JOURNAL OF
FOOD SCIENCE

2 March-April 1995
volume 60, No. 2

Coden: [FDAZ 60:212-428
1S5N: 0022-1147

journal of Food 5Science & IFT Information

i Author Index, Vol. 60, No. 2

i Page Charge Statement

i UMI Microform Information
iii JFS Masthead—Staff and Publication Information
iv IF1S—Int’| Foed Information Service

213 Basic Research, Applied Science and Engineering
426 Erratum Notice

426 UMI Article Clearinghouse Information

427 Nutrition Division Style Guide

428 |FT Professional Membership Information

Basic Research, Applied Science & Engineering

213 An HvypoTHEsls Parer: Cheddar cheese texture related to
salt release during chewing, measured by conductiv-
ity—Preliminary study—F.R. fack, J.R. Piggott & A_ Pat-
erson

218 Aroma extract dilution analysis of aged Cheddar

cheese—K.R. Christensen & G.A. Reineccius

221 Chemical pretreatment and microfiltration for making de-
ipidized whey protein concentrate—D. Karleskind, |,
tave, F-I. Mei & C.V. Morr

227  Zymogen activation in pancreatic endoproteolytic prep-
arations and influence on some whey protein hydro-
ysate characteristics—A.M. Mullally, DM,
O 'Callaghan, R.J. Fitzgerald, W.[. Daonnelly & |.P. Dal-
ton

234  Antioxidative activity of Maillard reaction products in
cooked pround beef, sensory and TBA values—/.5.
Smith & M. Alfawaz

237 Radiation sensitivity of {isteria monocytogenes on beef
as affected by temperature—D.W. Thayver & G. Boyd

241 Phytic acid protective effect against beef round muscle
lipid peroxidation—B.}. {ee & D.G. Hendricks

245  Flaked sinew addition to low-fat cooked salami—V. Le-
telier, C.L. Kastner, P.B. Kenney, D.H. Kropf, M.C.
Hunt & CM. Garcia Zepeda

250 Dietary supplementation of vitamin E to feedlot cattle af-
fects beef retail display properties—/.A. Sherbeck,
D.M. Wulf, |.B. Morgan, 1.D. Tatum, G.C. Smith & S.N.
Williams

253 lactate dehydrogenase monoclonal antibody immuno-
assay for detection of turkey meat in beef and pork—
C-H. Wang & D.M. Smith

257 Storage stability of vacuum packaged frozen pork sausage
containing soy protein concentrate, carrageenan or an-
tioxidants—({_.P. Ho, D.t. Huffman, D.D. Bradford,
W.R. Egbert, W.B. Mikel & W.R. fones

262  Pressure-induced dimerization of metmyoglobin—A.8.
Defaye & D.A. Ledward

265 Emulsion stabilization by Maillard-type covalent complex
of plasma protein with galactomannan—N. Matsu-
domi, Y. inoue, H. Nakashima, A. Kato & K. Kobayashi

269 Biochemical and functional properties of myofibrils from
pre- and post-spawned hake {(Merfuccius hubbsi Ma-
rini) stored on ice—5.4. Roura & M. Crupkin

273 Storage quality of fresh and frozen-thawed fish in ice—
H. Magnusson & E. Martinsdotiir

279 Identification of red snapper ({utfanus campechanus) us-
ing electrophoretic techniques—T7-S. Huang, M.R. Mar-
shalt & C-1. Wei

284  Frozen storage quality of rainbow trout (Oncorhynchus
mykiss) as affected by oxygen, illumination, and fillet
pipment—B. Bjerkeng & G. Johnsen

289 Caoked blue crab claw meat aroma compared with lump
meat—H.Y. Chung, . Chen & K.R. Cadwallader

292 Surimi-based imitation crab characteristics affected hy
heating method and end point temperature—f.A. Ber-
tak & C. Karahadian

297 Alpha-helical structure of fish actomyosin: Changes dur-
ing setting—M. Ogawa, J. Kanamaru, H. Miyashita, T.
Tamiya & T. Tsuchiya

FEATURED
IN THIS ISSUE

AN HYPOTHESIS PAPER: Cheddar Cheese
Texture Related to Salt Release during
Chewing, Measured by Conductivity
—Preliminary Study
by
F.R. Jack, JR. Piggott & A. Paterson

Page 213

b

Guidelines for Preparation and
Review of Nutrition-Related
Papers
Page 427

A PUBLICATION OF
THE INSTITUTE OF FOOD TECHNOLOGISTS

The Saciety for Food Science and Technology



300

305

312

316

320

324

327

334

341

344

348

‘.Sl

356

Gel strength enhancement by addition of microbial trans-
glutaminase during onshore surimi manufacture—H.
Salamoto, Y. Kumazawa, S. Toiguchi, K. Seguro, T.
Speda Q A4 Motoki

Microbial transglutaminase and e-(y-glutamyl)lysine
crosslink effects on elastic properties of kamaboko
gels—K. Seguro, Y. Kumazawa, T. Ohtsuka, S. Toigu-
chi & A4 Motoki

Fermentation of cucumbers without sodium chloride—
H.P. Fleming, L.C. McDonald, RF. McFeeters, R.L.
Thompson & E.C. Humphries

Fermentation of lye-treated carrots by Lactobacillus plan-
tarum—A. DeCastro, L. Rejano, A.H. Sanchez & A.
Montano

Mechanism of surface white discoloration of peeled (min-
imally processed) carrots during storage—L. Cisneros-
Zevallos, ME. Saltveit & J.M. Krochta

Sulfite and starch affect color and carotenoids of dehy-
drated carrots (Daucus carota) during storage—Y.P.
Zhao & K.C. Chang

Low temperature blanching effects on chemistry, firmness
and structure of canned green beans and carrots—
D.W. Stanley, M.C. Bourne, A.P. Stone & W.V. Wismer

Fresh mushroom quality as affected by modified atmo-
sphere packaging—5. Roy, R.C. Anantheswaran & R.B.
Beelman

Antioxidant activity and total phenolics in different gen-
otypes of potato (Solanum tuberosum, L)—Ad45. AL-
Saikhan, L.R. Howard &J.C. MillerJr.

Microwave pre-treatment for sun-dried raisins—A.E. Kos- X

taropoulos & G.D. Saravacos

Sorption changes induced by osmotic preconcentration
of apple slices in different osmotic media—H.N. La-
zarides, A. Nickolaidis & E. Katsanidis

Expression of anthocyanins in callus cultures of cranberry
(Vaccinium macrocarpon Ait}—D.L. Madhavi, M.A.L.
Smith & M.D. Berger-Jimenez

Combined stress effects on growth of Zygosaccharomyces
rouxii from an intermediate moisture papaya product—
AA45. Tapia de Daza, C.E. Aguilar, V. Roa & R.V. Diaz
de Tablante

360

364

369

375

378

384

389

395

399

405

409

416

420

Riboflavin-sensitized photodynamic UV spectrophotom-
etry for ascorbic acid assay in beverages— A4.Y. Jung,
S.K. Kim &S.Y. Kim

Consumer age affects response to sensory characteristics
of a cherry flavored beverage— D.H. Philipsen, F.M.
Clydesdale, R.W. Griffin & P. Stern

Anthocyanin pigments of royal okanogan huckleberry
juice— C.L. Price & R.E. Wrolstad

Ultrasonication, lyophilization, freezing and storage ef-
fects on fat loss during mechanical infusion of ex-
pressed human milk—J. Dhar, A.G.F. Davidson, F.E.
Martinez, S. Barr, I.D. Desai & S. Nakai

UHT-sterilized peanut beverages: Changes in physico-
chemical properties during storage— I.Y.S. Rustom,
M.H. Lopez-Leiva & B.M. Nair

Flavor characteristics of lactic, malic, citric, and acetic
acids at various pH levels—P. Hartwig & M.R. Mc-
Daniel

Starch related changes in stored soft sorghum porridge—
C.T. Mokhoro & D.S. Jackson

Some antinutritional factors in Moringa peregrina (Al-Yas-
sar or Al-Banand soybean products— H.A. Al-Kahtani

Calcium-induced destabilization of  oil-in-water
emulsions stabilized by caseinate or by (3-lactoglobu-
lin—S.0. Aghboola & D.G. Dalgleish

Free amino acid stability in reducing sugar systems—J.H.
Baxter

Direct ELISAs for sult'athiazole in milk and honey with

special emphasis on enzyme conjugate preparation—
C.A. Thomson & P. Sporns

E-(7-glutamyl)lysme crosslink distribution in foods as de-
termined by improved method— H. Sakamoto, Y. Ku-
mazawa, H. Kawajiri & M. Motoki

Transport of oleic and acetic acids from emulsions into
low density polyethylene: Effects on adhesion with alu-
minum foil in laminated packaging— G. Olafsson, |.
Hildingsson & B. Bergenstahl



Agboola, S.O., 399
Aguilar, CE., 356
Al-Kahtani, HA.,, 395
Al-Saikhan, MS,, 341
Alfawaz, M, 234
Anantheswaran, R.C., 334

Barr, S., 375

Baxter, J.H., 405
Beelman, RB., 334
Berber-Jimenez, M.D., 351
Bergenstahl, B., 420
Bertak, J.A., 292
Bjerkeng, B., 284

Bourne, M.C,, 327

Boyd, G., 237

Bradford, D.D., 257

Cadwallader, KR., 289
Chang, K.C,, 324

Chen, F., 289
Christensen, KR, 218
Chung, HY., 289
Cisneros-Zevallos, L, 320
Clydesdale, F.M., 364
Crupkin, M, 269

Dalgleish, D.G., 399
Dalton, J.P., 227
Davidson, A.G.F., 375
De Castro, A, 316
Defaye, AB., 262
Desai, 1.D., 375

Dhar, J., 375

Diaz de Tablante, RV., 356

Donnelly, W.J., 227
Egbert, WR.,, 257

Fitzgerald, RJ., 227
Fleming, H.P., 312

Garcia Zepeda, CM,, 245
Griffin, RW., 364

Hartwig, P., 384
Hendricks, D.G., 241
Hildingsson, 1., 420
Ho, C.P., 257
Howard, LR, 341
Huang, T-S,, 279
Huffman, D.L., 257
Humpbhries, E.G., 312
Hunt, M.C., 245

Inoue, Y., 265

Jack, FR, 213
Jackson, D.S., 389
Johnsen, G., 284
Jones, WR,, 257
Jung, MY., 360

Kanamaru, J., 297
Karahadian, C., 292

AUTHOR INDEX
Volume 60: Number 2

Karieskind, D., 221
Kastner, C.L., 245

Kato, A, 265

Katsanidis, E., 348
Kawajiri, H., 416
Kenney, P.B., 245

Kim, SK., 360

Kim, S.Y., 360
Kobayashi, K., 265
Kostaropoulos, A.E., 344
Krochta, J.M.,, 320
Kropf, D.H., 245
Kumazawa, Y., 300, 305, 416

Laye, I., 221
Lazarides, H.N., 348
Ledward, D.A., 262
Lee, BJ., 241

Letelier, V., 245
Lopez-Leiva, MH., 378

Madavi, D.L., 351
Magnusson, H., 273
Marshall, MR,, 279
Martinez, F.E., 375
Martinsdottir, E., 273
Matsudomi, N., 265
McDaniel, MR., 384
McDonald, L.D., 312
McFeeters, R.F., 312
Mei, F-I., 221

Mikel, WB., 257
Miler, J.C. Jr., 341

Miyashita, H., 297
Mokhoro, C.T., 389
Montano, A, 316
Morgan, J.B., 250

Morr, CV., 221

Motoki, M, 300, 305, 416
Mullalb, MM, 227

Nair, B.M.,, 378
Nakai, S., 375
Nakash ma, H., 265
Nickolaidis, A, 348

O’Callaghan, DM, 227
Ogawa, M, 297
Ohtsuka, T., 305
Olafsson, G., 420

Paterson, A, 213
Phuipsen, D.H., 364
Piggott, J.R., 213
Price, C.L., 369

Reineccius, GA, 218
Rejano, L, 316

Roa, V., 356

Roura, S.I., 269

Roy, S., 334

Rustom, 1.Y.S., 378

Sakamoto, H., 300, 416
Saltveit, M.E., 320

NOTICE: g’]@%e Charﬁe for Publication

€Searc

dpers

A page charge of $70 per printed page is effective for
papers published in the JOURNAL OF FOOD SCIENCE.
W& sincerely hope that authors’ sources offinancial sup-
port share the prevailing view that publication costs are,
infact, part of the cost ofprofessional research.

Where solely personal funds are available for payment
ofpage charges and such payment would be a hardshipfor
the authors, application for “Waiver Under Hardship
Clause "’ should be made—prior to publication—send this
staterment, signed by the principal author and co-signed by
the Department Head, to the Director of Publications, In-
stitute of Food Technologists, Suite 300, 221 N. LaSalle &,
Chicago, IL 60601, USA

Sanchez, AH., 316
Saravacos, G.D., 344
Seguro, K, 300, 305
Sherbeck, J.A., 250
Smith, D.M,, 253
Smith, G.C., 250
Smith, J.S., 234
Smith, MAALL, 351
Soeda, T., 300
Sporns, P., 409
Stanley, D.W., 327
Stem, P., 364
Stone, AP., 327

Tamiya, T., 297

Tapia de Daza, M.S., 356
Tatum, J.D., 250

Thayer, DW,, 237
Thompson, RL., 312
Thomson, C.A,, 409
Toiguchi, S., 300, 305
Tsuchiya, T., 297

Wang, C-H., 253
Wei, C-l., 279
Williams, S.N., 250
Wismer, WV, 327
Wrolstad, R.E., 369
Wulf, D.M,, 250

Zhao, Y.P., 324



mit.m yiy-un

'Ea*PrKaasM
in if« g a
i HOIK!
kJ*1- "HUG
. hmu '*ju*rf a
m *# |- « rfuas*
&-4.ifr*Ha£ S* i*,

3 X

< —

UM reproduces this publication in microform: micro-
fiche and 16 or 35mm microfilm For informetion about
this publication or any of the more than 16,000 peri-
odicals and 7,000 newspapers e offer, complete
and il this coupon to UM, 300 North Zeeb Road,
Am Ao, M 48106 USA Or call us toll-free for an im+
mediate response: 800-521-0600. From Alaska and
Michigan call collect 313-761-4700. From Canada
cal toll-free 800-343-5299.

UM I

800-521-0600 toll-free
313-761-4700 collect fromAlaska and Mdhigen
800-343-5299 toll-free fromGarech,

Please send e informration about the titles e listed below:

Title—
Corrpany/Irstitution
Address
Oty'SeteZp
Pore(___ )_




A PUBLICATION OF
THE INSTITUTE OF FOOD TECHNOLOGISTS

The Society for Food Science and Technology

JOURNALOF ' =
FOOD SCIENCE

Publi_sher
Daniel E. Weber

March-April 1995
Volume 60, No. 2

FDAZ
22-11

212128
1147

IFT Publications Subcommittee
Isabel D. Wolf (Chairman)

Fred H. Tarver Jr (Past Chairman)
Robert E. Berry

Editorial Associate

Scientific Editor Anna May Schenck

Robert E. Berry

Associate Scientific Editors
Robert A. Baker

Director of Publications
John B. Klis

Annu_al_ Index Editor
Patricia Schenck

Robert J. Braddock
Grady W. Chism Il
P. Michael Davidson
Stanley J. Kazeniac
Barbara P. Klein
Manfred Kroger
Romeo T. Toledo

Managing Editor
Bernard Schukraft

< PHILOSOPHY: The Journal of Food Science is the scientific
publication of the Institute of Food Technologists and serves the
interests of the members of the Institute. JFS considers for pub-
lication reports of original research in all aspects of food science
— from postharvest to the consumer — that concern the basic
and applied aspects of the preparation, nutrition, and safety of
the food supply. Manuscripts are accepted without regard for
membership in IFT or origin of research provided that the stud-
ies advance knowledge in any area of food science. JFS em-
phasizes and promotes the highest standards of ethics in the
conduct of reporting research.

* AUTHOR OBLIGATIONS: The Institute of Food Technologists
is proud of the high quality of the research reported in its jour-
nals, and is dedicated to maintaining its high level of profes-
sionalism. However, because of reports of fraud and plagiarism
in the scientific literature, it seems worthwhile to remind au-
thors of their obligations when submitting manuscripts for pub-
lication in IFT's journals.

Although precise guidelines do not exist, all authors listed in
the manuscript should ask themselves the following questions:

« Does the manuscript list all participants who made significant
contributions, and only those participants?

« Have the data been reported accurately and not manipulated
to demonstrate the desired results?

« Has the literature been cited sufficiently and accurately?

« Have the research guidelines established by the authors' in-
stitutions been followed?

Submission of manuscripts to the Institute of Food Technol-
ogists implies that the authors have reviewed the above ques-
tions and the conditions have been met.

« MANUSCRIPTS (4 copies) should be submitted to:

Dr. Robert E. Berry

IFT Scientific Editor

P.O. Box 3065

Winter Haven, FL 33881
 NO RESPONSIBILITY is assumed by the Institute of Food
Technologists for statements and opinions expressed by the
contributors to its publications.
* MANUSCRIPTS should conform to the style used in Journal
of Food Science and authors are urged to consult the "IFT Style
Guide for Research Papers" (see next paragraph for availabi-
lity). Journal of Food Science reserves the privilege of editing
manuscripts to make them conform with the adopted style of

John Carpenter

Donald A. Corlett Jr

Elisa L. Elliot

Carol Karahadian

Mark R. McLellan

Myron Solberg

Daniel E. Weber, IFT Executive Director

the journal or returning them to authors for revision. Editing

changes may be reviewed by authors before publication.

- styLe cuipe: The "JFS Style Guide for Research Papers" is
ublished annually in Journal of Food Science (last date of pub-
ication: Nov.-Dee. 1994, Vol. 59, No. s, Bp. 1367-1370). Copies

are also available from IFT's Director of Publications.

. PAGE CHARGES for Publications: 1he IFT Executive Commit-

tee has established a page charge of $70 per printed page for

all papers published in Journal of Food Science. The page
charge shall not constitute a bar to acceptance of research man-
uscripts because the author is unable to pay the charge.

- susscrirTions: All communications related to handling of
subscriptions, including loss claims, change of address, and or-
ders for back issues should be sent to:

Subscription Department
Institute of Food Technologists
221 N LaSalle Street, Suite 300
Chicago, IL 60601 USA

Member Subscnptions-$28 per year (Canadian residents must
add 7% to magazine subscriptions).

Non-Member Subscriptions-Accepted only on a calender year
basis-no refuncs. Rates include postage. Payment must accom-
pany order. Domestic, Canada, and Mexico-$82, all other
destinations-$92 (Canadian residents must add 7% to magazine
subscriptions). Reduced rates for 2- and 3-year subscriptions.

Change of address notice, with old address label, is required s
weeks before issue date.

Claims for lost copies are allowed only if received within one
month after publication (3 months for foreign subscribers).

Single copies and available back issues, $20 each postpaid; re-
mittance to accompany order.
- reprinTs: S ngle reprints are not available from Journal of
Food Science. Address reguests for single reprints to authors,
whose addresses are found with each article. Original size and/
or microform copies of individual articles, or issues, or entire
volumes may be purchased from University Microfilms Inter-
national, 300 N. Zeeb Road, Ann Arbor, M 48106, U.S.A. (phone
800-521-0600), or Dept. F.A., 30-32 Mortimer St., Dept. P.R., Lon-
don WIN 7RA, England. o
Quantity reprints can be ordered from IFT Publications De-
partment—Minimum of 100 copies. Price schedule available
upon reguest.

©Copyright 1995 b% Institute of Food Technologists. All rights reserved. JOURNAL OF FOOD SC'ENCE (formerly Food Research) is published six times

ayear (blmontthP
300, Chicago, IL 60601.

/ g by Institute of Food Technologists, 221 N. LaSalle Street, Suite 300, Chicago, IL. 60601 USA. Printed in the USA. Second class Posta_ e
paid at Chicago, fllinois and at additional mailing offices. POSTMASTER: Send address changes to Journal of Food Science, 221 N. LaSalle St.,

Suite

ne <!iuj«m miivitiRfrapiiim m

- 9 an.

2§38



How can | keep up to date with new
developments in food technology?

By looking in Food Science and
Technology Abstracts (FSTA), published by the

International Food Information Service.

How can FSTA help?

FSTA is a monthly summary of all the
food-related R&D published in more than 1600

journals, as well as in patents and standards.

That's 18 000 records per year.

Butwouldn't FSTA be too academic for me?

No! FSTA covers everything relating to food
from the farm gate to the customer's throat,
including processing and manufacturing.

That's very impressive. Whatabout these
new processes based on biotechnology?

Ten per cent of FSTA's input each month covers

microbiology and biotechnology.

OK, buthow do I find whatl'm interested in?

Very easily! FSTA's electronic versions give you
instant finger-tip access to all you need. Think
how much time and money that will save you.

DON'T WASTE TIME,
GET IN TOUCH WITH IFIS NOW!

__1IFAs GmbH mMelibocusstrale 52 m60528 Frankfurt, FRG miTel: +69/669 007-0 mFax: +69/669 007-10
IFIS Publishing mLane End House «Shinfield, Reading

ing « RG2 9BB, UK miTel: +734/883 895 « Fax: +734/885 065 *A Reg. Charity
IFIS edo Nat. Food Lab. w6363 Clark Ave.  Dublin, CA 94568, USA miTel: 800 336 FSTA (800 336 3782)- Fax: 510 833 8795

B

N/

-




An Hypothesis

Paper

Cheddar Cheese Texture Related to Salt
Release During Chewing, Measured by
Conductivity— Preliminary Study

FRANCES R. JACK, JOHN R. PIGGOTT,

and ALISTAIR PATERSON

INTRODUCTION

Texture is of major importance in
cheese, being a primary index in quality
grading (Bodyfelt, 1988). Although
Cheddar cheese must comply with strict
compositional and production specifi-
cations, consumers readily discriminate
between Cheddars in terms of texture
(Piggott and Mowat, 1991; Jack et ai,
1993b). Hence, the manufacturer must
quantify these attributes as accurately as
possible. Instrumental measures are
available but these often do not provide
an adequate representation of texture, as
perceived by the consumer. Most tex-
ture perception results during chewing.
Texture attributes are continually mon-
itored by the consumer as cheese is bro-
ken down in the mouth and swallowed.
Low correlations between instrumental
indices of texture and perception are of-
ten due to the effects of chewing being
disregarded (Pierson and Le Magnen,
1970). Emphasis is being placed on
measuring texture under conditions that
closely mimic actual consumption situ-
ations. A major area of research has
been the study of relationships between
chewing patterns and food texture (Jack
et ai, 1994a). These have varied in
complexity from the quantification of
chew numbers and frequencies (Har-
rington and Pearson, 1962; Gacula et
al., 1971), to the study of jaw move-
ment (Chew et ai, 1988), forces exerted

Authors Jack, Piggott, and Paterson are
with the Centre for Food Quality, Dept,
of Bioscience & Biotechnology, Univ.
of Strathclyde, 131 Albion St., Glas-
gow, G1 1SD, Scotland, UK.

on the teeth during eating (Tomberg et
al., 1985), and the measurement of mus-
cle activity (Pierson and Le Magnen,
1970; Eves et al., 1988; Sakamoto et al.,
1989).

The production of Cheddar cheese
has been extensively described (Banks,
1992). To permit desired microbial and
enzymatic activity, salt is not added un-
til after curd formation. Before addition
of salt the curd is milled (a fine cutting)
and mellowed (rested until curd particle
surfaces glisten with exuded whey).
The salt is readily dissolved forming a
brine (Lawrence and Gilles, 1987).
Cheddar cheese has a gel structure,
comprising a protein network that en-
traps fat globules (Prentice, 1987). Brine
is dispersed throughout the gel, filling in-
terstices between protein and fat phases.
The cheese gel is broken down during
chewing, being subjected to repeated
fracturing. A hypothesis was suggested;
as cheese is consumed breakdown of the
matrix results in release of salt into the
mouth. Jack et al. (1994b) determined
that the manner of breakdown varied
between Cheddars and that breakdown
characteristics were related to changes
in perceived texture. We evolved a sec-
ond hypothesis that since manner of salt
release would depend on breakdown
characteristics it could be used as a
measure of texture. Our objectives were
to test these hypotheses, providing a
preliminary insight into salt release and
its potential as a tool for texture inves-
tigation.

MATERIALS & METHODS
Cheddar cheese samples
Nine Cheddar cheeses were pur-

chased from retail outlets; vintage Ca-
nadian Cheddar VIN, vegetarian

ABSTRACT

Salt is dispersed throughout the matrix
of Cheddar cheese. We hypothesized
that the manner in which salt is re-
leased into the mouth during chewing
may be directly related to cheese
breakdown, and hence texture. Con-
ductivity (used as the best estimate of
salt) in the mouth was continually
monitored during consumption of a
range of Cheddars. Characteristics of
conductivity changes varied between
cheeses. Relationships were observed
between such changes and instrumen-
tal and sensory measures of texture.
This preliminary study, based on re-
sponses of a single subject, suggests
the potential of salt release data to help
distinguish texture in cheese.

Key Words: chewing, force deforma-
tion, sensory/instrumental relations

Cheddar VEG, reduced fat Cheddar
style cheese RFA, mild Scottish Ched-
dar MDS, cathedral city Cheddar CAC,
mild Irish Cheddar MDI, vintage Eng-
lish Cheddar VEN, half fat Cheddar
style cheese HAF, mature Scottish
Cheddar MTS. These represented a
wide range of textural characteristics.
Cheeses were stored at 4°C. Wrapping
in cheese-cloth moistened with a 5% so-
lution of food-grade sodium chloride
minimized moisture loss.

Sensory analysis

Descriptive sensory analysis, devel-
oped by Stone et al. (1974), is widely
employed in food research. This ap-
proach was used to profile the texture of
the cheeses. Samples were rated in
terms of nine characteristics: coarse Co,
creamy Cre, crumbly Cru, dry Dr,
grainy Gr, hard Ha, rubbery Ru,
smooth Sm and sticky St (Jack et al.,,
1994b). The sensory panel consisted of
14 assessors, all staff or students of
Strathclyde University. Assessors had
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CHEESE TEXTURE AND SALT RELEASE. ..
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Fg. 1- Typical trace () and integrated trace (right) of conductivity inthe mouth during consumption of Cheddar cheese.
Table 1—Parameters measured from conductiv- Table 2—Mean force deformation data for nine Cheddar cheeses
ity traces
Parameter CODE Sample height point curves Al A2 A2/AL
Number of peaks PNUM VIN 39.7 29.3 69.3 2634 251 0.094
Height of first peak PEAK1 VEG 37.3 517 63.7 2861 501 0.176
Mean peak height PMN RFA 350 430 68.0 2648 411 0.155
Total of peak heights PTOT MDS 373 827 57.3 2259 494 0.222
Maximum peak height PMAX CAC 36.3 38.0 69.7 2778 396 0.143
Number of peaks to max MDI 27.3 60.3 68.7 1942 315 0.162
(inclusive) NMAX VEN 38.6 283 73.0 2708 254 0.094
Distance to max HAF 497 73.0 44.3 2698 715 0.267
(NMAX/PNUM) DMAX MTS 243 37.3 76.3 2306 293 0.126
Duration of chewing DUR psda 40 a1 30 283 60 v 02
Ra(tsee(gf Salt release p<b 0.001 0.001 0.001 0015 0.001 0.001
(Slope of integrated Curve) RATE apsd = pooled standard deviation.

previous training and experience in tex-
tural evaluation of Cheddar cheese, be-
ing familiar with the analysis of a
diverse range of commercial and labo-
ratory produced cheeses. Cylindrical
samples of cheese, 15 mm diameter and
20 mm high, were tasted. Samples of
these dimensions were also used in
measurements of salt release and force-
deformation characteristics. All samples
were taken at least 3 cm from the out-
side of the cheese, to minimize effects
of surface drying, and cut at 4°C, to
prevent barreling. Cheese was allowed
to equilibrate at room temperature
(«20°C), for 20 min prior to analysis.
Duplicate samples were assessed, with a
balanced order of presentation em-
ployed. Data were recorded and stored
using the PSA-system vl.61 (OP&P
Inc., P.O. Box 14167, 3508 SG Utrecht,
The Netherlands).

Panel means, calculated for each sen-
sory descriptor, were analyzed by prin-
cipal components analysis (PCA)
(Piggott and Sharman, 1986) using Un-
scrambler 1l v3.1 (CAMO A/S, Jarlev-
eien 4, N-7041 Trondheim, Norway).
PCA calculates linear combinations of
variables (components) describing as
much of the variance of the original data
as possible. This allows the original

Dp value = probability of rejecting Ho that there is no difference between samples.

multi-dimensional matrix to be simplified
without substantial loss of information,
and so eases interpretation of complex
data matrices. The results of PCA could
be graphically displayed as two sets of
plots. In the first the correlation of the
texture variables with successive com-
ponents were plotted, to aid interpreta-
tion of these components; in the second
the sample scores were plotted to show
relationships between cheeses.

Hw?trumental nalysis of force-
eformation characteristics

Deformation properties were studied
using the Instron Universal Testing Ma-
chine (Instron Corporation, Canton, MA
02021, USA). Triplicate samples were
prepared (Jack et al., 1993a) and sub-
jected to a double, 60% compression at
a rate of 20 mm min-1, using a cycling
mode. A flat 45 mm diameter probe, lu-
bricated with vegetable oil to minimize
frictional effects, was used to effect the
compression at a full scale load of 5 kg.
The cylindrical samples of cheese were
orientated in an up-right column posi-
tion. The same orientation was used
when placing the samples between the
teeth in the sensory and salt release ex-
periments. Output from the Instron was
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in the form of a force-deformation
curve. Parameters related to a range of
textural characteristics (Jack et al.,,
1993a) were measured from these
curves. These included height of the
first peak, distance to break point, dis-
tance between curves, areas under first
(Al) and second (A2) curves and ratio
of areas under curves (A2/A1).

Compositional analysis

Salt (sodium chloride) was deter-
mined in triplicate, using the Volhard
method and moisture by oven-drying
over sand (Kirk and Sawyer, 1991).
Amounts of salt in moisture were also
calculated.

Salt release

A continuous measure of salt level in
the oral cavity was required. Although
nonspecific, conductivity was consid-
ered to provide the best estimate of salt
level, being simple to measure with a
relatively nonintrusive sensor. An arti-
ficial dental palate with integral elec-
trodes was constructed to allow the
monitoring of conductivity (Goff,
1993). These electrodes were comprised
of stainless steel foils (5 mm squares by
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Fig. 2—Sample scores (left) and descriptor loadings (right) on Factors 1 and 2 after PCA of sensory data for nine Cheddar cheeses.

Table 3—Salt and moisture content of Cheddar
cheeses

Salt Moisture Salt in

Sample (9/100g)  (¢/1IO0Og)  moisture
VIN 18 324 5.6
VEG 17 35.6 48
RFA 15 3.7 47
MDS 17 36.9 46
CAC 18 34.0 53
MDI 1.6 35.8 45
VEN 2.0 304 6.6
HAF 27 33.9 8.0
MTS 2.3 6.1 6.4
psd 0.1 04 04
P< 0.001 0.001 0.001

psd = pooled standard deviation
E = probebility of rejedmg HD that there is no dif-
between sanples.

0.25 mm thick) welded to stainless steel
polyester insulated conducting wires
(0.25 mm diameter). Alginate impres-
sions of the subject’s upper and lower
dentitions were taken, and articulated on
a plain line dental articulator. A simple
appliance, similar to an orthodontic
plate was constructed, to incorporate the
electrodes. This was fabricated of clear
acrylic dental base material, with stain-
less steel retention clasps on the first
molars. The appliance fitted closely to
the palate facilitating normal chewing.
Interference to chewing from the con-
ducting wires was minimal, as they
were fine enough to pass between the
maxillary lateral incisors and canine
teeth.

Conducting wires, from the palate
electrodes, were connected to an ana-
logue conductivity meter (CM35, Wal-
den  Precision Apparatus Limited,
Cambridge, UK). Output was digitized
using a 16 channel, A/D, 12-bit con-
verter (PC26AT, Amplicon Liveline,
Brighton, UK), installed in a desktop
personal computer. The digitized signal
was sampled at a frequency of 31 Hz
using a data acquisition software pack-

Table 4—Salt release data recorded during mastication of nine Cheddar cheesess

Sample PNUM FEAKL PMN  PTOT  PVAX NVAX DVAX DR RATE
VN 157 237 1023 15923 1567 6.7 0.46 139 17732
VEG 107 510 929 9897 1270 6.3 059 93 17639
RFA 157 30 1038 16170 1680 9.0 0.8 145 18228
MDS 107 397 %1 10100 1240 100 0.93 92 18538
CAC 140 483 984 13710 1420 80 0.56 14 19344
MDI 147 610 1081 15803 1423 57 0.39 125 19871
VEN 143 637 1086 15603 1726 7.7 0.52 129 19220
HAF 23 623 1297 30527 2307 210 0.94 186 23374
MTS 107 583 944 10100 1370 97 091 89 16554
psdb 14 8 116 2140 183 32 0.23 09 1581
P<C 0001 0136 0031 0001 0001 0001 0050 0001 0004
aForcodessee Tablel
bpsd = pooled standard deviation )
cp value = probahility of rejecting HD that there is no difference between sanples.
Table 5—Correlation between force-deformation and salt release parameters?
Force-deformation
Salt release Peak Break Between
parameter ht point curves Al A2 A2/AL
PNUM 067 . ) ¥ . N
PMN 062 : -0.62 * .
PTOT 060 N -0,67 ; N N
PMAX 0.70 ¥ *
NMAX 0.63 . -0.80 # 0.78 073
DMAX ) : ** * * 0*63
DUR 067 . .
RATE 0.67 -0.76 0.66 0.65
For codes see Table 1

* = correlation coefficient < 06.

age (Microscope, Amplicon Liveline).
Conductivity was quantified as arbitrary
units. Traces were produced, providing
a continuous record of changing con-
ductivity levels in the mouth. A typical
conductivity trace, produced during
consumption of Cheddar cheese, is
shown in Fig. 1 Data were also inte-
grated, via continuous summation of the
data points (Fig. 1). Several parameters
were measured from these conductivity
traces (Table 1).

The salt release experiment employed
a single subject, of sound dentition.
Cheeses were prepared as before. Con-
ductivity in the oral cavity was contin-
uously recorded from the onset of

Table 6—Correlation between compositional and
salt release parameterss

Salt release Salt in
parameter Salt Moisture  moisture
PNUM * N 0.62
PMN 0.60 N 0.69
PTOT 061 . 0.69
PMAX 0.66 % 0.78
NMAX 081 N 076
DMAX 0.63 . .
DUR . .

RATE *
aFor codes see Table 1

* = correlation coefficient < 06.

chewing through swallowing. Rest per-
iods, of 5 min between samples, mini-
mized effects of fatigue. Samples were
examined in triplicate. A balanced order
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of sample presentation was employed.
The subject was positioned away from
the computer monitor, and could not see
the conductivity traces as they were
generated.

A baseline recording was made by
having the subject repeat the chewing
patterns used when consuming Cheddar
cheese, in this case with the mouth
empty. Small fluctuations in conductiv-
ity were observed, due to movement of
saliva around the mouth. Effects of sa-
liva were negligible, in comparison with
levels of conductivity resulting on con-
sumption of cheese, and therefore no
baseline was deducted.

Statistical analysis

Correlation coefficients between con-
ductivity parameters, force-deformation,
compositional and sensory data were
calculated. The potential of salt release
data as a predictor of sensory texture
perception was explored using partial
least squares regression (PLS) (Un-
scrambler Il v3.1). In this technique a
few orthogonal latent variables (factors)
were sought to describe inter-relation-
ships between two blocks of variables,
with primarily those factors relevant to
prediction of the regressed matrix (Y)
being extracted from the regressor ma-
trix (X). Thus PLS provided pairs of di-
rections, one from each set, which
showed strong covariance with each
other. Cross-validation was used to min-
imize over-fitting of data (Martens and
Martens, 1986).

RESULTS & DISCUSSION

The sensory panel SUCCESSfU“y dis-
criminated between the Cheddars in
terms of texture. Two factors, shown by
analysis of variance on replicates to dis-
criminate between cheeses (p<0.001),
were produced from the PCA of sensory
data (Fig. 2). These accounted for 65%
and 21% of variance. Primarily dry,
coarse, grainy Cheddars were separated
from smooth, creamy ones (Factor 1).
Rubberiness was also important, Factor
2 separating rubbery from sticky sam-
ples. The cheeses also displayed signif-
icantly  different  force-deformation
characteristics (Table 2) and composi-
tions (in terms of salt, moisture and salt
in moisture) (Table 3).

Typical conductivity traces produced
during consumption of Cheddar cheese
(Fig. 1) were composed of a series of
peaks. Each peak related to a single
chew stroke. This suggested that the in-

0.7
RATE
NVAX
PIVN
PTOT
PVIAX
OVAX
PNUM
DR
0.3
-0.3 Factor 1 0.7

Fig. 3—Plot of correlation coefficients between salt release parameters and Sensory
Factors 1and 2. Abbreviations are shown in Table 1

itial hypothesis was correct; that salt
was released into the mouth as the
cheese matrix was broken down during
chewing. The assumption that this effect
was due to salt from the cheese, rather
than salt from saliva, was supported by
the fact that the baseline (produced with
no sample) resulted in a negligible trace.
The integrated trace (Fig. 1) displayed a
uniform increase, illustrating that salt
was released at a steady rate during
chewing.

Characteristics of the conductivity
trace differed among cheeses. Each of
the measured parameters, except for the
height of the first peak (PEAK1),
showed significant differences (Table
4). This non-discriminatory parameter
was removed prior to further analysis.
Correlations between conductivity in the
mouth and the force-deformation and
compositional characteristics of the
cheese were observed (Tables 5 and 6).
Two force-deformation characteristics,
distance to break point and area under
first curve, were not related to any con-
ductivity parameters. The number of
significant correlations between con-
ductivity parameters and remaining
force-deformation characteristics varied
between 1 and 4. Peak height of force
deformation curves significantly corre-
lated with all of conductivity parame-
ters, except DMAX (Table 5). Since
peak height is a measure of hardness
(Lee et al., 1978), results suggested that
hardness and manner of salt release
were related. The salt release parameters
did not correlate with levels of moisture
in the cheese, though significant corre-
lation with both total salt, and salt in
moisture were observed (Table 6). As
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expected the height of the conductivity
peaks generally increased with increas-
ing levels of salt in the cheese. This also
supported the hypothesis that changes in
conductivity in the mouth during chew-
ing were a result of salt being released
from the cheese gel.

Relationships were observed between
conductivity in the mouth and percep-
tions of texture. Correlation coefficients
between conductivity parameters and
Sensory Factors 1 and 2 were plotted
(Fig. 3). PNUM, PMN, PTOT, PMAX
and DUR were located on the positive
end of Factor 1, correlated with hard,
dry textures. Three of these parameters
(PNUM, PTOT and DUR) were influ-
enced by the number of chews in the
consumption sequence. Hence cheeses
with hard, dry characteristics (e.g., vin-
tage English Cheddar and reduced fat
Cheddar style cheese) required the most
mastication. The parameters PMN,
PMAX and PTOT all related to height
of peaks produced. The higher the val-
ues of these parameters the more salt
was being released per chew. Hence
most salt was released from hard, dry
cheeses on each chew stroke. This may
have been related to the lower moisture,
and subsequent higher salt in moisture
ratios, in dry cheeses. DM AX was re-
lated to the negative end of Sensory
Factor 1, the duration of chewing re-
quired to reach maximal salt release be-
ing directly related to sample smoothness
and creaminess.

The remaining two conductivity
parameters (NMAX and RATE) were
most closely related to the positive end
of Sensory Factor 2, rubberiness. Both
of these parameters related to the rate at
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which salt was released from the cheese
as it was chewed. Rubbery cheeses
(such as the half fat Cheddar style
cheese) displayed slow rates of salt re-
lease. Such results suggest that disinte-
gration of the gel on each chew stroke
was less extensive in these cheeses than
in other Cheddars.

Using PLS to model relationships,
salt release was a good predictor of Sen-
sory Factors 1 and 2 (Fig. 4). Correla-
tion coefficients of 0.843 and 0.812,
respectively, were observed. Two fac-
tors were optimum for prediction in
each case. None of the cheeses was an
obvious outlier. Flowever, the sensory
characteristics of the vegetarian Ched-
dar were not as well modeled as the
other cheeses, although prediction errors
were similar. Differences in protein hy-
drolysis patterns, due to use of a micro-
bial coagulant in that product, may thus
have significantly affected gel structure,
and hence salt release character. This
should be explored further.

CONCLUSIONS

Conductivity in the mouth during
consumption of Cheddar cheeses can be
used as an estimate of salt release from
the cheese matrix. Salt release charac-
teristics can be used as predictors or in-
dicators of textural quality. This prelim-
inary study has limitations. Further

development and validation are re-
quired, particularly to examine replica-
tion by other subjects. The observation
that salt release is significantly influ-
enced by gel structure (texture) suggests
that there may be similar relationships
between texture and flavor release in
cheese.
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Aroma Extract Dilution Analysis of Aged Cheddar Cheese

K.R. CHRISTENSEN and G.A. REINECCIUS

ABSTRACT

Volatile compounds were isolated from 3-yr-old Cheddar cheese by mo-

lecular distillation. They were analyzed by aroma extract dilution anal-
ysis, a combination of gas chromatography and olfactometry that reveals
the aroma volatiles with the highest odor potency (the highest ratio of
concentration to odor threshold). The identified compounds with highest
odor potency were listed in order of elution on a DB-wax capillary
Their potencies and
ethyl acetate (3, 882), 2-methylbutanal and 3-methylbutanal (81, 899),
diacetyl (3, 960), a-pinene (3, 989), ethyl butyrate (243, 1018), ethyl
caproate (81, 1218), l-octen-3-one (9, 1284), (27, 1418),
methional (9, 1428), propionic acid (81, 1517), butyric acid (729, 1616),
(27, 1736), caproic acid (81, 1845), capric acid (9, 2198)
and lauric acid (9, 2580).

column. retention indices (in parentheses) were:

acetic acid

valeric acid

Key Words: Cheddar Cheese, aroma, extract dilution, acceptability

INTRODUCTION

Aroma extract dilution analysis (AEDA) combines gas
chromatography and olfactometry to determine which volatile
compounds are most potent in food. Two equivalent procedures
for AEDA have been described. “Charm” (Acree et al., 1984),
and FD (Flavor Dilution) (Ullrich and Grosch, 1987). In both,
flavor extracts are injected into a gas chromatograph and sub-
jects smell the resulting peaks as they elute. They smell the
extracts at different dilutions to provide references for the rel-
ative potency of individual compounds. Those that require much
dilution before becoming undetectable are most potent. They
have high CHARM values (Acree et al., 1984) or FD factors
(Ullrich and Grosch, 1987).

CHARM values and FD factors are similar to the “odor
units” described by Guadagni et al. (1966). They are estimates
of relative odor potency. The “odor unit” is defined as the ratio
of the concentration of a compound in a food to its odor thresh-
old in that food. It differs from AEDA units because they are
determined for aroma extracts, not in the food itself. Interactions
with the food matrix do not exert much influence on them.

The aroma of Cheddar cheese has been investigated many
times. Maarse and Visscher (1989) listed 213 compounds that
had been isolated and identified in 50 different reports. How-
ever, only a fraction of those compounds contributes to the
aroma of aged Cheddar cheese. Our objective was to use AEDA
to identify the most potent aroma volatiles.

MATERIALS & METHODS
Materials

Aged Cheddar cheese was purchased on the retail market. It was se-
lected because it had a flavor that was very strong, yet typical of aged
Cheddar cheese and free of defects.

Extract preparation

The cheese was trimmed and 2,700g were cut by hand into «=2 cm
cubes and centrifuged to remove the oil. Centrifugation was at 40°C and

Author Reineccius is with the Dept, of Food Science & Nutrition,
Univ. of Minnesota, 1334 Eckles Ane,, St Paul, MN 55108, Author
%Cr)lzsﬁensen is with Frito Lay, Inc., 7701 Legacy Dr., Plano, TX

Table 1—Compounds sniffed in the GC effluent

No. Rla Identity Notesb
1 880-884 Ethyl acetate GC, MS,SM
2 894-903 2- methylbutanal or GC, SM

3- methylbutanal
3 957-962 Dlacetyl GC, SM
4 989 a-pinene GC, SM
5 1010-1025 Ethyl butyrate GC, MS,SM
6 1080
7 1100-1106
8 1182-1197
9 1214-1221 Ethyl caproate GC,MS,SM

10 1281-1287 1-octen-3-one and GC, SM

acetoin

11 1341-1350

12 1355

13 1361-1367

14 1412-1425 Acetic acid GC, MS,SM

15 1427-1429 Methional GC, SMC

16 1466-1507 Acetic acid (end- GC, SM

in

17 1514-1520 Pro| g|)0nic acid and GC, MSC

2,3-butanediol

18 1521-1547

19 1598-1633 Butyric acid GC, MS,SM

20 1713-1759 Valeric acid GC, MSC

21 1803-1811

22 1830-1860 Caproic acid GC, MS, SM

23 1861-1881

24 2194-2302 Capric acid GC, MSC

25 2574-2585 Lauric acid GC, MS, SM

3Rl calculated from sniffing and FID results on GC. A range is given when odors per-
sisted for more than one Rl unit. b GC-authentic standard eluted within range of re-
tention times consistent with unknown odor. MS-high quality match obtained
between mass spectrum of unknown peak and appropriate reference. SM-named
compound had same odor character as authentic standard. ¢ Peaks had variable de-
scriptors and were quite broad.

2,500
Needham,

X g for 2 hr (International Equipment Company, model PR-J,
Ma).

The recovered oil (700g) was subjected to molecular distillation using
a Pope Scientific, Inc. (Menomonie Falls, W1) «=5 cm wiped film still
equipped with two cold traps. The cold finger was cooled with ice water,
the cold traps were filled with liquid N2; the vacuum was set at 680
mmHg and the jacket was heated to 50°C. Oil was degassed and then
distilled at an average rate of ~-2 mL/min. W hen distillation was com -
plete, the cold finger was rinsed with 25 mL diethyl ether and 50 mL
water. The cold trap was allowed to warm to ®=0°C before it was also
rinsed with 25 mL of ether and 50 mL of water. All fractions were
combined in a 250 mL separatory funnel and allowed to separate. The
aqueous fraction was decanted. Then the organic fraction was dried with
M gS04 and evaporated to ®*0.2 g under a stream of dry N2

AEDA

A Hewlett-Packard (Avondale, PA) model 5880A gas chromatograph
(GC) was equipped with a split/splitless injection port, a 30 m X 0.25
mm id. X 0.25 pm film thickness DB-W ax capillary column (J. & W.
Scientific, Rancho Cordoba, CA) and a Chrom fit (Chromtech, Inc., Ap-
ple Valley, MN) “Y?”
tween a sniffing port and a flame ionization detector (FID). A

connector, allowing the effluent to be split be-
1 pL
injection of extract was made in the splitless mode with injection port
250°C and initial oven 20°C held for 1 min. The temperature was then
increased at 5°C/min. to 230°C.

Dilutions for AEDA analysis were done sequentially by volume (1:
3). To help minimize bias, extracts were sniffed starting with the most
dilute sample (FD number of 310, or 59,049) working toward the less
diluted and finally the undiluted extract. Sniffing was done by two ex-
perienced subjects working independently. The beginning and end times
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Fig. 1—Combined aromagram results for two judges. The height of the lines corresponds to highest flavor dilution reached by Judge
1 (w) and Judge 2 (). Peak numbers, see Tables 1and 2. In peaks 6 and 13 results for the two judges were identical, so only results

of Judge 1were clearly visable.

of aromas were recorded on strip charts that were synchronized with the
FID chromatograms.

Identification of aroma volatiles

A Hewlett-Packard model 5890 GC coupled to a Hewlett-Packard
5970 mass spectrometer (GC-MS) was used to determine spectra of the
odoriferous peaks. A similarcolumn was used as in the AEDA and under
identical conditions. Tentative identifications were provided by match of
experimental mass spectra with reference mass spectra.

A Hewlett-Packard model 5921 A atomic emission detector (AED)
was used in conjunction with a model 5890 Series Il GC. The same DB-
W ax capillary column was used as in the sniffing and FID experiments
under the same conditions. The AED was adjusted to be sensitive to C,
N and S.

Straight-chain hydrocarbons were determined on both systems to sim -
plify peak matching. Retention indices (RI) were computed for com-
pounds and published lists of RI (Jennings and Shibamoto, 1980; Sadtler,

1986) were consulted for confirmation.

RESULTS & DISCUSSION

All but one of the peaks (Table 1) have been reported before
in Cheddar cheese. The exception was the “mushroom” peak,
tentatively identified as I-octene-3-one. This compound was
previously associated with metallic flavor in milk (Swaboda and
Peers, 1977). It had a sensory threshold of 0.8 to 2.2 ppb (Fi-
scher and Grosch, 1987), which helps explain why no trace of
this compound was evident on the GC-MS. It is one of two
compounds listed by Le Loch-Bonazzi and Wolff (1991) iso-
lated from mushrooms with a specific “mushroom” aroma. The
other such compound was l-octene-3-ol. Fischer and Grosch

(1987) reported (in two separate determinations) RI values of
1291 and 1294 for l-octen-3-one, and 1447 and 1448 for 1-
octen-3-ol. Our RI values, under different conditions, were: the
mushroom aroma, 1283; authentic |-octen-3-one, 1285; authen-
tic l-octen-3-ol, 1420. Both sniffers confirmed that authentic 1-

Table 2—Judges' descriptors of peaks which could be reliablys sniffed in
the GC effluent (Listed by Peak No., Table 1)

No. Judge 1 Judge 2

1 Juicy Fruit gum Apples

2 Tootsie Rolls

3 Butter Butter, mild Cheddar

4 Pine, green

5 Sweet, fruity Apple blossom

6 Plastic Glue

7 Cooked milk Oxidized, glue

8 Sulfur Potato, cardboard

9 Fruit melon Sour fruit
10 Mushroom, smoky Mushroom, metallic
11 Burnt sugar or garlic Garlic, "sickly sweet"
12 Oxidized, glue

13 Green, floral Geraniums

14 PepEers, green Green, fruity, floral
15 Cooked milk, acrid Sulfur, oil, onions
16 Green Pungent, green, cereal
17 Gas, burnt, sulfur Sulfur, cloves, solvent
18 Green, wood, vegetable Green, cardboard, glue
19 Nacho Cheese Cheese, toasted cheese
20 Rain, wood, vegetable Spicy, nutty, grain
21 Acrid Toasted, cardboard
22 Bad breath, popcorn Goaty, free fatty acid
23 Peppers, green and red
24 Warm, stale butter Sour fruit
25 Soapy

aQriterion for reliability wes that the peak should be detected in two separate trials.
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octen-3-one and the unknown at 1283 had the same odor
character. Therefore, we consider the evidence strong that 1-
octen-3-one was identified, though no mass spectrum could be
obtained.

In some cases aromas at certain times appeared to derive from
more than one compound. Methional, for example, was tenta-
tively identified in the middle of the acetic acid peak, because
a potato-like smell was reported there and authentic methional,
(which has a potato-like smell) eluted at that time.

The descriptors the two judges chose for propionic acid
strongly indicated the presence of a sulfur compound, but no
trace of sulfur could be found, even using the AED. Producing
descriptors is highly subjective (Table 2). Possibly the 2 judges
simply found propionic acid difficult to describe out of context.
Identifications were reinforced by published RI data, authentic
standards and, in some cases, mass spectral matches. However
they must be considered tentative until repeated on a second GC
column of differing polarity. This should reveal whether smells
truly resulted from the identified peaks, or whether their ap-
pearances at the same retention times were due to coincidence.

Aromagrams were developed (Fig. 1) which combined sniff-
ing results of the two judges. To our knowledge, this is the first
instance in which AEDA has been applied to Cheddar cheese.
The judges appeared to differ in sensitivities to certain com-
pounds. From the aromagram, the aroma of Cheddar cheese
does not appear simple.

A definitive list of potent odorants in Cheddar cheese, if con-
structed, would probably contain more than 25 compounds. The
method of sample preparation did not allow recovery of the very
low-boiling components of the cheese aroma, for example, hy-
drogen sulfide, acetaldehyde or methanethiol (Libbey et al.,
1963). Also possibly some intense peaks of long duration were
due to more than one compound.

Frijters (1978) noted that odor units were not necessarily pro-
portional to aroma intensity. Conceivably compounds that could
not be perceived after the first dilution were more intense in the
cheese than other compounds that were detectable after many
dilutions. In spite of this theoretical premise, we could conclude
that compounds that could be smelled were more likely to be
important to the aroma of Cheddar cheese than those which
could not. In addition, many compounds that might usually be

in this “medium volatility” fraction of Cheddar cheese aroma
can now be considered of little importance.

CONCLUSIONS

Aroma extract dilution analysis Was h8|pr| to narrow the
group of compounds that should be considered important to the
chemical nature of Cheddar cheese aroma. The methodology did
not allow evaluation of the most volatile fractions of Cheddar
cheese aroma. The relative importance of hydrogen sulfide,
methanethiol or acetaldehyde among the potent odorants re-
mains to be determined.
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Chemical Pretreatment and Microfiltration for Making
Delipidized Whey Protein Concentrate

D. KARLESKIND, I. LAYE, F-I MEI and C.V. MORR

ABSTRACT

Chemical pretreatment, microfiltration (M F) and ultrafiltration (UF) were

applied to produce delipidized whey protein concentrates (WPC). Proc-
esses including both chemical pretreatment and MF resulted in WPC
with <0,5%
were more effective for lipid removal than chemical pretreatment by

MF processes

lipids. Low-pH UF and isoelectric point (pi) precipitation

thermocalcic aggregation. Protein permeation ratios in

were improved by UF preconcentration of whey. Protein permeation and
flux were different between the two MF membranes used. Isoelectric
point precipitation increased fl-Lg contents, but not a-L a, in the resulting
WPC (B). Minor proteins exhibited lower concentrations in WPC B and

MF WPC products.

Key Words: dairy, whey protein, delipidized concentrate, thermocalcic

aggregation, microfiltration

INTRODUCTION

Annual U.S. production of spray-dried whey protein concen-
trates (WPC) that contain >35% protein is in excess of 200
million pounds (American Dairy Products Institute, 1993). WPC
are used as nutritional and functional ingredients in food prod-
ucts. Residual whey lipids (RWL), i.e., small milkfat globules,
and phospholipoprotein complex (PLPC), impair ultrafiltration
(UF) membrane flux during WPC manufacture (Lee and Mer-
son, 1976; Hiddink et al,, 1981; Kuo and Cheryan, 1983; Pa-
tocka and Jelen, 1987), thus resulting in WPC with 4 to 6% total
lipids (Morr and Foegeding, 1990). The RWL impair function-
ality (De Wit et al.. 1986; Maubois et al., 1987; Kim et al.,
1989; Morr and Foegeding, 1990; Morr, 1992), and promote
off-flavor development during storage (Morr and Ha, 1991;
Laye, 1993; Laye et al., 1994) of WPC products.

Since commercial milk separators do not completely remove
RWL from cheese whey, additional processing is required to
manufacture delipidized WPC with <1% RWL (Morr and Ha,
1993). Several chemical pretreatment and membrane processing
methods for further delipidization of cheese whey have been
proposed. Breslau et al. (1975) suggested a whey delipidization
process based on UF at pH 3 and isoelectric precipitation of
lipoproteins. A thermocalcic delipidization pretreatment devel-
oped by Attebery (1971) involved addition of divalent metal
ions, pH adjustment and heating to enhance aggregation and
removal of PLPC. It was evaluated by Fauquant et al. (1985),
Pierre and Fauquant (1986), and Maubois et al. (1987) and mod-
ified for continuous operation by Lehmann and Wasen (1990).
The resulting PLPC aggregate has been removed from the whey
by cross-flow microfiltration (MF) (Maubois et al., 1987), by
centrifugal clarification (Kim et al., 1989), and by perpendicular
flow MF (Rinn et al., 1990).

Although MF effectively removes RWL from cheese whey
(Merin et al., 1983), it has generally led to incomplete recovery
of proteins in the delipidized permeate fraction (Hanemaaijer,
1985; Knopp, 1992). Those studies indicated that chemical pre-
treatment was required to obtain satisfactory membrane flux and
protein permeation.

The authors are affiliated with the Dept, of Food Science & Tech-
nology, The Ohio State Univ., Columbus, OH 43210-1097.

Our objective was to investigate the use of microfiltration and
chemical pretreatments to manufacture delipidized WPC with
minimal RWL, and to explore the effectiveness of chemical pre-
treatment to improve MF membrane flux and protein permea-
tion.

MATERIALS & METHODS
Whey

Commercial Swiss cheese whey was obtained from Holmes Cheese
Co. (Millersburg, OH). The milk was HTST-pasteurized at 72°C prior
to setting. The whey was drained from the cheese vat, processed through
acommercial Wes:falia milk clarifier/separator and cooled to 0-5°C. The
whey, which contained 0.43 g/L calcium and 0.42 g/L phosphorus, and
had an initial pH of 6.5-6.6, was adjusted to pH 6.0 with concentrated
HCIl and HTST-pasteurized at 72°C, cooled and stored at 0-5°C.

Whey processing

Two MF membranes were used: (1) a Romicon PM500 (500,000 MW
cut-off, pore size 3.1 pm) polysulfone tubular hollow-fiber (HF) mem -
brane with 1.3 m2surface area (Romicon Inc., Woburn, MA); and (2) a
0.135 m2 surface area ceraflo a-alumina ceramic membrane with pore
size 0.45 pm (APV Crepaco, Wilmington, MA). Inlet and outlet module
110.3 kPa and 68.9 kPa, for both mem -
(UF) was PM10
cut-off), polysulfone tubular HF membrane with 2.3 m2

pressures were respectively,

branes. U ltrafiltration Romicon
(10.000 MW

surface area. Inlet and outlet module pressures were 110.3 kPa and 82.7

performed with a

kPa, respectively.

MF and UF membrane flux were determined at the beginning of each
process and after each 10 L of permeate had been collected and ex-
pressed as L m 2hr~’. Final UF retentates were spray-dried with a Lab
S-1 spray dryer (Anhydro Inc., Attleboro Falls, MA) equipped with a
rotary atomizer nozzle operated at 33,000-37,000 rpm. Inlet air temper-

ature was 190°C and outlet 80-84°C.

Chemical pretreatment of whey

HTST-pasteurized,
pretreated in «=38 L stainless steel milk cans by a method similar to that
of Attebery (1971), as modified by Fauquant et al. (1985). Formation of
insoluble calcium phosphate aggregates in the whey was achieved by
adjusting the Ca concentration to 1.44g L 1with 0.1M CaCl2 warming
to 50°C, and adjusting to pH 7.3 with 6 N NaOH. The pretreated whey
was usually held overnight to allow calcium phosphate aggregates with

cooled and stored cheese whey was chemically

associated RW L ta settle and produce a clear supernatant layer.

WPC manufacture

Six different WPC, i.e., A, B, C, P, MF 0.1, and MF 0.45 were pro-
duced (See Figs. 1, 2, and 3).
whey obtained on different days over a period of 4 to 5 wk. All mem -

Products were made in duplicate from
brane processing was done at 45 * 5°C. The processes were designed
to produce about 5L of final retentate. Diafiltration (DF) steps were per-
formed by adding deionized water to maintain constant volume.

WPC C was made from pH 6 pasteurized whey by conventional UF
and DF processing (Fig.
adjusted to pH 3.3 with concentrated HCI by conventional UF and DF
processing (Fig. 1). WPC B was made by the method of Breslau et al.
(1975) which involved UF at pH 3 and pH 4.6, isoelectric precipitation
of PLPC (Fig. 2). WPC P was made from whey pretreated by the ther-
(1985) to remove PLPC (Fig. 2).
Both WPC MF 0.45 and MF 0.1 were made from whey pretreated by

1). WPC A was made from pasteurized whey

mocalcic method of Fauquant et al.
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Pasteurized Swiss Cheese W hey

120 L
4
readjust to pH 6
4

warm to 45°C
UF to <1/CR 20
DF retentate Witlllw 5V dist. water
adjust retentgte to pH 65
with NaOH

4
spray-dry
(WPCC)

120 L

4
adjust to pH 3 with HCI

4

warm to 45°C
UF to f'/CR 20
DF retentate Wi'?h 5V dist. water
adjust retentgte to pH 65
with lll\laOH

spray-dry
(WPC A

Fig. 1—Processing flow-chart for making WPC C and A.

Pasteurized Swiss Cheese Whey

140 L
adjust to pI-L|13 with HO
warm ?o 45°C
UF to \L}CR 65
DF retentate ng’l 3V dist. water
adjust to SH 4.6 (pi)
centrifuge gt 1,000 x g
adjust supernitam topH 3
UF to V[(lZR" 20
DF retentate witi 5V dist. water
adjust tg pH 65
with EBOH
spray-dry
WeCB)

1B L
4
add Cato 144 g/L

4

warm to 50°C
4

adjust to pH 7.3
4

store overnight at 0-5°C
to allow precipitate to settle
X

adjust supernatant to pH 6, 45°C
4
UFto VCR20
4
DF retentate with 5V dist. weter
4

adjust to pH 65
with NaOH

4
spray-dry
(WPCP)

Fig. 2—Processing flow-chart for making WPC B and P.

the method of Fauquant et al. (1985) to remove PLPC and MF fraction-
ated with 0.45-pm and 0.1-pm membranes, respectively (Fig. 3).

Volume concentration ratio (VCR) was computed as:

Volume?

Volum e dgige

Instant protein permeation ratios (PPR) were computed for 20 mL

permeate aliquots as:

ppR = Protein concentration MF pnmcaB

Protein concentrationM fecd

Total protein recovery (%) was computed for the global MF and DF

processes as:

M ean protein concentration”

Mean protein concentration,,,,,,,,,

X Volumenr.,* X
X Volum efocd

Pasteurized Swiss Cheese Whey

210 L
4
add Cato 1.44 g/L
4
warm to 50°C

adjust to pH 7.3
1

store overnight at 0-5X
to allow precipitate to settle

UP 160 L supernatant to VCR 4
at pH 6, 45X
4

MF 40 L retentate to VCR 20
with ceramic MF module

DF MF retentate with 9V dist. water
UF 56 L MF perlmeate to VCR 20
DF UF retentate with 5V dist. water
adjust to pH 6.5
spraly—dry

(WPC MF 0.45)

210 L
|
add Cato 1.44 g/L
4

warm to 50°C

adjust to pH 7.3
1
store overnight at 0-5°C
to allow precipitate to settle

UF 160 L supernatant to VCR 4
at pH 6, 45°C
1
MF 40 L retentate to VCR 20
with hollow fiber MF module

DF MF retentate with 9V dist. water
UF 56 L MF permeate to VCR 20
1
DF UF retentate with 5V dist. water

1
adjust to pH 6.5
4

spray-dry

(WPC MF 0.1)

Fig. 3—Processing flow-chart for making WPC MF 0.45 and WPC
MF 0.1.

Analytical

Total solids of spray-dried WPC powder samples were determined by
a procedure adapted from AOAC (1984). Triplicate samples were ac-
curately weighed into separate aluminum dishes, dried in a convection
oven for 16-18 hr at 100°C, cooled in a desiccator and reweighed. True
protein content of WPC was determined in triplicate by the macro-Kjel-
dahl method according to Barbano et al. (1991), using a conversion
factor of 6.38 (AOAC, 1984). Total lipid and phospholipid contents of
WPC were determined by the method of Morr and Seo (1988). Total
lipids were extracted with a mixture of methanol and chloroform (Bligh
and Dyer, 1959) and extracts were fractionated on PrepSep-Si sep-pak
columns (Fisher Scientific, Fairlawn, NJ) by the method of Juaneda and
Rocquelin (1985). Total ash contents were determined by a procedure
adapted from AOAC (1984). Triplicate Ilg WPC samples were weighed
accurately into separate porcelain crucibles, ignited in an electric muffle
furnace at 600°C, cooled in a desiccator, and reweighed. Calcium deter-
minations were made by atomic absorption spectroscopy of ashed sam -
ples using a 2-channel, double-beam IL 951 Video Il atomic absorption
spectrophotometer (Instrumentation Laboratory Inc., Wilmington, MA)
equipped with microcomputer and screen readout by the procedure of
Pollman (1991).

Protein composition

Size exclusion HPLC (SE-HPLC) was performed by the method of
Morr (1987) with a TSK.-3000 SW Spherogel column (Beckman Instru-
ments, Inc., Palo Alto, CA), using a 0.1M, pFl 6.0, phosphate buffer
containing 0.1M sodium nitrate as eluant. The column was eluted iso-
cratically at 0.5 mL/min with a 1050 HPLC system (Hewlett-Packard,
Palo Alto, CA) equipped with an autosampler, a variable-wavelength UV
detector set at 280 nm, and a Model HP 3396A integrator. Standard
solutions of immunoglobulins (lg), bovine serum albumin (BSA), (3-
lactoglobulin ((3-Lg) and a-lactalbumin (a-La) from Sigma Chemical
Company (St. Louis, MO) were used to determine retention times and
protein concentrations.

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was conducted
according to Laemmli (1970) using Tris-HCI| mini protean Il ready gels,
with a 4% acylamide stacking gel and a 12% acylamide resolving gel
(Bio-Rad Laboratories, Hercules, CA). The gels were assembled in a
Bio-Rad Mini-Protean Il unit and protein bands were stained with
Coomassie brilliant blue R-250. Low-molecular-weight standards from
Bio-Rad Laboratories (Richmond, CA) were run simultaneously to de-

termine protein molecular weight (MW ). Minor proteins were tentatively
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Fig. 5—UF membrane permeate flux as related to VCR for: (1)
pH 6.0 whey, Process C; (2)1 pH 3.0 whey, Process A; (3) 1 chem-
ically pretreated whey. Process P; and (4) I pH 3.0 whey, Process
B. alotal UF processing time.

identified according to Pallavicini et al. (1988) and Yoshida (1988).
Video images of replicate electrophoresis gels were analyzed with a Tra-
cor Northern image analysis computer (model TN8502, Tracor Northern,
M iddleton, W) to estimate minor protein concentrations using intensity

values ranging from 0 for white to 255 for black (Foster et al., 1992).

Statistical analysis

All data were analyzed by analysis of variance (ANOVA) of SAS
Institute, Inc. (1988).
difference test (Miller, 1985).

N RESULTS & DISCUSSION
Preliminary experiment

A preliminary experiment was conducted to compare protein,
i.e.,, a-La and P-Lg, permeation ratios by the 0.1-pm MF mem-
brane from 3 different processes. Each of the 3 processes was

M eans were compared using the least significant

conducted with 100 L of chemically pretreated whey: (1) a one-
step MF process to VCR 14; (2) a two-step MF process to VCR
14, i.e., MF to VCR 7, clean the membrane, and MF to VCR,dd
14; and (3) UF preconcentrate to VCR 4 and MF the UF reten-
tate to VCR,(d 14.

The UF preconcentration MF process (Fig. 4) resulted in
higher p-Lg and a-La permeation ratios than the other two MF
processes. The second step of the two-step MF process, after
membrane clearing, resulted in P-Lg permeation ratios of 0.78
and 0.56 at VCR 10 and 14, respectively. The a-La permeation
ratios were 1.17 and 1.91 at VCR 10 and 14, respectively. These
compare to initial P-Lg and a-La permeation ratios of 0.31 and
0.23 for step ore of the process, respectively. Considering the
complete processes, MF of UF preconcentrated whey resulted
in higher permeation ratios for both P-Lg and a-La (P < 0.05).
Total P-Lg recoveries for one-step MF, two-step MF, and UF
preconcentration MF processes were 10, 13 and 35%, respec-
tively, whereas total a-La recoveries for these processes were
26, 34 and 54%, respectively. The UF preconcentration MF pro-
cess resulted in higher protein permeation ratios (P < 0.05), and,
for this reason, that procedure was adopted for the remainder of
the study.

Effect of pretreatment on UF flux

Initial UF membrane permeate flux values for the four WPC
processes (C, A, B and P) were in the range of 28-34 L m~2
hr 1(Fig. 5). Whey at pH 6.0 (Process C) exhibited the greatest
membrane permeation flux reduction and, consequently, re-
quired a processing time of 4.1 hr compared to 2.3 (for P) and
2.6 (for A). Process B whey, which was preconcentrated to VCR
6.5 at pH 3 and adjusted to pH 4.6 to isoelectrically precipitate
PLPC exhibited the highest final UF membrane flux of about
18 L m~2hr-1. Whey at pH 3.0 exhibited the next highest final
UF membrane permeate flux of about 6 L m 2hr“1 These con-
firmed results of other researchers who stated that adjusting
whey to pH 3 (Lee and Merson, 1976; Patocka and Jelen, 1987),
and chemical pretreatment of whey (Maubois et al., 1987; Rinn
et al., 1990) improve UF membrane permeate flux.

%n\%%mqg I}%%re% flux and protein permeation for

Both the MF membranes displayed generally similar a-La and
p-Lg permeation ratio profiles, except during initial stages (Fig.
6). A slight decrease in permeation ratios was observed for both
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Table 1—WPC composition
WPC products*

C A B P MF 01 MF 0.45
Total solids (%) 96.41a 97.66a 96.80a 96.65a 94.19a 96.60a
True protein (%) 75.1b 75.0b 819a 77.0b 73.9b 80.30a
Lipids (mg/g) 53.09a 43.15b 20.45c 38.76b 2.65d  5.20d
Phospholipids (mg/g) 5.60a 5.66a 1.49bc 6.08a 0.42c 2.79b
Ash (%) 2.69c 4.98a 4.48b 264c 3.00c  281°
Ca (mg/g) 2.78b 0.04e 0.06e 3.89a 1.71c 0.67d

* Deta represent the means of three determinations of duplicated processes from six
different processes.
de Means within the same row bearing different superscripts differ (P<0.05).

a-La and P-Lg during collection of the first 10L of permeate
by MF 0.45, whereas MF 0.1 pm exhibited a pronounced in-
crease in permeation ratio. About 20-30% of the total permeate
is collected during this initial stage of the process, thus the ob-
served differences in protein permeation ratio would be expected

to affect total protein recovery. MF membrane permeation ratios
for both a-La and P-Lg steadily increased after collection of
about 20 L of permeate, reaching a maximum just before starting
DF and steadily decreased during the remainder of the processes
until 50 L of permeate was collected. Subsequent increases in
permeation ratios for P-Lg for both MF membranes were ob-
served. The MF 0.45 membrane gave consistently higher P-Lg
permeation ratios than MF 0.1 throughout most of the process,
whereas both membranes gave comparable a-La permeation ra-
tios.

The 0.45-pm MF membrane provided a higher P-Lg recovery
(P < 0.05) than the 0.1-pm membrane, whereas the MF 0.1 pm
membrane provided higher a-La recovery than the 0.45-pm
membrane (P < 0.05). P-Lg recovery in the permeate fraction
of the 0.1- and 0.45-pm MF membranes were 51 and 86%,
respectively, whereas recovery of a-La in the permeate fraction
of these two membranes were 75 and 63%, respectively. The
constant volume diafiltration step of the process recovered up
to 15 and 28% a-La and P-Lg, respectively.

MF 0.1-pm membrane flux for pretreated, UF VCR 4 precon-
centrated whey was higher than that for MF 0.45 pm (Fig. 7). This
difference in membrane flux resulted in a 4-fold greater processing
time for the 0.45-pm membrane than for the 0.1-pm membrane.

Chemical composition of WPC products

True protein contents ranged from about 74 to 77% for MF
0. 1, A, Cand P WPC to 80 to 82% for MF 0.45 and B WPC
(Table 1). Total lipids of the WPC ranged from 2.65 to about
53 mg/g. WPC produced by MF of chemically pretreated whey,
1 e, MF 0.1 and 0.45, contained the lowest total lipids. Com-
parison of WPC C and P indicated that chemical pretreatment,
per se, was ineffective for removing total lipids from whey. The
Breslau et al. (1975) delipidization procedure was more effective
for removing total lipids than the thermocalcic pretreatment of
Attebery (1971) (P < 0.05). WPC resulting from processes that
included both chemical pretreatment and MF steps contained up
to 95% less RWL than WPC C. Phospholipid contents of the
various WPC products exhibited generally similar trends as total
lipids. For example, WPC MF and B contained significantly
lower concentrations of phospholipids than WPC C, A, and P
(P < 0.05). Lipids/phospholipids ratios varied from 1.86 (MF
0.45) to 13.72 (B). We could not explain these differences.

Ash contents were generally similar for all WPC products.
As expected, WPC A and B contained highest ash concentra-
tions, due largely to the use of large quantities of NaOH to
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MF 0.1

MF 0.45

Fig. 8—Size exclusion HPLC patterns of WPC from the different
processes. (1) Phospholipoproteins with retention time (RT) of
13.4 min; (2) Ig with RT of 19.1 min; (3) BSA with RT = 21.3 min;
@) fl-Lg with RT = 24.2 min; and (5) a-La with RT = 26.6 min.

Table 2—Protein composition of WPC by size-exclusion HPLC
WPC products*

C A B P MF01 MF045
ig 6.60a 08l 12he 6.7a 0.3C 1.7b
SA 5.0ab 3.6ac 3.5ac 5.6a 1.2d 2 o0d
P-Lg 7450c 789 83.8a 72.1° 7898b  823a
a-la 139 167 11.5C 15.6b 19.6a 13.9hc
Ratio a/p 0.19%c 02280 0.14d 022aD 0.25a 0.17cd
* Deta (Percent of total protei mermarsoffwdeteminatimscfdpli-
(zted processes from six d|f2emn[

ddNEarswmln‘me same ruNbeanng dlfferentwperscnpts differ (P<0.05)

neutralize their UF retentate fractions to pH 6.5 prior to spray-
drying. WPC A and B, made by membrane processing at pH 3,
both exhibited extremely low Ca concentrations (in the range
0.04-0.06 mg/g). Since the chemical pretreatment used for mak-
ing WPC P and both MF WPC involved the addition of CaCl2,
higher Ca contents in those products were expected. Calcium
concentrations showed differences in the following order: P >
C > MF 0.1 > MF 0.45 (P < 0.05).

Protein composition of WPC products

SE HPLC results (Fig. 8, Table 2) for immunoglobulin con-
tents of WPC C and P (6.6 and 6.7%, respectively) were similar
to those reported by Rinn et al. (1990). All other WPC contained
lower 1g concentrations, ranging from 1.7% (MF 0.45) to 0.3%
(MF 0.1) (P < 0.05), due probably to removal of this large
molecular weight, i.e., > 146 kDa (Morr and Ha, 1993), protein
by MF processing and by processing associated with the Breslau
et al. (1975) method. BSA concentrations ranged from 3.5 to

P A B CS MisMa

Fig. 9—SDS gel electrophoresis patterns of WPC proteins from
six different processes: Xanthine oxidase (XO, 150 kDa), lacto-
peroxidase (LA, 89 kDa), BSA (66 kDa), 1gG heavy chain (57 kDa),
nonidentified protein (IN, 30 kDa), |3-Lg (18 kDa), and ct-La (14
kDa); S (standards).

120
80

40

M. W, (kDa)

Fig. 10—Minor protein composition profile of WPC from seven
different processes. a“'ctMeans (n = 4) within the same molecular
weight (MW) category bearing different letters differ in concen-
tration (P < 0.05).

5.6 for all WPC except MF 0.1 and 0.45, due also to the likely
removal of this large-molecular-weight (i.e., 66 kDa) protein
during MF fractionation. On the other hand, thermocalcic pre-
treatment did not affect the concentration of either of these 2
whey proteins. a-La mean concentration values ranged from
115 to 19.6% and (3-Lg values ranged from 72.1 to 82.3%.
WPC B and MF 0.45 exhibited highest (3-Lg levels while WPC
P had the lowest (3-Lg value. The highest a/(3 ratio was obtained
for WPC MF 0.1 (0.25) and the lowest a/(3 ratio was for WPC
B (0.14). Comparing WPC A and B for contents in (3-Lg and
a-La showed that pi precipitation resulted in increased (3-Lg and
decreased a-La. As expected, WPC MF 0.45 resulted in a lower
content in a-La and a high content in (3-Lg compared to WPC
MF 0.1, in agreement with the better permeation ratios of a-La
for process MF 0.1 and (3-Lg for process MF 0.45 (Fig. 6).
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SDS-PAGE patterns (Fig. 9) provided apparent confirmation
of the relative concentrations of the 4 major whey proteins in
each of the WPC products; however, these proteins were not
quantified. Minor protein bands presumed to be xanthine
oxidase (150 kDa), lactoperoxidase (89 kDa), and an unidenti-
fied 30 kDa protein were semi-quantified by image analysis (Fig.
10). Intensity values for the 150 kDa protein band were highest
for WPC C and P and lowest for WPC B. WPC C, A and P
contained the highest concentrations of 89 kDa protein, whereas
WPC MF 0.1 had the least. Concentrations of the 30 kDa pro-
tein, in descending order, were in WPC P, A, C, B and the two
MF WPC products. These minor proteins generally were in
lower concentrations in WPC MF 0.1 and B (P < 0.05).

CONCLUSIONS

Microfiltration in conjunction with chemical pretreatment
was feasible to produce WPC containing as low as 0.2% lipids.
Pretreatment involving pi precipitation of PLPC was more ef-
ficient than thermocalcic aggregation for residual lipid removal.
Flowever, pi precipitation was successful only after UF precon-
centration to VCR 6.5. Protein permeation and flux results
showed that optimization of MF processing is needed.

Further work will assess improvements in functional proper-
ties and flavor stability of these delipidized WPC products and
assess potential uses of MF retentate fractions with higher Ig
and BSA.
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Zymogen Activation in Pancreatic Endoproteolytic
Preparations and Influence on Some Whey Protein
Hydrolysate Characteristics
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ABSTRACT

A proteolytic preparation from porcine pancreas was isolated. Trypsin,
chymotrypsin and elastase were characterized and their time-dependent
stability at 37°C was studied. The supernatant ofa 30% (w/v) saturated
ammonium sulfate precipitation of a pancreatic extract (30S) was de-
veloped to pilot-scale level. The influence of zymogen activation time
on molecular characteristics of whey protein hydrolysates produced by
30S and the commercial pancreatic preparation Corolase PP were com -
pared.
used to characterize lactalbumin hydrolysates produced.

Amino acid analysis and gel permeation chromatography were
Physicochemi-
cal characteristics of whey protein hydrolysates could be altered by ma-
nipulation of zymogen activation conditions in pancreatic proteinase
preparations to be used during subsequent protein hydrolysis.

Key Words: whey protein, hydrolysates, endoprotease, zymogen acti-

vation

INTRODUCTION

Enzymatic modification of proteins using selected proteo-
lytic enzyme preparations to split specific peptide bonds is
widely used in the food industry (Godfrey and Reichelt, 1983;
Adler-Nissen, 1986; Fox, 1991; Arai and Fujimaki, 1991). Whey
proteins enzymatically hydrolyzed with trypsin and chymotryp-
sin show better solubility and in vitro digestibility than their
chemically treated counterparts (Lakkis and Villota, 1992). The
choice of substrate, protease employed and degree to which the
protein is hydrolyzed affect physicochemical properties of re-
sulting hydrolysates. By controlling reaction conditions during
enzymatic hydrolysis of milk proteins, hydrolysates with differ-
ent solubility and emulsifying characteristics (Turgeon et al.,
1992), foaming properties (Kuehler and Stine, 1974) or taste
(Murray and Baker, 1952; Poulsen, 1987; Vegarud and Langs-
rud, 1989) have been produced.

The degree to which milk proteins are hydrolyzed depends
on the intended use for the hydrolysate. Low degrees of hy-
drolysis are desirable for maintaining functional properties. Ex-
tensive hydrolysis may be necessary when the hydrolysate is to
be used for specific purposes such as chemically defined or hy-
poallergenic infant formula (Merritt et al., 1990; Thibault,
1991). Mixtures of proteases which have complementary spec-
ificities may be used to attain a required degree of hydrolysis.
The number and ratio of proteolytic activities is critical to the
final hydrolysate characteristics. The proportions of different
proteinases, such as trypsin to chymotrypsin and the presence
or absence of exopeptidases, such as carboxypeptidase B, may
be important in the production of hypoallergenic hydrolysates
(Thibault, 1991), or those with reduced bittemess (Fullbrook et
al., 1987; Plainer and Sprossler, 1990).

Little information has been published which relates critical
ratios of proteinase/peptidase activity of commercial proteases

Authors I\/IuIIaIIy, O'Callaghan, FitzGerald, and Donnell are with
Teagasc, National Dairy roducts Research Centre repark,

Fermoy, Co. Cork, Ireland Author Dalton is with the School of
E:I%oglcal Sciences, Dublin City Univ., Glasnevin, Dublin 77, Ire-

used for hydrolysis of milk proteins to physicochemical char-
acteristics of the final hydrolysate. Many groups have devised
processes for production of milk protein hydrolysates using
commercial pancreatic proteases, i.e., for clinical nutrition
(Grimble and Silk, 1989; Maubois and Leonil, 1989), hypoal-
lergenic and special dietetic products (Jost et al., 1988; Asselin
et al., 1988, 1989; Thibault, 1991). However, the choice of en-
zyme preparation has usually been based on empirical screening
or random selection.

Published methods for purification of pancreatic proteinases
have mainly focused on isolation of individual enzymes with
elimination of other activities (Bergmann and Fruton, 1941;
Northrop et al., 1948; Lewis et al., 1959; Balls, 1965). Purifi-
cation, physical and chemical properties of both the zymogen,
and active forms of pancreatic proteinases have been reviewed,
i.e., trypsin (Northrop et al., 1948; Desnuelle and Rovery, 1961;
Hakim et al., 1962; Vestling et al., 1990), chymotrypsin (Wil-
cox, 1970), elastase (Hartley and Shotton, 1971; Gertler et al.,
1977). Limited studies have been published on the enrichment
of a mixture of pancreatic enzymes where the activity of all
enzymes was retained, or where a desired ratio of proteinases
was required to mimic the in vivo digestive system. Prior to any
pancreatic protease development, factors governing the specific
activity of the proteolytic enzymes must be considered. Specific
activities can be influenced by many factors. These include ac-
tivation of one enzyme by another (Desnuelle and Rovery,
1961); autolysis/degradation (Vestling et al., 1990); presence or
absence of metal ions; hormonal activators in the tissue source
(Padfield and Case, 1987), reverse feed-back mechanisms in the
diet (Dagom and Lahaie, 1981) and species differences (Mar-
chis-Mouren, 1965).

Our study considered stability (Vestling et al., 1990; Vithay-
athil et al., 1961; Buck et al., 1962; Hakim et al., 1962) and
activation of the zymogen forms of proteolytic enzymes of por-
cine pancreas (Desnuelle and Rovery, 1961). This tissue was
chosen for this study as it is known that porcine trypsin has
better stability with respect to heat, influence of metal ions and
pH changes (Buck et al., 1962). Furthermore, porcine pancreatic
proteases have similarities with pancreatic proteases of human
origin (Clemen:e et al., 1972; Gertler et al., 1977; Largmann et
al., 1976).

Our objective was to develop methods for isolation and ac-
tivation of porcine pancreatic proteolytic preparations. These
preparations were compared with commercial proteases. Effects
of the enzyme isolation and activation conditions on the devel-
opment and associated physicochemical properties of whey pro-
tein hydrolysates were compared.

MATERIALS & METHODS

M aterials

Commercial pancreatic proteases were gifts from manufacturers. Coro-
lase PP (porcine) was supplied by Rohm GmbH,
PTN 3.0S (porcine) and PEM 2500S (porcine) were supplied by Novo
Nordisk A/S,
tained from Sigma Chemical Co.,

Darmstadt, Germany.

Bagsvaerd, Denmark. Bovine trypsin (Type XIl) was ob-
Poole, Dorset, UK. Amino-methyl-cou-

marin (AMC) and the fluorogenic substrates for elastase, chymotrypsin
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and trypsin, were acetyl-ala-ala-pro-ala-AM C, N-succinyl-leu-leu-val-
tyr-AMC and N-benzoyi-L-arg-AMC, respectively, obtained from
Bachem, Bubendorf, Switzerland, Lactalbumin (Alatal-560) was from

New Zealand Dairy Board, Wellington, New Zealand. It is an insoluble

its manufacture has been described
(Robinson et al., 1976; Mulvihill, 1992). The standard proteins and pep-
tides for FPLC were from Sigma and were as follows:
(2,000,000 Da), Immunoglobulin G (150,000), bovine
(67,500). p-lactoglobulin (36,000), a-lactalbumin (14,700), insulin chain
B (3,494), DL-tryptophan 1204), L-tyrosine (181), L-arginine (174). Re-
agents and standards for amino acid analysis were obtained from Beck-
U.K. All

analytical grade unless otherwise specified.

heat-denatured whey protein and

Blue dextran

serum albumin

man Instruments, High V/ycombe, other reagents were of

Preparation of pancreatic enzyme extracts

Extraction and ammonium sulfate fractionation. initial steps in the
method of Kunitz, as outlined by Laskowski (1956), were used and sev-
eral modifications were made to account for scale-up. Fresh pancreas
(5.25 kg) was from Cappoquin Meats Ltd. (Pork and Bacon Processors,
Cappoquin, Co. W aterford) which was stored cold during transit to the
immersed in ice-cold 0.125M H ,S04. Fat was

trimmed from pancreatic tissue, which was chopped and then macerated

laboratory and was then

in a Waring blender for 5 sec. The macerated tissue was suspended in
0.125M H,SOj (1:1 volume ratio of tissue to acid solution). M acerated
tissue (=5L Sample A) was obtained and this was stirred at 4°C over-
in an equal volume of cold 0.125M H ,S04. The sus-
pension (10L) was filtered through one

night at 130 rpm
layer of synthetic cheese cloth
and the filtrate (5.2 L) was collected. Residual tissue was further mac-
erated, using a large-scale blender, for 3 min and was again stirred over-
equal of 0.125M H;S04. The suspension
centrifuged at 1900 X g (Mistral 6000, M SE Scientific Instruments,
Crawley, West Sussex, U.K.) for 10 min at 0°C and the supernatant was

night in an volume was

combined with the previous filtrate to give a total extract volume of

10.95 L (Sample B). Several ammonium sulfate precipitations were car-
ried out on 100-mL aliquots of this filtrate for initial studies. Saturated
ammonium sulfate (SAS) solution was added to Sample B at 4°C from
a separating funnel at a flow rate of40 mL/min, with continuous stirring.
The mixture was allowed to stand for 30 min and then centrifuged for
20 min at 10,000 X gat 0°C. The supernatant of the SAS fractionation
was designated S (for example, 30S refers to the supernatant of the 30%
ammonium sulfate precipitation of Sample B).

Desalting and concentration of protein in 30S preparation. in a
the 30%

sulfate precipitation (30S) was vacuum -filtered on a Buchner

larger-scale experiment the supernatant (1000 mL) from am -
monium
funnel through W hatman no. 4 and no. 1 filter papers, consecutively, to

remove suspended solids. An Amicon® (CH,A Concentrator, Arnicon
Ltd., Stonehouse, Gloucestershire, U.K.) hollow-fiber ultrafiltration sys-
tem was then used to desalt and concentrate the protein. Inlet pressure
was maintained at =0.7 kg/cm2 and the pump speed setting was main-
tained between 4-5. An Amicon® hollow-fiber membrane with a molec-
ular weight cut-off of 30,000 Daltons and surface area of 0.06 m2 was
used (HIP 20-30 Serial no. 0032-1A120). A constant permeate flow rate
of =7 mL/min was maintained during continuous diafiltration with 2.5
L distilled FLO before the retentate was reduced to 200 mL (i.e., volume
concentration reduction = 5). Samples from the permeate and retentate

streams (=5 mL) were removed at intervals and assayed for trypsin
activity. The degree of diafiltration was monitored using continuous con-
ductivity measurements (Philips PW 9509 digital conductivity meter, Pye

Unicam Ltd., Cambridge, U.K.).

Activation of zymogens

Initial experiments were carried out on Sample B and 30S to deter-
mine the activation/deactivation rate of principal endoproteinases. These
fractions were buffered with 0.1 M Tris-HCI, pH 7.0, containing 100
mM CacCl, taking one volume protein solution and mixing with 9 vol-
umes of Tris buffer. The protein suspension was adjusted to pH 7.0 and
further diluted 1.45-fold using Tris buffer. Exogenous trypsin.
type X1l (1 mg/mL), was then added at 2% (v/v). A
was also used (i.e., sample without added trypsin). Subsamples (300 pL)

Sigma
negative control

of both extract fractions were taken at 1-hr intervals, frozen immediately
and later assayed for trypsin, chymotrypsin and elastase using a modi-
1977). To
determine the effects of ammonium sulfate on elastase activity, a sample
of 30S was desalted using a PD-10 Sephadex G25 column (Pharmacia

fication of the standard fluorogenic assay (Zimmerman et al.,

LKB, Biotechnology Ltd., Uppsala, Sweden). Further studies were also

carried out on desalted, concentrated 30S samples. Aliquots of these

were activated, as above, for different times at 37°C (4, 16, 20, 28, and
44 hr), prior to freeze-drying. The enzymatic activity of trypsin, chy-
motrypsin and elastase was determined in 10 mg/mL solutions of each

freeze-dried sample for different activation times. A concentrated de-
salted 30S sample was activated for 4 hr in the presence and absence of
calcium chloride (30Snc) to determine the effects of Ca2+ ions on the

activation/de-activation of the endoproteinases. Freeze-dried samples

were stored in plastic containers at —20°C.

Pretreatment of Corolase PP preparation

Before hydrolysis of lactalbumin with Corolase PP. aliquots of this
preparation (10 mg powder/mL) were incubated at 37°C for different

time intervals (4, 16, 28 and 44 hr).

Quantification of enzyme activity

Specific activity. Enzyme activities were assayed using a modification
of the 1977). Aqueous
solutions of commercial proteases and freeze-dried 30S (10 mg powder/
mL) in addition 100 mL) and
(brought to 250 mL) from different SAS precipitations were centrifuged

standard fluorogenic assay (Zimmerman et al.,

to pellets (redissolved to supernatants
at 13,000 rpm (M icrocentaur, M SE Scientific Instruments, W est Sussex,
U.K.) for 10 min. Twenty |iL of supernatant was added to 980 pL of
0.01M Tris-HCI buffer, pH 7.0, containing 0.02 mM
The substrate-enzyme mixture was incubated at 37°C for

specific substrate.
1 hr. The re-
action was stopped by the addition of 1 mL of 1.5M acetic acid and
fluorescence was measured on a Perkin Elmer 1000 Spectrofluorimeter
(Beaconsfield, Bucks, U.K.) at excitation and emission wavelengths of
360 nm and 440 nm, respectively. Activity units were defined as pmoles
AMC/min/mg protein or pmoles AMC/min/total volume in each fraction.
All enzymatic analyses were carried out in duplicate.

Total proteolytic activity. we used a modification of a previous
1991). Ten mL of 0.4% (w/v)
azocasein in 0.02 M Tris/HCI buffer pH 8.0 was added to 1 mL enzyme

method (Garcia de Fernando and Fox,
solutions (0.01-1.00 mg/mL, i.e., sufficient to establish a linear activity
response) and
by adding 2 mL 12% (w/v) trichloroacetic acid (TCA) to an equal vol-

incubated at 50°C for 15 min. The reaction was stopped
ume of reaction mixture. The mixture was filtered through W hatman
no.40 filter paper and the absorbance at 440 nm of the supernatant was
measured using a Cary 1/3 UV -V IS spectrometer (Varian Ltd, Mulgrave,
Victoria, Australia). One unit of activity was defined as that amount of
activity which gave a change of 1 absorbance unit at 440 nm/min/mg of
enzyme preparation. For the ammonium sulfate

precipitation experi-

ments, endoproteolytic activity in the pellet and

in the

supernatants was ex-

pressed as a percentage of total activity starting material, i.e..

Sample B.

Preparation of hydrolysates

A 25-mL
with individual protease preparations at 50°C, pH 8.0, for 240 min. The
pH was maintained constant by continuous addition of 0.5M NaOH us-

solution of lactalbumin, 8% (w/v) protein, was hydrolyzed

ing a pH-stat (Metrohm Ltd, Herisau, Switzerland). The degree of hy-
drolysis (DH, %), defined as the percentage of peptide bonds cleaved,
was calculated from the volume and molarity of NaOH used to maintain
constant pH (Adler-Nissen, 1986). Following hydrolysis, proteases were
inactivated by heating at 80°C for 30 min. Hydrolysates were then cooled

and stored at -20°C for further analysis. The DH was calculated as
follows:

DH (%) = B X Nb X 172 X 1/MP X I/hig X 100
where B = volume of NaOH consumed (mL); Nb= normality of NaOH;

a-= average degree of dissociation of the a-NH 2groups at pH 8.0 and
50°C; MP =

in the protein substrate (m eqv/g protein). The hlol value, 8.8 meqv/g for

mass of protein (g); htot = total number of peptide bonds
whey protein, and values of 1/a for various pH-temperature combina-
tions were those given by Adler-Nissen (1986). The enzyme-to-substrate
ratio (E:S) for lactalbumin hydrolysis experiments was calculated on the
basis of (1) weight of enzyme preparation to weight of protein in the
substrate, (2) total proteolytic activity units in the enzym atic preparation
to weight of protein in the substrate, (3) tryptic activity (pmoles AMC/
min/mg protein) in enzyme preparation to weight of protein in the sub-
strate, or (4) protein in the

substrate (Table 3).

in enzyme preparation to weight of protein
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Table 1—Activity3 of trypsin, Chymotrypsin and elastase in supernatants of
ammonium sulfate purification fractions, expressed as percentage of total
activity in the starting material (Sample B)

Purification Total activity (%)

fractions Trypsin Chymotrypsin Elastase
SampIeB 100.0 100.0 100.0
20S _b 70.3 66.7
30S 95.0 337 37.8
30S (desalted) - - 376
35S 87.7 20.0 417
40S 73.6 197 0.0
SOPs — — 474

3 using fluorogenic assays as described in Materials and Methods section.
b not determined
¢ P refers to pellet fraction.

Table 2—Total proteolytic activity, final DH (after 240 min), and E:S ratio
for lactalbumin hydrolysis experiments using commercial pancreatic prep-
arations, pretreated Corolase PP and pancreatic extracts after different ac-
tivation times

Total
proteolytic

activity  Activation Pretreatment Final
Proteolytic (units/min/ ~ time time E:S DH
samples mg prepn) (hr) (hr) ratios (%)
PTN 3.05 0.16 — 0 e 8.83
PEM 2500S 0.90 - 0 - 857
Corolase PP 0.15 0 13.83
Corolase PP - - 4 0.02 131
Corolase PP - - 16 0.02 10.73
Corolase PP - - 28 0.02 9.82
Corolase PP — — 4 0.02 6.08
Pancreatic
extracts
Sample B — 4 0 0.20 4.09
30Snch - 4 0 0.02 6.31
308 - 4 0 0.02 581
30S - 16 0 0.02 8.44
30S - 28 0 0.02 747
30S — 4 0 0.02 761

aE:S ratio was calculated on the basis of weight of preparation to protein in the sub-
strate.

b30S nc - preparation activated in the absence of calcium ions.

¢ E:S ratio was on the basis of total proteolytic activity units to protein in the substrate
(i.e. 0.16 Azocasein units/g protein).

Characterization of hydrolysates

All protein, molecular size distribution and amino acid analyses were
carried out in duplicate.

Protein (nitrogen) determination. Total protein (N X 6.25) of pan-
creatic preparations and of whey protein (N X 6.38) was determined by
the micro-Kjeldahl method (AOAC, 1980).

Molecular size distribution of peptides in lactaloumin hydroly-
sates. A fast protein liquid chromatography system (FPLC) fitted with a
Superé6se
Ltd.,
peptides in lactalbumin hydrolysates. The column was eluted at 1 mL/
min using 0.1M Tris-HCI buffer, pH 7.0, containing 0.1 M NaCl and
10% (v/v) methanol.
0.25%

12 gel permeation column (Pharmacia LK.B Biotechnology

Uppsala, Sweden) was used to monitor the size distribution of

Hydrolysates were diluted in elution buffer to
(w/v) protein, filtered through a W hatman 0.45 pm PS syringe
filter and 100 pL was applied to the column in duplicate. Eluate was
continually monitored at 214 or 280 nm using two single-path monitors
(Uv-1,
handling system

Pharmacia) and data were recorded using a Minichrom® data
(VG. Data Systems, Altrincham, Cheshire, U.K.). A
molecular weight calibration curve was prepared from the average re-
tention volumes (Rv) of standard proteins and peptides.

Free amino acid analysis of hydrolysates. Hydrolysates were depro-
(w/v) TCA with sample and
holding at room temperature for 30 min before centrifuging at 13,000

teinized by mixing equal volumes of 24%

rpm (Microcentaur, M SE Scientific Instruments, Crawley, West Sussex,
U.K.) for 10 min. Supernatants were removed and diluted with 0.2 M
sodium citrate buffer, pH 2.2, to give «=25 nmoles of each amino acid
residue per 50 pL injection volume. Amino acids were analyzed on a
12 cm X 4 mm cation exchange column (Na+ form) using a Beckman
6300 amino acid analyzer (Beckman Instruments Ltd, High Wycombe,
U.K.). Standard amino acids were used to calibrate the analyzer (see

M aterials).

RESULTS & DISCUSSION

Although porc ine trypsin is more thermostable than bovine
trypsin (Lazdunski and Delaage, 1965), both are subject to au-
tolysis. Porcine trypsin is denatured at 55°C, but it has been
shown that, in the presence of whey protein as substrate, the
enzyme retained >70% activity after 1 hr at 55°C (Buck et al.,
1962; Jost et al., 1977). Trypsin is important, not only for its
intrinsic activity but also in its activation of the other zymogens
in the pancreas (Desnuelle and Rovery, 1961; Peanasky et al.,
1969) and control of its activation can determine the extent of
hydrolysis by pancreatic proteases. Chymotrypsin and elastase
can also act as substrates for themselves and for each other. In
addition, each pancreatic proteinase can again have different ac-
tive forms which relates to the activation procedure employed
(Wilcox, 1970; Martinez et al., 1981; Puigserver et al., 1986;
Vestling et al., 1990; Guash et al., 1992). With a selected ratio
of endoproteolytic activities during the activation process, in the
presence of substrate (i.e., whey protein) such activities can be
stabilized as the protein substrate will act as a protective agent
(Jost et al., 1977).

monium sulfate fractionation of pancreatic
ENCopIOteINaSes

At 35% SAS almost 90% trypsin, 20% chymotrypsin and
>40% elastase original activities remained in solution (Table
1). Preliminary experiments showed that only proteolytic solu-
tions with conductivity values less than that corresponding to a
1% ammonium sulfate solution would freeze-dry efficiently. The
recovery of freeze-dried 30S proteolytic preparation was ~ 84g/
kg pancreatic tissue. Trypsin activity was used as an index of
activation. When the 30S preparation (10 mg/mL powder) was
activated for 4 hr, it had 24 times less trypsin activity (pmoles/
min/mg protein) than the commercial preparation PTN 3.0S
(50.4 pmoles/min/mg protein).

Activation of pancreatic zymogens

The stability of trypsin, chymotrypsin and elastase, in addition
to possible exopeptidase activities, appeared to be dependent on
the duration of the activation procedure and factors such as stor-
age conditions of the active product. Storage of the zymogen
form of any of the proteolytic mixtures in 0.01M Tris-HCI buf-
fer, pH 7.0, containing 100 mM CacCl, for 2 days at 4°C resulted
in an increase in trypsin and chymotrypsin activity. However,
after incubation at 4°C over 56 days in the same buffer, a
decrease in activity of these enzymes was observed. Activation
of both trypsirogen and chymotrypsinogen appeared to be en-
hanced following freezing and thawing at —20°C. Possibly
freeze-thaw action may disrupt cells/granules resulting in release
of zymogen form which is then activated or, alternatively, freez-
ing may favor the formation of a specific optical rotatory form
which would speed up the activation process (Walsh, 1970;
Keil, 1971). We observed that holding extract fraction solutions
at 37°C for 24 hr resulted in decreased activity for elastase and
chymotrypsin.

In our study the activation of porcine proteolytic preparations
was not dependent on the provision of Ca ions. The activation
effect of Ca is less pronounced in porcine trypsin then in bovine
trypsin (Lazdunski and Delaage, 1965; Abita et al., 1969). In-
terestingly, 30S preparation activated in the absence of Ca
(30Snc) had a slightly higher DH value at 240 min than the
sample activated with these cations (Table 2), though the lac-
talbumin hydrolysis curves were similar (Fig. 1). The 30Snc also
produced a hydrolysate with more peptides in the <570 Da
molecular weight range. Though trypsin activity levels in both
preparations were the same, inclusion of Ca ions in the activa-
tion process nay influence the formation of certain types of
active enzyme products (Abita et al., 1969; Smith and Shaw,
1969; Vestling et al., 1990).

Volume 60, No. 2, 1995—JOURNAL OF FOOD SCIENCE—229



ACTIVATION OF ZYMOGEN & EFFECT ON WPH. ..

3500 220000
(@ »*
d 200000
3000
g 180000
2500 e 160000
1140000
2000
1120000
15007 100000 0
g
1000 - 80000 5
60000 2
S(X) —
- 40000 %
............ :’
0 20000 o~
-
o

n oNy

omodg

Trypsin and elastase (umoles AMC/min/mg protein)

0 240

480 720 960 1200

Activation time (min)
Fig. 1—Specific activity of trypsin —3—, chymotrypsin.....0-----
and elastase —o— using fluorogenic substrates (p moles AMC/
min/mg protein) in the extraction fractions, Sample B (a) and the

)
dilute form of 30S (b) over time at pH 7.0 and 39°C.

Activation of pancreatic proteinases was independent of ex-
ogenous trypsin addition. However, activation was slower if not
initiated by trypsin, as shown previously (Desnuelle and Rovery,
1961). During activation, time-dependent changes occurred in
the ratios of pancreatic endoproteinases in Sample B and 30S
during 37°C incubation [Fig. 2 (a) and (b)]. Each proteinase
activity reached a maximum at different times. In sample B,
trypsin activity started to increase in a linear fashion after 300
min incubation, reaching maximal activity after 1220 min in-
cubation. In the absence of exogenous trypsin, however, this was
delayed by 125 min. In sample B, the ratio of trypsin to chy-
motrypsin and elastase after 1220 min incubation was in the
order of 17:740:1 pinole AMC/min/mg protein. After that time,
the trypsin activity began to decrease. Chymotrypsin activity
reached a maximum after 240 min after which the activity
started to decrease reaching 149,235 pmoles/min/mg protein at
1225 min. Elastase activity appeared to remain constant after
245 min. The activity of the endoproteinases differed greatly in
the dilute solution of saturated ammonium sulfate, i.e., 30S [Fig.
2 (b)] from that in the crude sample B [Fig. 2 (a)]. Trypsin
activity increased and reached a maximum at ~ 650 units after
600 min and remained stable close to this level over an extended
period. Chymotrypsin activity was very unstable during 37°C
activation of the 30S fraction. The activity decreased rapidly
from the beginning of the process. After 600 min the endopro-
teinase activity ratios were as follows: trypsin: chymotrypsin:
elastase (625:38,000:1). Minimal elastase activity was detected.

Chymotrypsin and elastase appearred to autolyze or deacti-
vate at a faster rate than trypsin [Fig. 2 (b)]. The low levels of
elastase activity [Fig. 2 (b)] could be attributed to dilution of
stabilizing influences which may prevent autolysis. Ammonium
sulfate and other salts are known to inactivate elastase activity
(Lewis et al., 1959; Lamy et al., 1961; Gertler and Birk, 1970).

14.00

12.00

Degree of hydrolysis (%)

T
210 240

Time (min)

Fig. 2—Time course hydrolysis of lactalbumin by extraction frac-
tion Sample B and 30S, at different activation levels: Sample B
(4 hr) —3—; 30S (4 hr) ; 30S (16 hr) —o— 30S (28 hr)
— ;30S (44 hr) —A— and 30Snc (4 hr).....0...... , (activated

in the absence of Ca ions). Reaction conditions: 8% (w/v) sub-
strate cone; E:S (as in Table 2), pH 8.0, 50°C.

In our study, removal of ammonium sulfate by desalting had no
effect on elastase activity (Table 1); however, de-activation of
elastase activity may have occurred prior to desalting.

A concentrated, desalted 30S fraction was used for further
study on the effects of activation time on endoproteolytic activ-
ities. By extension of activation time, the ratios of endoprotei-
nases was changed (Table 3). Furthermore, the hydrolysis curves
(Fig. 1) and the products (Table 4 and 5) from these proteolytic
preparations used in the hydrolysis of lactaloumin were different
for each activation time (Table 4).

Characterization of lactalbumin hydrolysates
Final percentage degrees of hydrolysis and molecular dis-

trIOULION. The hydrolysis curves obtained on incubation of lac-
talbumin with sample B (Fig. 1) were compared with those using
concentrated desalted and activated 30S freeze-dried prepara-
tions (Fig. 3) and commercial proteases (Fig. 4) under different
conditions. The molecular weight distribution data (Table 4) are
averages for two elutions of a given hydrolysate. Peak areas for
a specific molecular weight range were expressed as percentage
of total peak area obtained at 280 nm.

The 30S extract had more activity on lactalbumin than sample
B as seen from the higher degree of hydrolysis obtained after
incubation for 240 min (Fig. 1 and Table 2). Sample B hydro-
lysate showed a low % DH after 240 min as compared to 30S.
However, the E:S ratio for sample B used in hydrolysis was
calculated on the basis of protein, whereas the other preparations
were used on the basis of weight of powder. Sample B hydrol-
ysates displayed large peak areas corresponding to peptides
within the molecular weight ranges of 13,300-570 Da (28.3%).
Less material was produced in the <570 Da region. In com-
parison to the cruder Sample B profile, the 30Snc activated for
4 hr showed a reduction in peak area in the 13,300-570 Da
range and an increase in peak area corresponding to <570 Da
region. The peptide distributions for 30S and 30nc were differ-
ent. Considerably less peptides occurred in the 13,000-570 Da
molecular weight region for 30Snc than for 30S.

We studied different activation times as a means of producing
a specific ratio of endoproteinases. Hydrolysates produced using
these preparations revealed significant changes in molecular
characteristics, i.e., with respect to % DH (Fig. 1), molecular
weight distribution of peptides (Table 4), and levels of free
amino acids generated (Table 5). As activation time was in-
creased the final % DH increased up to 16 hr (Table 2). At
longer activation times, i.e., 28 and 44 hr, the final % DH was
decreased. When the 30S activation times were increased, i.e.,
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Fig 3—Time course hydrolysis of lactaloumin by Corolase PP
preparations pretreated at different times: Chr —o—; 4hr — A—;
16hr —o-—; 28hr....0...... ; 44hr —3— (indicated in Table 2).
Reaction conditions: 8% (W/v) substrate cone; E:S (as in Table 2),
pH 8.0, 50°C.

Table 3—Proteolytic activity (hmoles AMC/min/mg protein) after different
activation times for the concentrated, desalted 30S preparation

Trypsin Chymotrypsin Elastase
Activation
time (hr) pmoles AMC/min/mg protein
Oa — — —
4 210 879.63 0.30
16 39.90 1008.23 041
28 52.80 1440.33 051
44 84.90 1152.26 031

3lInthe ahbsence of activation, no endoproteolytic activity wes detected.

Table 4—Molecular weight distribution (% . of protein components in lac-
talbumin hydro dysates prepared using commercial pancreatic protease
preparations and pancreatic extracts activated for different times, E:S ratio
as given in Table 2

Molecular weight range (Da)

29,200-13,300  13,300-570 < 570

Commercial ~ Pretreatment

prepn time (hr)

Corolase PP o hr 026 + 0.072 698 * 067 9290 * o.12
Corolase PP 4 hr 068 + 029 1775t 010 8152 £ 0.09
Corolase PP 16 hr 094 + 005 2179+ 036 77.10 % ¢.20
Corolase PP 28 hr 058 + 0.36 24.88 + 0.03 74.40 + 0.09
Corolase PP 44 hr 038 + 0.00 3254+ 014 67.10 £ 0.82
PTN 3.08 o hr 0.01 * 0.01 2500 * 142 7501 * o.20
PEM 2500S o hr 0.00 £ 0.00 2346 * 0., 7643 £ 0.22
Pancreatic Activation

extracts time (hr)

Sample B 4 hr 0.01 £ o001 2832 £ 053 76.13 + 216
30S ncs 4 hr 0.01 * o0.01 1570 + 002 8392 + 0.03
30S TPA 4 hr 0.04 + 001 145 + ... 9812 = 0.05
30S 4 hr 0.00 £ 0.00 2695 * 030 7277 £ 0.1
308 16 hr 0.00 + 0.00 2252+ 016 77.18 £ 0.33
30S 28 hr 005+ 005 202: t 083 7975 % 0.22
308 44 hr 0.00 + 0.05 1001 * 009 8999 + 0.56

aIntegrated peak areas between defined elution volumes corresponding to particular
nolecular weight distribution wes calculated using Mnidron®

b IVean value from 2 repetitions + standard deviation.

cPrateolytic extract activated in the absence of calcium iors.

16, 28 and 44 hr, a corresponding increase in hydrolytic activity
occurred (Table 3). Note the small reduction of peak area within
the 13,300-570 Da range (Table 4). The high final % DH of
30S (16 hr) was apparently contradictory to other data (Table
4). The preparations 30S (28 hr) and 30S (44 hr), which had
lower final % DH values, had higher hydrolytic activity in the
13,300-570 Da range. This may indicate the formation of dif-
ferent active forms of proteinases during activation of those
preparations (Vestling et al., 1990).

2
3

Degree of hydrolysis (%)

4004

0 30 6‘0 9'0 léO l;() l;lO 2{0 240
Tine (i)

Fig- 4—Time course hydrolysis of lactaloumin by commercial

preparations without pretreatment Corolase PP —o—; PTN 3.0S

<>eeq : PEM 25C0S —3— (indicated in Table 2), as a function of

time. Reaction conditions: s % (w/v) substrate cone; E:S (as in Ta-

ble 2), pH 8.0, 50°C.

Table 5—Free amino acids (mg/g protein) in lactalbumin hydrolysates pre-
pared using pancreatic extracts activated for different times

Aminr. Sample B 30S ncb 30S 30S 30S 30S
acid 4 4 16 28 4

JRNEN

Asp
Thr
Ser
Glu
Pro
Gly
Ala
Met
Val
Me
Leu
Tyr
His

EEERENE-INEEN
(2]
o
w
(2]
o
REREIEN

—  ol5

Lys .
Trp — — —
Arg

3not detected
b30S ne = 30S preparation activated without calcium

Table «—Free amino acids (mg/g protein) in lactalbumin hydrolysates pre-
pared using commercial preparations pretreated Corolase PP

Corolase PP

Amino PTN PEM Pretreatment time (hr)

acid 3.08 25008 0

Asp _a _ 047 043 037 033 023
Thr — — 108 101 058 049 0.29
Ser — — 1.86 2.21 118 104 0.63
Glu — — — 0.02 0.12 0.10 —_
Pro

Gly — — - - 0.22 0.26 -
Ala 0.29 0.29 14 .., 084 08 070
Met — — 319 307 187 173 058
Val — — 912 785 45 401 3.26
lieu — — 486 438 269 250 131
Leu 0.49 047 2437 1999 1175 1028 6.06
Tyr — — 1591 1426 1024 9l 5.75
P%e — — 1204 1083 873 791 5.9
His - - 2.06 1.66 117 0.99 1.00
Lys 6.36 4.30 36.84 3237 2142 1744 1007
Trp

Arg 0.12 3.16 1379 1233 947 619 6.19
anot detected.

Similarities occurred between 30S (16 hr), PEM 2500S and
PTN 3.0S as seen from the molecular weight profiles of peptides
and hydrolysis curves produced by those preparations (Table 4,
Fig. 1 and 4, respectively). This may be due to the presence of
two main endoproteolytic activities, i.e., trypsin and chymotryp-
sin, in 30S (16 hr) (Table 3), in PEM 2500S and PTN 3.0S
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(Mullally et al., 1994). This was confirmed by the low concen-
trations of free amino acids in hydrolysates produced by those
preparations (Table 5 and 6). PEM 2500S and PTN 3.0S ap-
peared to have similar activity against lactalboumin (Fig. 4) on
the basis of total proteolytic activity (Table 2). The curves for
treatment of lactaloumin by PTN 3.0S and PEM 2500S began
to plateau after 40-50 min, while the DH values after 240 min
were 8.83 and 8.57, respectively. The 30S purification sample
was presumably approaching the ratios of proteinases in com-
mercial preparations when the zymogen activation time was in-
creased to 16 hr, (as indicated seen by very similar final DEI
values). The final DH value of 30S sample activated for 16 hr
was 8.44%. (Table 2).

Pretreatment of a solution (10 mg/mL) of commercial prote-
ase preparation (Corolase PP) by holding at 37°C, prior to hy-
drolysis of lactalbumin, showed that, as time of pretreatment
increased, the degree of hydrolysis decreased (Table 2). Increas-
ing holding times had a progressively negative effect on initial
rates of hydrolysis and final DH values after 240 min incubation.
Material corresponding to the 13,300-570 Da and <570 Da
molecular weight region was hydrolyzed to a lesser extent with
increasing holding times (Table 4). For 16, 28 and 44 hr samples
a decrease occurred in areas corresponding to low-molecular-
weight peptides as holding time was extended.

Production of free amino acids. The concentrations of
amino acids in free solution following incubation of lactalbumin
with pancreatic extracts and commercial preparations were com-
pared (Tables 5 and 6). Concentrations <0.006 (mg/g) were not
included. All preparations produced hydrolysates which con-
tained alanine in free solution. Both sample B and 30S activated
for 4 hr produced hydrolysates which only had alanine free in
solution. There was no difference in the hydrolysate produced
by the 30S preparation activated for 4 hr in the presence and
absence of Ca ions (Table 5). All enzyme preparations, when
applied to lactalbumin hydrolysis on the basis of total proteolytic
activity, produced hydrolysates deficient in glutamic acid and
glycine. All hydrolysates contained leucine, with exception of
that produced by 30S, activated for 4 hr and 16 hr, 30S activated
in the absence of Ca ions and Sample B. As time of activation
of zymogen forms of 30S preparation was increased, several
additional free amino acids were released into the hydrolysates,
especially lysine and leucine. The hydrolysates produced by
Corolase PP contained the following amino acids: lysine > leu-
cine > tyrosine > arginine > phenylalanine > valine > iso-
leucine > methionine > serine > histidine > alanine >
threonine. The concentration of each amino acid was reduced
with increasing pretreatment time of the Corolase PP prepara-
tion, although the levels of each appearred to remain in propor-
tion (Table 6). The analysis of free amino acids in the
hydrolysates of Corolase PP and 30S preparations revealed sig-
nificant differences. The low levels of free amino acids in hy-
drolysates produced by 30S indicated an absence of
exopeptidase activity contrary to levels known to be present in
Corolase PP (Mullally et al., 1994). Corolase PP also had elas-
tase activity and low levels of this activity in 30S may have
contributed to similarities between preparations with respect to
shape of DH curves (Fig. 1and 3).

Different published extraction procedures have been used for
purification of individual pancreatic proteinases. Acidic extrac-
tion has been used in the initial step for trypsin and chymotryp-
sin recovery, whereas acetone powder extraction was used in
protocols for elastase, carboxypeptidase and exopeptidase re-
covery (Northrop et al., 1948; Laskowski, 1956; Lewis et al.,
1959; Folk and Schirmer, 1963). In our study proteolytic
preparations Sample B and 30S were prepared using an initial
acid extraction step. This may have destroyed exopeptidase ac-
tivities and certain endoproteinase activities. Porcine chymo-
trypsin B and C are acid-labile (Folk, 1970). Incubation of
elastase at very low pH values for extended times deactivated
the enzyme (Lewis et al., 1956). This would, therefore, explain
the absence of most of the free amino acids in the hydrolysates

and the extremely low levels of amino acids, such as alanine.
Levels of carboxypeptidases are higher in porcine tissues (Des-
nuelle and Rovery, 1961), although carboxypeptidase B is sub-
ject to de-activation at very low pH values and, therefore, the
purification procedure we employed would not be suitable for
its isolation. All these factors considered, it is unlikely that ex-
opeptidase activity was prominent in the 30S preparation.

CONCLUSION

The ratio of proteinases in a pancreatic enzyme preparation was
related not only to the degree of purification or source of pan-
creatic tissue but also to the activation procedure employed. Un-
less an extensive purification protocol involving chromato-
graphic procedures is employed, it seems unlikely that a precise
ratio of endoproteinases (trypsin, chymotrypsin and elastase)
could be maintained. Zymogen activation alone, however, can
control the ratio of proteinases present in an enzymatic prepa-
ration, and thus the physicochemical properties of any resultant
whey protein hydrolysate. During hydrolysis of proteins, if a
number of enzymatic activities work in conjunction with one
another, the resulting hydrolysates differ. Properties of hydrol-
ysates are dependent on several factors, such as the number and
ratio of proteases, enzyme specificity, enzyme stability, and,
possibly, auto-digestion. To find a desirable ratio of endopro-
teinases within a proteolytic preparation, a compromise between
activation and de-activation must be found.
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Antioxidative Activity of Maillard Reaction Products in
Cooked Ground Beef, Sensory and TBA Values

J. SCOTT SMITH and MOHAMMED ALFAWAZ

ABSTRACT

Maillard reaction products (MRPs) obtained by autoclaving egg albumin
acid hydrolysate and glucose for 1 hr were added to ground beef which
was cooked and stored at 4°C for 8 days. The antioxidative activity of
MRPs was investigated by a trained sensory panel and the TBA test.
The panel evaluated samples for loss of desirable cooked beef notes and
generation of off-flavors, such as cardboard and painty. With added 1%
MRPs, painty aroma and flavor scores were low and did not (p > 0.05)
change over time. The coefficients of determination were high (r2= 0.92
to 0.77, p < 0.0001) between aroma and flavor scores for any two
similar attributes. The TBA values decreased by 17% with the addition
of 0.5% MRP and by 39% with 1% MRP over time.

Key Words: ground beef, Maillard products, antioxidants, sensory qual-
ity

INTRODUCTION

Consumption of cooked ground beef has increased because of
ease of preparation, versatility, and good value. However, this
product is susceptible to warmed-over flavor (WOF), also re-
ferred to as meat flavor deterioration (MFD), and oxidative ran-
cidity. MFD develops in cooked meats during short periods of
refrigerated storage (Asghar et al., 1988; St. Angelo et al,
1992). The most likely cause of MFD development is oxidation
of membrane phospholipids (Igene and Pearson 1979).

As lipids oxidize, a mixture of aldehydes and ketones is pro-
duced. These classes of compounds are responsible for devel-
opment of undesirable flavor attributes, such as cardboard and
painty. Their concentrations increase, and desirable flavors, such
as cooked beef, decrease during storage (St. Angelo et al., 1992;
1990). MFD appears to result from this combined chemical pro-
cess in which lipid oxidation products are increased and
desirable meaty flavor compounds are diminished (St. Angelo
et al., 1992).

Use of antioxidants is a means of preventing or decreasing
oxidative rancidity in cooked ground beef during storage. Syn-
thetic antioxidants, such as butylated hydroxyanisole (BHA) and
butylated hydroxytoluene (BHT), effectively prevent lipid oxi-
dation in cooked meat products (Chastain et al., 1982; Chen et
al., 1984). Testing antioxidants from natural sources as alter-
natives to prevent MFD in cooked meat products may be ad-
vantageous because of increasing sensitivity of consumers to
synthetic additives. Thus, the application of natural antioxidants
for prevention of MFD has received considerable attention (Al-
Jalay et al., 1987; Stoick et al., 1991).

Maillard reaction products (MRPs) comprise one group of
antioxidants that may be considered natural because the reac-
tions occur normally in foods. Several reports have discussed
the use of MRPs formed from amino acids and sugars as anti-
oxidants in model systems (Lingnert and Eriksson, 1980a, b;
Beckel and Waller, 1983). The addition of MRPs prepared from
histidine and glucose or enzymatic hemoglobin hydrolysate and
glucose has improved the oxidative stability of sausage during
frozen storage (Lingnert and Lundgren, 1980). Bailey et al.
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(1987) found that MRPs prepared from histidine and glucose
were effective inhibitors of oxidative rancidity in cooked ground
beef.

Our objective was to evaluate the effects of MRPs prepared
from egg albumin hydrolysate and glucose on development of
oxidative rancidity of cooked ground beef stored at 4°C, as
measured by sensory aroma and flavor and by the thiobarbituric
acid (TBA) test. Egg albumin was chosen as the source of pre-
cursor amines because it is readily available and MRPs from it
can be readily produced. In addition previous work (Alfawaz et
al., 1994) has shown that MRPs from egg hydrolysate were very
potent antioxidants as measured by TBA values and volatiles.

M ATERIALS & METHODS
Preparation of protein hydrolysate

Protein hydrolysates were prepared similar to procedures described by
Alfawaz et al. (1994). Egg albumin (80% protein, Henningsen Foods
Inc, Omaha, NE) was suspended in 1ON hydrochloric acid (Fisher Sci-
entific, Fair Lawn, NJ) and refluxed for 7 hr. Extent of hydrolysis was
monitored using the trinitrobenzenesulfonic acid (TNBS) method (Adler-
Nissen, 1979).

Preparation of Maillard reaction products (MRPs)

MRPs were obtained by autoclaving 25 mL of distilled water con-
taining 2g glucose (Holly-Hameds of Wichita, Wichita, KS) and 2g egg
albumin hydrolysate (1.92 amino equiv/g protein) at 121°C and ~ 1kg/
cm2for | hr. Initial pH of the reaction mixture was adjusted to 9.0 with
IN NaOH. The MRPs were lyophilized at -40°C for 36 hr and then
flushed with nitrogen prior to storage at —13°C. One gram of MRPs was
diluted (20 times) with distilled water and the browning intensity of the
MRPs was measured at 420 nm with a Perkin-Elmer Spectrophotometer
(Model 552, Coleman Instruments Division, Oak Brook. IL).

Preparation of cooked ground beef

Four beeftop rounds (Kansas State University, Meat Laboratory) were
obtained from four carcasses, and each was chosen randomly to represent
a replicate. Each top round was trimmed of all visible fat and connective
tissue and ground through a 0.4 cm plate with a food processor (Model
2250, Rival Manufacturing Co, Kansas City, MO). The ground round
(1.5-2.2% fat) was divided randomly into 300-g portions for each stor-
age time, vacuum packaged, and stored at -13°C for no longer than 8
days. The frozen meat was thawed at 4°C for 24 hr. then MRPs at 1 or
0.5% were dissolved in distilled water (10 mL of distilled water/IOOg
ground beef) and added to each of the treatments. Control samples con-
tained 10% distilled water but no MRPs. The ground beef was placed
in a 600 mL beaker and cooked in a water bath at 80°C to a final internal
temperature of 70°C. The cooked ground beef was stored at 4°C for 4
or 8 days and evaluated by sensory, TBA, and color analysis. Freshly
cooked ground beef prepared as described above immediately before
analysis served as day 0 samples.

Sensory evaluation

Orientation. Sensory evaluations were conducted using a five-mem-
ber trained panel (Kansas State University, Sensory Analysis Center).
The panelists were trained previously and had experience in evaluation
of oxidative rancidity in cooked meat products. The panelists were ori-
ented during one 3-hr session using fresh and rancid cooked ground beef
as well as reference standards to enable them to develop and correctly
use the descriptive terms. A wet brown grocery bag in a covered glass
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Table 1—Effect of MRPs prepared from egg albumin hydrolysate and glu-
cose on aroma scoresd of cooked ground beef stored at 4°C

Time (days)
Sensory attributes Treatment 0 4 8
Cooked lean beef Control 8.85ax 2.88av 2.08ay
0.5% MRPs 8.46ax 3.93abV 3.40aby
1% MRPs 8.47ax 4.75bv 4.20by
Browned/roasted Control 0.28ax 0.80ax 0.45ax
0.5% MRPs 4.32bx 2.23bY 1.98by
1% MRPs 5.90cx 4.250Y 2.45hz
Cardboard Control 0.00ax 4.20aY 2.28bz
0.5% MRPs 0.00ax 3.38ay 4.05ay
1% MRPs 0.00ax 2.40bY 4.10az
Painty Control 0.00ax 4.65aV 6.28az
0.5% MRPs 0.00ax 1.68by 2.85bV
1% MRPs 0.00ax 0.33bx 1.63bx

ac Means within the same column of the same attribute, with different letter are sig-
nificantly different IP<0.05}.
d Evaluations expressed on a 15-point numerical scale, where 0 = none and 15 = ex-
treme.
X'z Means within the same row of the same attribute, with different letter are signifi-
cantly different (P<0.05).

Table 2—Effect of MRPs from egg albumin hydrolysate and glucose on
flavor scores'l of cooked ground beef stored at 4°C

Time (days)
Sensory attributes Treatment 0 4 8
Cooked lean beef Control 8.85ax 4.05by 3.13by
0.5% MRPs 8.55ax 5.83ay 5.20ay
1% MRPs 8.43ax 6.23aY 6.08ay
Browned/roasted Control 0.40bx 1.55bx 0.73bx
0.5% MRPs 5.31ax 4.93ax 3.83abx
1% MRPs 7.48ax 7.20ax 4.95ax
Cardboard Control 0.00ax 3.88ay 2.70ay
0.5% MRPs 0.00ax 2.48aby 3.53ay
1% MRPs 0.00ax 1.63bxy 2.60ay
Painty Control 0.00ax 2.70ay 5.05az
0.5% MRPs 0.00ax 1.48ay 1.83by
1% MRPs 0.00ax 0.33bx 1.15bx
Sour Control 1.65ax 1.13ay 1.08ay
0.5% MRPs 1.05bx 0.90ax 1.08ax
1% MRPs 0.85bx 0.93ax 1.03ax
Bitter Control 0.00ax 1.03ay 1.68az
0.5% MRPs 0.05ax 0.55by 0.50by
1% MRPs 0.13ax 0.18bx 0.38bx

a't Means within the same column of the same attribute, with different letter are sig-
nificantly different (P<0.05).
d Evaluations expressed on a 15-point numerical scale, where 0 = none and 15 = ex-
treme.
%z Means within the same row of the same attribute, with different letter are signifi-
cantly different IP<0.05).

cup was the reference for cardboard aroma, and latex paint was the
reference for painty aroma. Dilute acetic acid (0.03-0.08%) was the ref-
erence for sour flavor, and dilute caffeine (0.03-0.08%) was used for
bitter flavor. Cooked lean beef attribute was used to describe the highly
desirable, freshly cooked, beef flavor. The flavors associated with addi-
tion of MRPs were described by panelists in terms of browned/roasted.
Cardboard and painty terms were used to describe oxidative rancidity
notes (Johnsen and Civille, 1986).

Sample preparation. About 40-g portions of cooked ground beef
were placed in 3-ounce plastic cups and covered with 10-cm watch
glasses. Samples were identified by 3-digit random numbers and pre-
sented in random order. The cooked meat was reheated in a microwave
oven at high power for 15 sec immediately before serving to panelists.

Sample presentation. The cooked ground beef was evaluated using
a 15-point, numerical, descriptive, analysis scale with end-anchors of 0
= none and 15 = extreme. The panelists first were asked to sniff the
cooked ground beef and report their response for aroma attributes. For
flavor attributes, panelists tasted the cooked ground beef. Sensory anal-
ysis was conducted in a room equipped with fluorescent light, with the
panelists sitting at a round table. The sensory-panel sessions were con-
ducted at 9:00 a.m. for four consecutive days, and samples were served
6 min apart. Freshly cooked ground beef was presented as the reference
for fresh cooked beef aroma and flavor three times during each taste
session.

Thiobarbituric acid (TBA) values

TBA values were determined on cooked ground beef by the distilla-
tion method of Tarladgis et al. (1960). Briefly, 10g of cooked ground

Tan1e 3—Coefficients of determination between mean sensory aroma and
flavor scores of ccoked ground beef stored at 4°C

Flavor attributes

Cooked
Aroma attributes  lean beef  Browned/roasted  Cardboard  Painty
Cooked lean beef 0.92 - — _
Browned/roasted - 0.89 - -
Cardboard - - 0.77 -
Painty — — — 0.85

aAll coefficients of determination are significant at p<0.0001, n = 180.

Table 4—Effect of MRPs prepared from egg albumin hydrolysate and glu-
cose on TBA values (mg malonaldehyde/kg meat) of cooked ground beef
stored at 4°C

Time (days)
Treatment 0 4 8 % InhibitionlL
Control 0.29ax 5.19ay 6.72az
0.5% MRPs 0.25ax 3.98by 5.60hz 17.00
1% MRPs 0.23ax 2.95¢cy 4.102 39.00

ac Means within the same column of the same attribute, with different letter are sig-
nificantly different (P<0.05).

d % inhibition = 1 - (TBA value of treatment/TBA value of control) x 100.

X'z Means within the same row of the same attribute, with different letter are signifi-
cantly different (P<0.05}.

beef were weighed into a 250 mL Kemmerer-Hallet distillation flask of
a microKjeldahl steam distillation unit (Fisher Scientific, Fair Lawn, NJ).
To the distillation flask, 46 mL distilled water, 3 mL of 4N hydrochloric
acid, and a few drops of 1% antifoam A (Sigma Chemical, St. Louis,
MO) were added. Fifty mL of distillate was collected in 8 min. To 5
mL of distillate, 5 mL of 0.02 M TBA reagent, prepared in distilled
water, was added The solution was mixed and placed into a boiling
water bath for 35 min and then cooled in an ice bath. Absorbance was
read at 530 nm or. the Perkin-Elmer Spectrophotometer, and concentra-
tion of malonaldehyde was calculated from a standard curve obtained
using solutions cf 1,1,3,3-tetraethoxypropane (Sigma Chemical. St
Louis, MO). The TBA values were expressed as mg malonaldehyde/kg
meat. Each sample was assayed in triplicate.

Statistical analysis

The study was designed as a randomized complete block with four
replicates. Each replicate was treated as a block and treatments (0, 0.5.
and 1% MRPs) and storage time (0, 4, and 8 days) as main effects.
Sensory data and TBA values were analyzed by analysis of variance
using the General Linear Model (GLM) Procedure of the Statistical
Analysis System (SAS Institute, Inc., 1989). Interaction between treat-
ment level and storage time was tested. To account for variation among
sensory panelists, they were included in the model. Comparisons be-
tween treatments for each day were evaluated by the Least Square Means
Procedure (SAS Institute, Inc., 1989). Differences between days for each
treatment also were tested using the Least Square Means Procedure.
Differences were considered significant when means of compared sets
differed at P < 0.05. Pearson coefficients of determination were com-
puted for aroma and flavor scores and for TBA values and aroma and
flavor scores.

RESULTS & DISCUSSIONS

Effect of MRPs on aroma profiles

The antioxidative activities of 0.5 or 1% MRPs prepared from
egg albumin hydrolysate and glucose effects on aroma scores
of cooked ground beef during storage at 4°C were compared
(Table 1). As oxidative rancidity developed in control samples,
cooked lean beef aroma decreased by 3.1-fold, while cardboard
aroma increased by 4.25-fold and painty aroma by 4.65-fold at
day 4. At day 8, the cooked lean beef aroma continued to de-
crease (p > 0.05), cardboard aroma began to decrease (p <
0.05), and painty aroma continued to increase (p < 0.05). These
data agreed very well with results of St. Angelo et al. (1990),
which showed that scores for cooked beef broth flavor de-
creased, cardboard flavor increased then leveled off, and painty
flavor continued to increase during 5 days storage at 4°C.
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Table 5—Coefficients of determination between TBA values (mg malonal-
dehyde/kg meat) and mean sensory aroma and flavor of cooked ground
beef stored at 4°Ca

Sensory attributes TBA values
Aroma profile
Cooked lean beef -0.93
Cardboard 0.79
Painty 0.83
Flavor profiles
Cooked lean beef -0.94
Cardboard 0.79
Painty 0.70
Sour -0.16
Bitter 0.79

3 All coefficients of determination are significant at pcO.000I, n = 36.

The two treatments processed with 0.5 and 1% MRPs showed
a decrease (p < 0.05) in scores for cooked lean beef aroma over
4 days, but this was not significant at day 8. The intensity of
cooked lean beef aroma was significantly higher (p < 0.05) in
samples processed with 1% MRPs than in the control samples
for all storage times, except at day O (Table 1). The reduction
in cooked lean beef aroma for samples containing 1% MRPs
was not significant (p > 0.05) as compared to that for samples
with 0.5% MRPs. The cooked ground beef processed with
MRPs, which can function as free radical scavengers (Namiki,
1988); electron donators (Sato et al., 1973; Eichner, 1981); or
chelators (Johnson et ah, 1983), had low scores for cardboard
and painty aroma. Comparison of antioxidative activity of MRPs
at 0.5 and 1% showed no significant differences for reduction
in cooked lean beef aroma, formation of painty aroma, or for-
mation of cardboard aroma throughout storage except for for-
mation of cardboard aroma at day 4.

Effect of MRPs on flavor profiles

The purpose of conducting the aroma, as well as flavor stud-
ies, was to determine if trained panelists could detect develop-
ment of oxidative rancidity by smelling meat products without
tasting them. The antioxidative effects of 0.5 or 1% MRPs from
the egg albumin hydrolysate and glucose, on flavor scores of
cooked ground beefduring storage at 4°C were compared (Table
2). At day 0, control and samples treated with MRPs had scores
of 8.85 to 8.43 for cooked lean beef flavor and scores of 0.0 for
both cardboard and painty flavors. This trend confirmed aroma
scores (Table 1). The control, which did not contain MRPs, lost
50% of the original cooked lean beef flavor within 4 days. In
the control, the cardboard and painty flavor scores increased
rapidly (p < 0.05) throughout storage. The pattern of change
for flavor scores was identical to that for aroma scores. The
addition of MRPs at concentrations of 0.5 and 1% significantly
slowed the rate of diminishing cooked lean beef flavor compared
to the control at days 4 and 8.

The intensity of painty flavor was higher than that of card-
board flavor in the control samples at day 8. However, in treated
samples, the intensity of cardboard flavor was higher than that
of painty flavor (Table 2). These results may indicate that the
cardboard flavor was stabilized at higher concentrations in the
treated samples than in controls. This trend agreed with data
from aroma scores (Table 1). These data were in agreement with
earlier reports by St. Angelo et al. (1990) that the intensity
scores of cardboard flavor in cooked beef patties treated with
rosemary were higher than those of painty flavor.

Scores for browned/roasted flavor and aroma, which were as-
sociated with the addition of MRPs, were higher (p < 0.05) in
treated samples than in the control (Table 1 and 2). The
browned/roasted scores decreased (p < 0.05) for samples treated
with 1or 0.5% MRPs over storage. The browned/roasted scores
in the control sample were low and did not change (p < 0.05)
throughout storage.

Sour and bitter taste scores were also compared (Table 2).
The sour score in the control decreased (P < 0.05) during stor-

age, but with no significant change from day 4 to 8. The sour
scores in samples treated with 1 or 0.5% MRPs were low and
did not change (P < 0.05) throughout storage. The bitter scores
in the control increased (P < 0.05) during storage. Sour and
bitter scores have been previously shown to be lower for cooked
ground beef treated with antioxidants and vacuum packaged (St.
Angelo et al., 1992).

Bailey et al. (1987) found that the addition of MRPs prepared
from histidine and glucose was effective in retarding oxidative
rancidity in cooked ground beef stored at 4°C. They demon-
strated that MRPs caused about a 10 fold reduction in oxidation
products, hexanal and 2,3-octanedione. The reduction of oxi-
dation products correlated well with sensory data, however, only
the general attribute, warmed over flavor, was evaluated. Sato
et al. (1973) demonstrated that the addition of MRPs formed
from glycine or lysine and glucose to cooked ground beef in-
hibited oxidative rancidity during 2 days storage at 4°C. Ling-
nert and Lundgren (1980) found that preformed MRPs from
histidine and glucose or enzymatic hemoglobin hydrolysate and
glucose were effective antioxidants in sausage during frozen
storage, as determined by sensory evaluation.

Relationship between aroma and flavor scores

A second objective of our study was to correlate aroma and
flavor sensory attributes. The relationship between any two sim-
ilar aroma and flavor attributes was significant (p < 0.0001) in
cooked ground beef stored at 4°C (Table 3). The coefficients of
determination (r2) between two similar attributes for aroma and
flavor were very strong and ranged from 0.92 to 0.77. These
results suggested that, with a highly trained panel, smelling meat
products may be useful for studying oxidative rancidity as well
as or instead of tasting them.

TBA values

Mean TBA values for freshly cooked ground beef were be-
tween 0.29 and 0.23, with no significant differences (p > 0.05)
among treatments (Table 4). TBA values increased over 8 days
storage for all treatments, with controls oxidized most rapidly
(p < 0.05) and to the greatest extent between days O and 4.
When 1% MRPs were added to the cooked ground beef, TBA
values were 43% lower for day-4 samples and 39% lower for
those stored for 8 days, compared to controls.

Relationship between TBA values and sensory scores

A third objective was to correlate TBA values and sensory
scores. Significant coefficients of determination (P < 0.0001)
were found between sensoiy scores and TBA values (Table 5).
The sensory scores for desirable cooked lean beef negatively
correlated (r2= —0.93) to TBA values. The oxidative rancidity
descriptive terms (cardboard, painty, and bitter) positively cor-
related (r2 = 0.70 to 0.83) to TBA values. These results agreed
very well with St. Angelo et al. (1987, 1992) in that most un-
desirable flavor notes in oxidized cooked ground beef correlated
highly with chemical markers, including TBA values. Note that
St. Angelo et al. (1992) also found a similar, weaker correlation
of flavor notes cardboard, bitter and sour to markers such as
hexanal and TBA numbers. Ang and Lyon (1990) reported high
correlation coefficients in cooked poultry between sensory
scores of flavor notes cardboard, rancid, and painty and TBA
values and headspace volatiles.

CONCLUSIONS

MRPS from egg albumin acid hydrolysate and glucose have
potent antioxidative activity, which can retard development of
oxidative rancidity in cooked ground beef during storage at 4°C.
Sensory aroma and flavor scores for any two similar attributes
correlated highly. This suggests that aroma evaluation of espe-

—Continued on page 240
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Radiation Sensitivity of Listeria monocytogenes on Beef as
Affected by Temperature

D.W. THAYER and G. BOYD

ABSTRACT

Longissimus dorsi from beef was inoculated with Listeria monocytoge-
nes and the effect of gamma irradiation on the survival of this pathogen
at -60 to +15°C was determined. Radiation D-values were determined
for inactivation of L. monocytogenes at 5°C intervals from -20 to 5°C.
These data were used to develop an equation to predict the response to
gamma radiation within that range. An abrupt increase in resistance oc-
curred at —5°C. The radiation D-value was 0.45 kGy at 0°C, 0.77 kGy
at —5°C and 1.21 kGy at —20°C. A straight line was obtained when the
logl0 of the D-values from —5 to —20°C was plotted vs the reciprocal
of the absolute temperature. This led us to calculate a value analogous
to the Arrhenius activation energy for inactivation of L. monocytogenes
by gamma radiation.

Key Words: beef, irradiation, food safety, Listeria, meat

INTRODUCTION

Listeria monocytogenes has caused periodic outbreaks of
foodbome disease with considerable mortality and is of partic-
ular concern in ready-to-eat refrigerated foods because it can
multiply at refrigeration temperatures (Broome et al., 1990; Pal-
umbo, 1986). This concern caused the Food & Drug Adminis-
tration and the Food Safety & Inspection Service of the U.S.
Department of Agriculture to establish zero tolerances for L.
monocytogenes in ready-to-eat foods. Most outbreaks of lister-
iosis were related to products such as cole slaw, milk, and
cheese; however, undercooked wieners, sausages, poultry, and
shellfish also have been associated with outbreaks of the disease
(Cantoni et al., 1989; Centers for Disease Control, 1989; Pear-
son and Marth, 1990; Schwartz et al., 1988). L. monocytogenes
have been found on raw meat and poultry and on their products
such as paté, turkey franks, fermented sausages, and cooked beef
(Bailey et al., 1989; Carosella, 1990; Farber et al., 1989; Gen-
igeorgis et al., 1989; Roberts, 1994; Wenger et al., 1990).
Gamma or electron-beam irradiation treatment of meat was
proposed as a method for elimination of L. monocytogenes (Beu-
chat et al., 1993; Grant and Patterson, 1992; Huhtanen et al.,
1989; Patterson, 1989; Patterson et al., 1993). With exception
of Beuchat et al. (1993) no other workers considered the effects
irradiation temperature might have on survival of the organism.
Because of possible effects temperature may have introduced
(from 2-4°C to 12°C, Fluhtanen et al., 1989; Patterson, 1989;
Patterson et al., 1993), it was not valid to compare results from
these studies. Beuchat et al. (1993) reported on the survival of
L. monocytogenes on ground beef at irradiation temperatures
from —17 to —15°C and from 3 to 5°C but did not find a sig-
nificant temperature effect. Flowever, significant effects of ir-
radiation temperature were found on the survival of
Campylobacter jejuni (Clavero et al., 1994), Clostridium botu-
linum spores (EI-Bisi et al., 1966), Escherichia coli 0157:H7
(Clavero et al., 1994; Thayer and Boyd, 1993; Stapleton and
Edington, 1953), Salmonella (Thayer and Boyd 1991a,b; Thayer
et al., 1990), and Staphylococcus aureus (Thayer and Boyd,
1992). Because temperature-dependent radiation sensitivity for
both gram-positive and negative bacteria has been demonstrated,

Authors Thayer and Boyd are with the USDA/ARS, Eastern Re-
gional Research Center, Food Safety Research Unit, 600 E. Mer-
maid Lane, Philadelphia, PA 19118.

we initiated a study of the effects of irradiation temperature on
survival of L. monocytogenes. Our objective was to test the
“null hypothesis” that the resistance of L. monocytogenes to
gamma radiation was not affected by the temperature of the
sample during irradiation.

MATERIALS & METHODS
Cultures

Listeria monocytogenes 15313, 43256, 49594, and 7644 were obtained
from the American Type Culture Collection, Rockville, MD. All cultures
were maintained and cloned on Tryptic Soy Agar (TSA, Difco, Detroit,
MI). Culture identity was confirmed by gram stains and from reactions
on GNI or GPI cards of the Vitek AMS Automicrobic System (bio-
Merieux Vitek, Inc., USA, Hazelwood, MO) (Aldridge et al., 1977;
Knight et ah, 1990), as appropriate. Each member of the pathogen mix-
ture was propagated independently in 100 mL of tryptic soy broth (TSB,
Difco, Detroit, MI) at 35°C with agitation at 150 rpm on a rotary shaker
for 18 hr at 35°C. Equal amounts from each culture were mixed, and
cultures were harvested by centrifugation. A ten-fold inoculum was pre-
pared by resuspending the cells in 1/10 volume of Butterfield’s phos-
phate (0.25M KH;P04 adjusted to pH 7.2 with NaOH).

Substrates and packaging conditions

Beef (steer) was obtained the day after slaughter from Carl Venezia
of Conshohocken, PA. The Longissimus dorsi was carefully trimmed of
fat, cubed, and frozen in dry ice. The meat was then pulverized while
frozen in a Hobart silent cutter to yield a homogeneous material. The
meat was subdivided into 100 + 0.05g amounts, spread thinly, and
vacuum sealed in Stomacher 400 polyethylene bags (Tekmar Co., Cin-
cinnati, OH). The bags were then vacuum sealed in high barrier pouches
fabricated with 0.C25 mm polycaprolactam (nylon 6) as the outside layer,
0.0090 mm aluminum foil as the middle layer, and 0.051 mm polyeth-
ylene terephthalate as the inner layer (American National Can Company,
Des Moines, 1A) to provide better protection during handling and to
prevent oxygen transmission to the samples. The meat was frozen at
—50°C and sterilized by gamma irradiation to a dose of 42 kGy at
-30°C. Prior research (Thayer et al., 1987, 1990; Thayer and Boyd,
1991a,b) demonstrated that such treatments did not significantly alter the
wholesomeness and nutritional characteristics or the response of Sal-
monella typhimurium on chicken meat to gamma radiation. Both the
sterile and nonsterile meat were stored at —50°C prior to sterilization
and use.

Radiation source and irradiation techniques

The self-contained gamma-radiation source of I37Cs had a strength of
—134,000 Ci (4.95 PBq) and a dose rate of 0.108 kGy min“'. The dose
rate was established using National Physical Laboratory (Middlesex,
U.K.) dosimeters. Variations in absorbed doses given to experimental
samples were minimized by placement within a uniform portion of the
radiation field. Samples were maintained at the selected temperature
+ 0.5°C during irradiation by injecting the gas phase from liquid nitro-
gen into the irradiation chamber. Temperature was monitored continu-
ously during irradiation with a calibrated thermocouple placed directly
on the sample.

Inoculation of meat for determination of DIO values

Sterile meat was inoculated with enough cells for a final population
of —10*stationary-phase cells/g (10 mL per 100g meat) and mixed in a
sterile Number 400 polyethylene Stomacher bag for 90 sec using a Stom-
acher 400 (Tekmar Co., Cincinnati, OH). Aliquots of 5.0 * 0.05g of
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Fig. 1—Survival of L monocytogenes on ground beef following
gamma radiation dose of 2.0 kGy as related to temperature dur-
ing irradiation.

inoculated meat were transferred aseptically to radiation-sterilized oxy-
gen-permeable poultry bags (E-300, Cryovac Division, W.R. Grace &
CO., Duncan, SC). The bags complied with U S. regulations. Inoculated
meat was spread uniformly over an area of about 10 X 10 cm within
the bags and heat sealed in vacuo.

Effect of irradiation temperature on survival

Inoculated meat samples received a dose of 2.0 kGy at irradiation
temperatures of 15, 10, 5, 0, —5, —10, -15, -20, -30, -40, -50, and
-60°C. Two nonirradiated controls were prepared from the same inoc-
ulated meat; one was frozen and one was not. Controls were used to
determine the number (NO) of L. monocytogenes colony forming units
(CFU) prior to treatment with gamma radiation for samples irradiated
while nonfrozen or frozen. The frozen control tested for any effect due
to freezing on viability of cells. The study was repeated twice.

Effect of irradiation temperature on D1 value

Inoculated meat samples received radiation doses of 0 to 3.0 kGy in
increments of 0.60 kGy at 5, 0, -5, -10, -15. and -20°C. All samples
for each replicate study were inoculated from the same inoculum. The
studies were repeated twice.

Microbiological analysis

Samples were assayed for CFU by standard pour-plate procedures
using TSA with serial dilutions in sterile Butterfield’s phosphate. Petri
plates containing L. monocytogenes were incubated for 48 hr at 37°C
before counting. CFU were counted on three petri plates having 30-300
colonies with a New Brunswick Scientific Biotran Il automated colony
counter.

Statistical analysis

Cultural responses were expressed as the logarithm of CFU/g. For
each experiment, the average (N) CFU for the three plate counts obtained

-20 0 20

for each replicate sample was determined and divided by the average of
the three zero-dose values (N,,) to give a survivor value (N/Nc). The log,0
survivor values (logJAN/N,,)) were then used for subsequent calculations.
The D-values (dose in kGy resulting in 90% reduction of viable CFU at
specific temperatures) were the reciprocals of the slopes of linear re-
gressions of the log survivor values vs radiation dose determined by least
squares analyses. Zero-dose values were excluded from the calculation
of regression to avoid shoulder effects as described by Thayer et al.
(1990). Regression techniques were used to fit second-order response-
surface models (Draper and Smith, 1981). Statistical calculations were
performed with the general linear models procedure of the SAS statistical
package (Freund et al., 1986; SAS Institute, Inc., 1987). Regressions
were tested for differences by analysis of covariance.

RESULTS
Effect of irradiation temperature on survival

Results of an irradiation dose of 2.0 kGy at irradiation tem-
peratures from —60°C to +15°C were compared (Fig. 1). Al-
most no change occurred in the resistance of L. monocytogenes
to gamma radiation between 15 and 0°C; however, between 0
and -5°C a very high increase in resistance occurred. Further
increases in radiation resistance occurred between —5 and
—40°C.

Effect of irradiation temperature on radiation D-value

Analysis of survival data at various doses, for the 2 replicate
studies produced the following equation from which survival of
L. monocytogenes at any temperature between 5 to —20°C and
radiation doses of 0 to 3.0 kGy could be predicted:

Log,,, survivors (N/NO) = —0.1001 - 0.0650 x temperature
— 1.922 x kGy —0.0638 x temperature X kGy — 0.0036
x temperature2 (€))

R- for this equation is 0.9470. With it we could make predictions
as indicated (Fig. 2). Using Eq. (1) the logarithm of the pre-
dicted survival (N/Nn) of L. monocytogenes when irradiated to
an absorbed dose of 2.4 kGy on beef at temperatures of -20,
-15, -10, -5,0, and 5°C is -1.791, -2.251, -2.892, -3.712,
—4.713, and —b5.894, respectively.

The D-value for L. monocytogenes did not change between
irradiation temperatures of 5 and 0°C but increased almost three-
fold between 0 and -20°C (Table 1). When the logl0 of radia-
tion D-values for both replicate studies at each temperature were
plotted vs the reciprocal of absolute temperature (K°) from —5
to —20°C they fell in a straight line (Fig. 3), from which the
following regression equation with R2 = 0.953 could be cal-
culated where T = K°:

log|0D-value = -3.539 + 917.3 x (T~") (2)

Eq. (2) could be used to calculate D-values at intermediate tem-
peratures; but, more importantly, the slope could be converted
to a value analogous to the Arrhenius activation energy (Ea):

k ~ se RT ?3)

Where s isa constant, Eais the Arrhenius activationenergy, R
is the gas constant, and T is the absolute temperature (K°). If
D-value is substituted for the rate constant and Eq. (3) is ex-
pressed in logarithmic form,

E
log D-value = -----

1
a—x — Flo 4
2308 T " o9® @

Differentiation of Eq. (4) with respect to temperature and inte-
gration yields,
D-value, Ea

T~T,
e e -
6 D-value, 2.30377

P — (5)
T,T1

Using Eq. (5) the slope of the line (Fig. 3) is 917.3, and Eahas
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Fig. 2—Predicted survival of L monocytogenes on ground beef
following gamma radiation doses of 0 to 3.0 kGy at irradiation
temperatures from -20 to +5°C.

Table 1—Gamma radiation resistance of L. monocytogenesA at different
temperatures

Irradiation D-value
temp °C 1/Tb + SEb kGy log D-value
+5 0.00360 0.445 + 0.012 -0.352
0 0.00366 0.453 = 0.016 -0.344
-5 0.00373 0.772 + 0.046 -o0.112
-10 0.00380 0.854 + 0.046 -0.068
-15 0.00387 1.006 + 0.036 0.028
20 0.00395 1.208 + 0.058 0.082

8L. monocytogenes ATCC 7644, 15313, 43256, and 49594 harvested at 16 hr and mixed
with beef Longissimus dorsi.
PT = absolute temperature; SE = standard error.

the value of -2.303R (slope) = 17,564 joules deg-1 mole-1.
Since the D-values are expressed in kGy per log cell inactiva-
tion, and 1 Gy is equivalent to 1joule/kg, Ea can also be ex-
pressed as 17.6 kGy g_I deg-1 mole '

DISCUSSION

Results clearly indicate a Significant response of L. mon-
ocytogenes on beef to the temperature of irradiation; 102" more
cells would survive a dose of 2.4 kGy at —20°C than at 0°C.
Billen (1987) estimated that —85% of the potential damage to
irradiated E. coli was due to radiolysis products of water, pri-
marily OH-. The change in radiation sensitivity at subfreezing
temperatures has been attributed to decreased OH-mobility
(Taub et al., 1979). Beuchat et al. (1993) did not find a signif-
icant difference in radiation resistance of L. monocytogenes to
gamma radiation on nonfrozen (2-5°C) and frozen (-17 to
-14°C) hamburger. We postulate that the discrepancy between
our results and those from Beuchat et al. (1993) may be due to
recovery and possibly growth of injured Listeria in nonfrozen
samples during the 12 to 14 hr storage and shipping time before

LOG D-VALUE
1

-0.15 4

I I I T
0.0038 0.0039
1/ ABSOLUTE TEMPERATURE

Fig. 3—Log D-values for L monocytogenes on beef treated with
gamma radiation as related to 1/T (absolute temperature).

0.0037 0.0040

samples (in the Beuchat et al., 1993 study) were analyzed. In
our study, samples were analyzed immediately following irra-
diation, whereas in their study samples had been shipped from
Florida to Georgia for analysis.

We obtained a D-value of 0.44 at +5°C, similar to values
reported by Huhtanen et al. (1989) at 2-4°C on chicken of 0.46
kGy and Grant and Patterson (1992) at 3-4°C of 0.40 kGy.
Equation (1) predicted that the effects of a radiation dose of 2.0
kGy at 3°C would be a reduction in number of surviving CFU
by 4.55 log. The mean of the nonirradiated population of Huht-
anen et al. (1989) was 8.50, which was reduced to 4.41 by
irradiation to 2.0 kGy, a reduction of 4.19 log. The difference
between the predicted reduction of viable CFU and the reported
value were not great and could result from several factors, such
as presence of oxygen during irradiation.

The linear increase in the loglo D-values from —5 to —20°C
further supported the hypothesis that inactivation of bacteria
even at temperatures below freezing are directly related to re-
action temperature as occurs for chemical reactions. This also
supports the concept that most cellular inactivation processes are
due to interactions with radiolytic products of water rather than
direct interaction of gamma radiation with DNA, since those
reactions would not be temperature dependent. Our developed
Eq. (1) could predict the response of L. monocytogenes on beef
to gamma irradiation between the temperatures of 5 to —20°C.
This equation indicates that products contaminated with L. mon-
ocytogenes and irradiated to a dose of 2.4 kGy even at —20°C
would be much safer than nonirradiated products. However,
much greater security could be provided by irradiation at tem-
peratures of 0 to 5°C.
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ANTIOXIDANT ACTIVITY OF MAILLARD PRODUCTS. .

dally the attributes painty and cooked lean beef by a highly
trained panel could be a useful method to study development of
oxidative rancidity in cooked meat products and to evaluate po-
tential antioxidants.
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Phytic Acid Protective Effect Against Beef Round Muscle
Lipid Peroxidation

BEOM JUN LEE and DELOY G. HENDRICKS

ABSTRACT

Phytic acid, constituting 1-5% of many plant seeds and cereals, can form
iron-chelates and inhibit lipid peroxidation. We measured thiobarbituric
acid reactive substances (TBARS), an indication of lipid peroxidation,
in beef homogenates to investigate the effects of phytic acid with various
homogenizing buffers and at different pH levels. Phytic acid effectively
inhibited either iron-induced or non-iron-induced lipid peroxidations.
The effect of phytic acid was dose- and pH-dependent. Such inhibition
of lipid peroxidation may help prevent deterioration of food quality.

Key Words: beef, round muscle, peroxidation, phytic acid

INTRODUCTION

Many classes of lipid peroxidation products €Xert toxic
effects in both whole animals and cellular systems (Halliwell
and Gutteridge, 1986; Kubow, 1992; Pearson et al., 1983). Lipid
peroxidation is a major cause of quality deterioration in stored
foods, especially in muscle tissues (Harel et ah, 1988; Pearson
et ah, 1983). Such deterioration includes changes in flavor,
color, texture and nutritive value, or the production of toxic
compounds (Wilson et ah, 1976). Lipid peroxidation in meats
has become an important problem in restructured and precooked
food products (Akamittath et ah, 1990; Pearson et ah, 1983).

Oxidation of muscle lipids involves the peroxidation of pol-
yunsaturated fatty acids, located in the membranes of muscle
foods (Keller and Kinsella, 1973; Khayat and Schwall, 1983).
Transition metals such as Fe2+ and Cu2+ as well as heme com-
pounds are important in lipid peroxidation in skeletal muscle
(Decker and Welch, 1990; Kanner et ah, 1988a). However, the
function of heme proteins or nonheme iron in lipid peroxidation
in muscle tissues is uncertain (Love and Pearson, 1974). Some
researchers indicate hemoproteins are prooxidants of muscle tis-
sues (Fisher and Deng, 1977; Lee et ah, 1975; Love, 1983;
Wallace et ah, 1982), while others indicate nonheme iron com-
pounds are more important factors (Harel et ah, 1988; Kwoh,
1971). Several processes, such as refrigeration and cooking, may
increase degradation of heme compounds increasing free and
lower-molecular-weight iron compounds which are hypothe-
sized to be responsible for lipid peroxidation (Decker and
Hultin, 1990; Kanner et ah, 1988b; Schricker and Miller, 1983).

Phytic acid is a natural plant inositol hexaphosphate consti-
tuting 1-5% of most cereals, nuts, legumes, oil seeds, pollen,
and spores. Phytic acid can tightly bind to metal ions, and the
metal phytate complexes are highly insoluble over a wide pH
range (Graf and Eaton, 1990). Therefore, phytate has been hy-
pothesized to interfere with mineral bioavailability in humans
and animals (Ellis et ah, 1982). Phytic acid is a powerful inhib-
itor of iron-driven hydroxyl radical formation because it can
form a unique iron chelate that becomes catalytically inactive
(Graf et ah. 1987). Phytic acid may decrease the incidence of
human colon cancer (Graf and Eaton, 1985; Shamsuddin et ah,
1988) and fibrosarcoma (Jariwalla et ah, 1988) in rats, perhaps
due to the reduction of hydroxyl radical formation and decreased
cell division.

Authors Lee and Hendricks are affiliated with the Dept, of Nutri-
tion & Food Sciences, Utah State Univ., Logan, UT 84322-8700.

Our objective was to investigate the effects of phytic acid on
lipid peroxidation in beef round muscle homogenate. In stored
foods, mixed diets, and the gastrointestinal tract, phytic acid
may be important in protecting against lipid peroxidation and
against toxic effects of products formed by lipid peroxidation.

MATERIALS & METHODS
Materials

Phytic acid, 2-thiobarbituric acid, ferrozine [3-(2-pyridyl)-5,6-bis(4-
phenylsulfonic acid)-1,2,4-triazine], tetraethoxypropane (TEP), butylated
hydroxytoluene (BHT), Tris (hydroxymethyl) aminomethane, Hepes (N-
2-hydroxyethyl piperazine N'-2-2-ethanesulfonic acid), and Pipes [piper-
azine-N,N'-bis(2-ethanesulfonic acid)] were purchased from Sigma
Chemical Company (St. Louis, MO). Trichloroacetic acid (TCA) and
sodium hydroxide were obtained from EM Science (Cherry Hill, NJ).
Hydrogen peroxide, sodium phosphate (dibasic anhydrous), nitric acid,
ammonium acetate, ascorbic acid, and ethylenediaminetetraacetic acid
disodium salt (EDTA) were obtained from Mallinckrodt Inc. (Paris, KY).

Methods

Sample preparation. Beefround muscle (select grade) was purchased
from Smith’s Food and Drug Co., Logan, UT. Fat was removed, and
the muscle was chopped into small pieces using a stainless steel knife.
The chopped muscle was homogenized in deionized water (DW) for iron
assay or in selectee buffer solutions (50 mM) with a polytron homoge-
nizer (Omni 5000 International Co., Waterburg, CT) for 1 min at level
2. The pH of the homogenate was adjusted with 0.5N HC1 or 0.1N
NaOH using a pH meter (Orion Research Incorporated Co., Boston,
MA). The incubation mixture included 0.8 mL of 20% (w/v) beef hom-
ogenate and 0.2 mL of DW or 0.2 mL of phytic acid solution and was
incubated for 60 min at 37°C. After incubation the homogenate was used
for the thiobarbituric acid (TBA) test. All data were derived from trip-
licate samples.

Chemical analysis. TBARS assay was performed as described by
Buege and Aust (1978). The reaction mixture contained 1.0 mL of in-
cubation mixture and 2.0 mL of TCA-TBA-HC1 stock solution. The
mixture was heated for 20 min in a boiling water bath (95°C) to develop
a pink color, cooled with tap water, centrifuged at 5,500 rpm for 15 min,
and measured spect-ophotometrically at 532 nm with a UV 2100 U spec-
trophotometer (Shimadzu Co., Kyoto, Japan). TBARS were calculated
from a standard curve of malondialdehyde, a breakdown product of TEP.
Total iron concentration was determined in wet-ashed samples by using
ferrozine (Stookey, 1970). Each homogenized sample (0.5 mL) was di-
gested with 3 mL of concentrated nitric acid and 0.2 mL of 30% hydro-
gen peroxide on a hot plate until it formed a white ash. The white ash
was dissolved in 0.2 mL of LON HC1 and diluted with 0.8 mL deionized
water. One mL of 3.5% ascorbic acid was added and the mixture was
blended. After 20 min, 1 mL of 10% ammonium acetate buffer and 1
mL of 1 mM ferrozine color reagent were added and the mixture was
mixed well. The m.xture was allowed to stand at room temperature for
45 min before absorbance was determined at 562 nm. Tissue nonheme
iron was extracted with 0.5 mL of 25% trichloroacetic acid and 0.5 mL
of 4% pyrophosphate (Foy et al,, 1967). These were added to 0.8 mL
of 20% tissue homogenate and boiled in a waterbath for 20 min. The
mixture was then centrifuged at 4,000 X g for 5 min, and the supernatant
was retained. Extraction was done three times on each sample. One mL
of combined supernatant was used for determining nonheme iron by the
ferrozine method.
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RESULTS & DISCUSSION

Iron content

Muscle tissue contains considerable iron bound to proteins.
Myoglobin is the most abundant hemoprotein in muscle tissue.
Total iron content of beef round muscle was 24.10 + 1.15 (ig/
g wet weight, and nonheme iron content was 7.53 = 0.23 |ig/
g wet weight. The proportion of nonheme iron to total iron was
31.2%.

Effect of homogenizing buffers

We determined the inhibitory effect of phytic acid in beef
homogenates with several buffers including Tris, Hepes, Pipes,
phosphate, and NaCl at pH 6.5 on the formation of TBARS as
an indication of lipid peroxidation (Table 1). In the homogenates
with all homogenizing buffers, 2 mM of phytic acid inhibited
TBARS formation. The inhibition effect of phytic acid on lipid
peroxidation as well as the TBARS value was highest in hom-
ogenates with phosphate buffer. Phytic acid also inhibited lipid
peroxidation well in Hepes and Pipes buffers but had a low
inhibitory effect when used in NaCl or Tris buffer. The TBARS
value was lowest with Tris buffer.

Tris, Hepes, Pipes, phosphate, and NaCl buffers have been
used in studies of metal-catalyzed oxidation, and they may affect
experimental data by chelating metals or changing their redox
state, ultimately resulting in Fe2+ autoxidation (Miller et al.,
1990). Phytic acid is also known to accelerate autoxidation of
Fe2+ to Fe3+ (Graf and Eaton, 1990) and to form a unique iron
chelate (Graf et al., 1987). Thus, actions of phytic acid may be
complicated by the use of such buffers in metal-catalyzing lipid
peroxidation studies. Several types of phosphates inhibit lipid
peroxidation and prevent warmed-over flavor (WOF) in beef
and turkey (Akamittath et al., 1990; Trout and Dale. 1990). Such
actions induced by high doses of phosphates may be due either
to action of chelators of free metals (Tims and Watts, 1958), to
shifting the ratio of Fe2#/Fe3+ (Aust et al., 1985) and/or to in-
creasing pH (Miller et al., 1986). However, in our results the
formation of TBARS in the beef homogenates with the phos-
phate buffer was increased over that in the other buffers. The
small amount of phosphate (50 mM) might provide an appro-
priate environment for maximum lipid peroxidation by main-
taining the ratio of Fe2+/Fe3+ at 1:1 (Aust et al., 1985).

Tris, Hepes and Pipes can also affect metal-catalyzed reac-
tions by forming metal complexes. They seem to have their most
pronounced effects in conjunction with other weak metal che-
lators. Tris inhibited lipid peroxidation in a system without Fe3+
chelators (Miller et al., 1990). NaCl oxidizes myoglobin to met-
myoglobin via an anion-promoted autoxidation and eventually
increases lipid peroxidation (Wallace et al., 1982). In addition,
NaCl seems to displace iron ions from binding sites and thereby
affect nonheme iron-dependent muscle lipid peroxidation (Kan-
ner et al.,, 1991a). Although the mechanism of the antioxidant
action of phytic acid on such homogenizing buffers was not
elucidated in our study, the extent of the effect of phytic acid
varied among buffers. Thus, buffers for such studies should be
carefully selected.

Influence of pH

The ability of 2 mM phytic acid to inhibit lipid peroxidation
at various pHs was determined (Table 2). As pH increased,
TBARS formation increased in homogenates with 50 mM Hepes
buffer and the inhibition by phytic acid also increased with pH.
Metal-phytate complexes are highly insoluble over a wide pH
range (Graf and Eaton, 1990). The action of phytic acid may
inhibit metal-catalyzed lipid peroxidation over a wide pH range.
Our results showed that the antioxidant effects of phytic acid
were much higher at neutral or higher pH.

Nonheme iron-catalyzed oxidation is pH-sensitive and is most
active in acidic pH; the optimum pH is 5.5. No catalysis occurs

Table 1—Effect of phytic acid (2 mM) on lipid peroxidation in beef homo-
genate with varying buffers (50 mM) at pH 6.5a

TBARS Inhibition

Buffersb Inmole/g sample) (%)
Tris

Control 7.92 * 0.19

Phytic acid 592 + 031 25.3
HEPES

Control 10.29 + 0.14

Phytic acid 430 + 0.14 58.2
PIPES

Control 12.08 £ 0.38

Phytic acid 5.76 + 0.59 52.3
Phosphate

Control 43.88 1.00

Phytic acid 1752 0.14 60.1
NaCl

Control s.s6 £ 0.27

Phytic acid 6.92 £ 0.19 21.9

3 Data represent the mean + SD of three determinations.

bTris: tris {hydroxymethyl) aminomethane, HEPES: N-2-hydroxyethyl piperazine-N'-2-
ethanesulfonic acid, PIPES: piperazine-N,N'-bis(2-ethanesulfonicacid), Phosphate: so-
dium phosphate {dibasic anhydrous).

Tabte 2—Effect of phytic acid (2 mM) on lipid peroxidation in beef homo-
genate with 50 mM Hepes buffer at varying pHa

TBARS (nmole/g sample)

pH of Inhibition
homogenate Control Phytic acid (%)
5.0 3.46 + 0.43 240 + 0.19 30.6
6.0 8.40 + 0.39 5.05 + 0.43 39.9
7.0 26.88 + 0.38 6.48 + 0.44 75.9
8.0 30.39 + 0.43 5.95 + 0.55 79.4

3 Data represent the mean + SD of three determinations.

above pH 6.4 (Wills, 1965). At low pH levels, no matter how
much phytic acid is present, iron would be available to partici-
pate in lipid peroxidation. On the other hand, hemoprotein-cat-
alyzed oxidation is most active at alkaline pH (Lee et al., 1975).
Methemoglobin accelerates linoleic acid peroxidation at pH
from 5.6 to 7.8; catalysis is especially rapid at higher pH. In a
model system of linoleic acid emulsion, the oxygen uptake rate
by a chicken homogenate in phosphate buffer increased with
pH; uptake at pH 7.5 was about two times greater than at pH
<7.0, indicating that hemoprotein catalyzed lipid peroxidation
(Lee et al., 1975). Catalysis of lipid peroxidation by ascorbate
and ferritin-containing fraction from beef increased slightly with
increasing pH from 5.0 to 7.0 (Seman et al., 1991). Our results
with beef homogenate seemed to be characteristic of hemopro-
tein-catalyzed lipid peroxidation. However, many reducing or
oxidizing factors in beef muscle might affect lipid peroxidation
at different pH levels. At high pH the inhibitory effect of phytic
acid may be due to its binding with iron to form a complex that
may be unavailable to participate in lipid peroxidation.

Iron-induced lipid peroxidation

Addition of 10 ppm iron (FeCl3) to beef homogenate with 50
mM Hepes buffer at pH 7.0 enhanced lipid peroxidation (Fig.
1). However, the simultaneous addition of phytic acid reduced
TBARS to a level lower than in the control. The most important
catalysts of muscle lipid peroxidation appear to be free metal
ions, of which iron is probably the most active. Storing frozen-
thawed muscle, cooking, and adding of ascorbic acid or hydro-
gen peroxide to beef increase the amount of
low-molecular-weight iron (Decker and Hultin, 1990; Kanner et
al., 1991b). Baking and microwaving ground beef increases the
concentration of nonheme iron, as does the addition of ascorbic
acid and hydrogen peroxides (Schricker and Miller, 1983). The
amount of ascorbate-induced iron released from ferritin de-
creases as pH increases. Temperature also affects the release of
iron from ferritin. Physiological concentrations of heated and
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Fig. 1—Effect of 1 mM phytic acid (P.A.) and 10 ppm iron (FeCl3>
on lipid peroxidation in beef homogenate with 50 mM Hepes
buffer at pH 7.0.

Control

uncooked ferritin can catalyze lipid peroxidation of beef in the
presence of ascorbic acid or cysteine, promoting the develop-
ment of rancidity and WOF (Decker and Welch, 1990).

In our study, the added ferric ion could produce lipid peroxyl
radicals by decomposing the lipid hydroperoxides preformed in
the muscle food or formed in the process of homogenation,
which could stimulate the chain reaction of lipid peroxidation
by extracting further hydrogen atoms (Schaich, 1992). In addi-
tion, many reducing factors in muscle foods such as superoxides,
ascorbates, glutathione and cysteine may affect the reduction of
added ferric to ferrous ion which can initiate lipid peroxidation
via the iron-catalyzed Haber-Weiss reaction (Halliwell and Chi-
rico, 1993; Minotti and Aust, 1992). The action of phytic acid
may be due to maintaining the ferric ion state and chelating with
ferric ion, which inhibits the initiation and propagation of lipid
peroxidation.

Concentration-dependent effect

We measured the ability of phytic acid (0 to 20 mM) to inhibit
lipid peroxidation (Fig. 2). Phytic acid inhibited formation of
TBARS in a dose-dependent manner. At 20 mM of phytic acid,
inhibition was 86.9%. Iron bound to negatively charged phos-
pholipids promotes lipid peroxidation and consequently gener-
ates WOF (Graf and Panter, 1991). Iron chelation by phytic acid
reduced formation of WOF. Phytic acid exhibits a high affinity
for polyvalent cations and forms water-excluding chelates (Graf
et al., 1984). One phytate molecule can bind up to six divalent
cations and the metal might bridge two or more phytate mole-
cules, depending on the redox state (Graf and Eaton, 1990).
When all six coordination sites in Fe3+phytate chelate are oc-
cupied, the chelate cannot participate in the Fenton reaction.
This explains how phytic acid inhibits -OH generation and sub-
sequent lipid peroxidation (Graf et al., 1984). In molar ratios of
0.25 phytate-to-iron and above the superoxide-driven generation
of hydroxyl radicals is almost completely blocked (Graf and
Eaton, 1990). Mathematically if 0.135 mM (7.54 mg/kg) of non-
heme iron was in the beef, 0.034 mM of phytate or more would
block completely the hydroxyl radical production. The antioxi-
dant effect of phytic acid was largely due to its ferroxidase ac-
tivity (Graf et al., 1987). Phytic acid accelerates the oxidation
of Fe2+ but does not affect reduction of Fe3+

Comparison with other antioxidants

Commercially used food antioxidants including ascorbic acid,
BHT, and EDTA were compared with phytic acid to determine

30

TBARS (nmole/g sample)

0 0.002 0.02 0.2 2 20

Concentration of phytate (mM)

Fig. 2—Effect of phytic acid on lipid peroxidation in beef homo-
genate with 50 mM Hepes buffer at pH 7.0.

30

TBARS (nmole/g sample)

A.A. BHT EDTA
Antioxidants (2 mM)

Fig. 3—Effect of antioxidants (2 mM) on lipid peroxidation in beef
homogenate with so mM Hepes bufferat pH 7.0. A.a. = ascorbic
BHT =

P.A.

Control

acid; butylated hydroxy-toluene; EDTA = ethylene diami-

netetraacetic acid; P.A. = phytic acid.

lipid peroxidation inhibition in beef homogenates (Fig. 3). Phy-
tic acid inhibited TBARS formation by 73.7%, more than the
other antioxidants (50.2% for ascorbic acid, 59.2% for BHT and
66.3% for EDTA). When meat is cooked, iron liberated from
myoglobin interacts with phospholipids to catalyze lipid per-
oxidation, thereby increasing the development of WOF. This
Fc3 -phospholipid complex increases TBARS by catalyzing the
rapid autoxidation of its unsaturated fatty acyl moieties. Both
EDTA and ascorbate can be antioxidant and prooxidant de-
pending on iron concentration and degree of hydrophobicity of
substrate microenvironment (Mahoney and Graf, 1986). The an-
tioxidant effect of EDTA may be due to the inhibition of non-
heme iron activity. However, EDTA did not affect the oxidation
catalyzed by hemoproteins such as hemoglobin or cytochrome.

The ability of ascorbic acid to inhibit oxidation is probably
due to its ability to keep the heme pigment in the inactive fer-
rous state. Harel et al. (1988) found that EDTA at the relatively
low concentration of 20-25 |iM inhibits redox-cycle membrane
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lipid peroxidation. Free metal ions increase lipid peroxidation
in minced turkey muscle and EDTA inhibits lipid peroxidation
in both raw and heated turkey muscle (Kanner et al., 1988b).
Vitamin C treatment in raw ground beef showed low pigment
and lipid peroxidation (Mitsumoto et al., 1991). Ascorbic acid
inhibits lipid peroxidation in a concentration-dependent manner.
Low levels of ascorbic acid promote WOF caused by lipid per-
oxidation. High concentrations of ascorbic acid inhibit WOF as
determined by the TBA test (Fischer and Deng, 1977; Sato and
Hegarty, 1971). Ascorbic acid accelerates iron-catalyzed lipid
peroxidation, while it delays the hemoglobin-catalyzed lipid per-
oxidation (Wills, 1965). Addition of 100 ppm ascorbic acid to
linoleate emulsions does not affect oxygen uptake at pH 5.6, but
strongly inhibits uptake at pH 7.8 (Fischer and Deng, 1977).
Oxidation of ascorbic acid is reduced to baseline when 1 mM
phytic acid is included in the Fe3+hydrogen peroxide samples
(Empson et al., 1991).

Although phytic acid is not listed as GRAS (generally rec-
ognized as safe) by the Food and Drug Administration of the
United States, it is extensively used as a food additive outside
the U.S. The antioxidant or iron-chelating properties of phytic
acid render this compound a unique and versatile food preser-
vative. Phytic acid can be added to soybean oil and other lipid-
containing foods to prevent both autoxidation and hydrolysis.
Addition of phytic acid to meats, fish meal pastes, canned sea-
foods, fruits, and vegetables prevents both product discoloration
and lipid peroxidation, resulting in improvement of the nutri-
tional quality of many foods and prolonged shelf-life.

CONCLUSIONS

The addition of small amounts Of phytIC acid may inhibit
lipid peroxidation both by accelerating autoxidation of ferrous
to ferric ion and by forming catalytically inactive iron chelates.
Phytic acid more effectively inhibits lipid peroxidation than
other antioxidants such as ascorbate, BHT and EDTA in beef
homogenates. Its antioxidant effect is concentration- and pH-
dependent. Presumably phytic acid removes myoglobin-derived
iron from negatively charged phospholipids and prevents their
autoxidation and off-flavor formation. In stored or mixed foods
such as chili con came, phytic acid may protect against lipid
decomposition by iron-catalyzed peroxidation.
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Flaked Sinew Addition to Low-fat Cooked Salami

V. LETELIER, C.L. KASTNER, P.B. KENNEY, D.H. KROPF, M.C. HUNT, and C.M. GARCIA ZEPEDA

ABSTRACT

Flaked sinew (FS) was added at three levels (7.5, 15, and 22.5%) to
low-fat, 20% added water (AW) salamis. A 1.27 cm Comitrol machine
head was used to produce large (flaked once) and small (flaked twice)
particle sizes. Treatments were preblended (P) and non-preblended (N).
P and N controls contained 10% and 20% fat, respectively. Addition of
FS decreased (P < 0.05) moisture compared to controls. Yields de-
creased (P < 0.05) as FS increased regardless of particle size; however,
FS addition minimized purge. Lightness increased (P < 0.05) as FS
increased in N treatments compared to the low-fat control. Break force/
cm2 increased (P < 0.05) in P controls compared to N controls. Large
FS particle size N treatments had higher (P < 0.05) peak force values
than those with small particle size. FS treatments were comparable to
high-fat controls in palatability traits.

Key Words: beef, sinew, texture, salami, low-fat

INTRODUCTION

Processed meats account for about 30% of U.S. meat pro-
duction. Concern over calorie and salt intakes has resulted in a
general reduction of meat consumption. New processes are be-
ing used to produce lower fat products, while attempting to min-
imize any resulting undesirable characteristics. Connective
tissue proteins from hide and meat trimmings have been used
as texture-modifying ingredients in many products such as ham-
burger (Chavez et al., 1985; Hunt and Campbell, 1992); emul-
sified sausages (Saffle et al., 1964; Jones et al., 19823, b); and
restructured meats (Liu et al., 1990; Kenney et al., 1992).

Desinewing technology has enabled removal of heavy con-
nective tissue from less tender meat cuts to increase value and
improve texture (Cross et al., 1978). This has produced a by-
product, connective tissue trimmings, which could be modified
and added to meat products. Particle size reduction permits pro-
duction of flaked sinew (FS) of different particle sizes, which
could make this by-product easier to handle and mix with other
meat sources.

Preblending could be used to maximize the functional con-
tribution of myofibrillar proteins (which are the most functional)
when some would be replaced by lower quality proteins like
connective tissue. Preblending the myofibrillar (salt-soluble pro-
tein) portion would allow more time for proteins to react with
salt, phosphate, and water and improve functional characteristics
(Hand et al., 1987; Acton and Saffle, 1969; Ockerman and
Crespo, 1982).

Our objective was to evaluate the effect of flaked sinew (FS),
at different levels and particle sizes, as well as the effect of
preblending on chemical, color, storage, texture, and sensory
characteristics of low-fat beef salami.

MATERIALS & METHODS

Shanks from A-maturity cattle Were desinewed using a
Baader Desinewer (Model 699) at the IBP plant in Emporia,

Authors Kastner, Kropf, Hunt, and Garcia Zepeda are affiliated
with the Dept, of Animal Sciences & Industry, Kansas State Univ.,
Weber Hall, Manhattan, KS 66506. Author Letelier is with Western
States Meat Association, Oakland, CA 94604. Author Kenney is
affiliated with the Division of Animal & Veterinary Sciences, West
Virginia Univ., Morgantown, WV 26506.

KS. The sinew was frozen (—20°C), tempered to 0°C, and ini-
tially flaked, using an Urschel® comitrol machine (1.91 cm com-
itrol head No. 2-J-030750). Then a 1.27 cm head (2-K-020050)
was used to produce large (L) and small (S) particle sizes by
passing the sinew through the Comitrol one or two times, re-
spectively (Fig. 1). Temperature of flaked material never in-
creased above 2°C. The FS was mixed; sampled for moisture,
fat, and protein (AOAC, 1984); vacuum packaged in 1.2 kg
bags; and frozen until processing. Batches of 4.55 kg were for-
mulated with the Least Cost Formulator (Ldt., Inc., Virginia
Beach, VA).

Product manufacture

A processing scheme for manufacture of low- and high-fat salamis
was used (Fig. 2). Lean beef and beef fat were thawed for 36 hr at 4°C,
ground (first through a 1.27 cm plate and then a 0.32 cm plate), and
mixed with appropriate ingredients. The control salamis contained 10%
or 20% fat and 20% added water (AW) and were non-preblended (N)
or preblended (P) for 12 hr at 4°C after mixing for 4 min in a Hobart
mixer with 2.3% salt (includes salt contained in the prague powder),
0.25% prague powder (6.02% sodium nitrite), 0.3% tetrasodium phos-
phate, 0.05% sodium erythorbate, and 50% of the water. After preblend-
ing, the lean was mixed with the rest of the water; beef fat; and spices
(0.03% nutmeg. 0A8% black pepper, 0.12% coriander, and 0.03% all-
spice). The meat block for all sinew-containing treatments was replaced
partially with 7.5, 15. or 22.5% FS at either the L or S particle size and
formulated to contcin 10% fat and 20% (AW), P or N. A total of 48
treatments was evaluated during 3 days (replicates) of experimental
product manufacture (16 treatments/day). The raw mixture was stuffed
into a 6.35-cm-diameter fibrous casing using a piston stuffer (Frey,
Model Compacter 1). The product was clipped with a Poly-clip® (Nie-
decker Gbmh & Co., West Germany), weighed, and heat processed in a
Maurer smokehouse (Rauch und Warmetechnik Gmbh & Co., West Ger-
many) for 30 min a: 32°C, 30 min at 41°C, and 20 min at 49°C; smoked
for 30 min; then cooked 10 min at 54°C; and smoked again for 10 min
at 60°C. Finally, the temperature was elevated and held at 72°C and 50%
relative humidity until the product reached an internal temperature of
68°C. The product was showered with water for 20 min and chilled for
12 hr. Product temperatures were monitored with thermocouples and a
Doric Minitrend Data Logger (Model 205B-1-C-OTF).

Pumpability and pH

Raw product pumpability (kgffmn) was measured, immediately after
product mixing and after holding the product at 1,5°C for 24 hr, by using
an Instron (Model 4201) attachment to the Instron Universal machine
(Claus et al., 1990) in the 20% range of a 500 kg compression load cell
(100 kg) and a crosshead speed of 200 mm/min. The pHs of raw and
final products were measured by blending 10g of sample with 100 mL
distilled water and jsing a Fisher Accumet pH Meter (Model 620) and
Orion combination electrode. Measurements were repeated twice for
each treatment.

Cooking yield and purge loss

After the salamis were chilled for 12 hr, they were reweighed, and
the smokehouse cooking yield was calculated. Purge during storage was
determined by placing eight slices (=0.14 kg/package) into each of pack-
ages, which were weighed; vacuum packaged (SuperVac®, Smith Equip-
ment Co., Clifton, N.J. 07012) in 20.32 x 30.48 cm laminated Cryovac
bags; and stored for 1 week at 4°C. Also, two chubs/treatment were
weighed (=0.18 kg), vacuum packaged, and stored for 4 wk at 4°C.
Purge loss for both slices and chubs was determined by draining liquid
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Desinewed shanks

Frozen §-20' C)

iempered (0°C)

Flaked through 1.91 cm
Comitrol head

| ]

Flaked once through Flaked twice through
1.27 cm Comitrol head 1.27 cm Comitrol head

Large particle size| Small particle siz

&acuum packaged ‘acuum paokaéed

Frozen (-20°C Frozen (-20°C§

Fig. 1—Processing scheme for manufacture of large and small
flaked sinew.

from the bags for 25 sec into preweighed test tubes and calculating
percentage purge.

Chemical and color evaluations

Cooked product was analyzed for moisture (oven drying), fat (Foss-
Let Fat Analyzer), and protein (AOAC, 1984). A Hunter Lab D54 Spec-
trophotometer was used to measure cured color development of the
cooked salami. C1E L*, a*, and b* values for Illuminant A and C were
determined by the average of 2 measurements. The second reading was
taken after rotating the product 90° clockwise (Hunt et al., 1992). Also,
percent reflectance was measured at 650 and 570 nm, and the ratio of
those reflectance values was used to determine cured color development
(Erdman and Watts, 1957).

Texture

After 10 days of vacuum storage at 4°C, texture profile analysis pro-
cedures developed by Boume (1978) and Montejano et al. (1985) were
followed. A core of beef salami (2.5 cm diameter, 2.1 cm high) was
compressed axially to 75% of its height in order to determine hardness
(peak force of first compression curve), cohesiveness (ratio of area under
second compression curve and the area under the first compression curve
* 100), and springiness (base width of second compression divided by
base width of first). The Instron was programmed for a load range of 25
kg (5% of a 500 kg compression load cell) and a crosshead speed of
200 mm/min.

Lee-Kramer shear values were measured on 55 X 55 X 1cm sam-
ples of beef salami with the Instron Lee-Kramer cell utilizing a load
range of 25 kg (5% of a 500-kg load cell) and a crosshead speed of 350
mm/min. Peak force (kgf) and total energy (kgf*mm) were determined
and divided by the weight of each sample to determine force or energy/
g product. Tensile strength was measured using a range of 2.5 kg (10%
of a 50 kg tension load cell) and a crosshead speed of 200 mm/min.
Each end of a 1-cm-thick, 3-cm-wide strip was attached to pneumatic
grips via metal pins embedded in two metal plates, which were mounted
on crosshead pneumatic grips. Peak, break force, and total energy were
recorded. All texture measurements were repeated 3 times for each treat-
ment.

hawed (4°C

Ground through
1.27 cm plate

Ground through
0.32 cm plate

I
Lean beef was mixed
with salt, curing agents,
phosphate and added
water
[
[ ]
Preblend
(12 hr, 4°C)

Nonpreblend

Mixed with rest of
water, spices and beef
fat at levels specified

Mixed with rest of
water, spices and beef
fat at levels specified

[10% fat level] [20% fat level|

Sinew addition

Sinew addition

Large or Small

Fig. 2—Processing scheme for manufacture of low- and high-fat
salami.

Particle size
Large or Small

Sensory analysis

A trained, five-member, sensory panel from the Kansas State Univer-
sity Sensory Center was used to analyze beef salami for palatability
characteristics after 10 days of vacuum storage at 4°C. Trained panelists
had completed 120 hr of training in flavor and texture analysis, had
completed a minimum of 1,000 hr of general sensory testing, and had
experience on flavor and texture descriptive analysis in meat and meat
products. All panelists received 2 hr of orientation appropriate to this
study. Panel training consisted of panel members individually examining
a product representative of that under consideration (references). Scores
for each attribute were designated by the panelists using a 15-point scale
and placing the appropriate number on the score sheet. Slices of apple,
unsalted crackers, and water were given between samples. Sensory ses-
sions were held under red lights once a day for 4 days, until all treat-
ments were evaluated.

From each treatment a 1-cm-thick slice (5.5 cm diameter) cut in half
was presented to each panelist. They evaluated completeness of shear (0
= small residue to 15 = large amount of residue), deformation (0 =
little deformation to 15 = large deformation prior to breaking), cohe-
siveness of mass (0 = distinct particles to 15 = mass of particles),
firmness (0 = little force to 15 = high amount of force), springiness (0
= small return to original shape to 15 = high return to original shape),
difficulty of mastication (0 = little force to chew sample to 15 = large
amount of force required to chew the sample), moisture (0 = small
amount of liquid to 15 = large amount of liquid), connective tissue
residue (0 = small amount of residual tissue to 15 = large amount of
residual tissue), connective tissue size (0 = small particles to 15 = large
particles), spice impact (0 = small amount of aromatic to 15 = large
amount of aromatic), saltiness (0 = small amount of sodium chloride to
15 = large amount of sodium chloride), and astringency (0 = little
puckering sensation to 15 = high puckering sensation).

Statistical analysis

Statistical analysis (SAS Institute, Inc., 1992) determined treatment
effect from 16 treatments and three replications by using a blocked one-
way analysis of variance. Various hypotheses were tested, comparing
means of treatment combinations and simultaneous tests of interaction
between FS particle size, and added FS level; preblending and FS level;
preblending, FS particle size and FS level; preblending and FS particle
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Table 1—Chemical composition of nonpreblended (N) and preblended (P)
cooked salamis with or without large (L) and small (S) particle sizes of
flaked sinew (FS) (means and standard error)

Treatments1t % Moisture % Fat % Protein! % AWk
NControl 10% 70.18a 11.38e 12.78b 19.05bc
NControl 20% 61.14e 21.283 10.40cde 19.53hc
NL 7.5% FS 67.36cd 13.82bc 8.469 33.52a

NL 15% FS 68.39bc 12.50cde 11.52bc 22.32b

NL 22.5% FS 67.64bc 13.46cd 19.07a -8.64d

NS 7.5% FS 67.51bcd 13.63c 9.18ef9 30.80a

NS 15% FS 67.48bcd 13.67bc 12.64b 16.92hc
NS 22.5% FS 68.21bC 12.74cde 19.46a -9.63d

PControl 10% 68.81b 11.97de 12.37b 19.32bc
PControl 20% 61.90e 19.70a 10.61cd 18.95hc
PL 7.5% FS 68.00hC 13.01cd 9.82def 28.73a

PL 15% FS 67.27cd 13.94hc 12.64b 16.71bc
PL 22.5% FS 68.38hc 12.53cde 19.44a -9.04d

PS 7.5% FS 67.91hc 13.13cd 8.70f9 33.10a

PS 15% FS 67.26cd 13.63c 12.78b 16.49¢c

PS 22.5% FS 66.25d 15.25b 18.79a -8.90d

SE 0.48 0.57 0.47 2.01

a‘9 Means in the same column with same superscript letter do not differ (P < 0.05).

h Control treatments were formulated to contain 10% or 20% fat.

1The percent value indicated on all FS added treatments represents sinew content.
JProtein values: 6.25, 6.20, and 6.15 for 7.5%, 15%, and 22.5% FS treatments, respec-
tively, and 5.97 for the control.

kAW = % moisture - 4 times the protein.

Table 2—Cooked yield, pH, and purge loss of nonpreblended (N) and pre-
blended (P) salamis with or without large (L) and small (S) particle sizes of
flaked sinew (FS) (means and standard error)

% Purge

Treatments9h % Yield PH cooked Slices Chubs
NControl 10% 89.78ab 6.32b 1.33a 0.78a
NControl 20% 91.33a 6.42ab 0.83b 0.50b
NL 7.5% FS 87.55cd 6.41ab 0.31c 0.00e
NL 15% FS 86.20de 6.46a 0.00d 0.00e
NL 22.5% FS 85.63ef 6.51a 0.00d 0.00e
NS 7.5% FS 87.25cd 6.42ab 0.00d 0.00e
NS 15% FS 87.43cd 6.50a 0.00d 0.00e
NS 22.5% FS 85.60ef 6.49a 0.00d 0.00e
PControl 10% 88.68hC 6.39ab 0.82b 0.24c
PControl 20% 90.48a 6.42ab 0.23c 0.10d
PL 7.5% FS 86.37de 6.41ab 0.00d 0.00e
PL 15% FS 86.17de 6.44ab 0.00d 0.00e
PL 22.5% FS 85.65ef 6.48a 0.00d 0.00e
PS 7.5% FS 86.020e 6.42ab 0.00d 0.00e
PS 15% FS 85.30ef 6.47a 0.00d 0.00e
PS 22.5% FS 84.40f 6.41ab 0.00d 0.00e
SE 0.57 0.05 0.07 0.03

a‘f Means in the same column with same superscript letter do not differ (P > 0.05).
9 Control treatments were formulated to contain 10% or 20% fat.
hThe percent value indicated on all FS added treatments represents sinew content.

size; Pand N controls; low- and high-fat controls; and preblending and
non-preblending.

RESULTS & DISCUSSION

Chemical composition

Moisture and fat contents of small FS particle size raw ma-
terials (moisture = 54.6%, fat = 17%) did not differ (P > 0.05)
from large FS counterparts (moisture = 55.4%, fat = 18.9%).
Chemical composition data (Table 1) showed that the N low-fat
control was within 1.38% and 0.95%, respectively, of the for-
mulated targets for fat (11%) and AW (20%), and the N high-fat
control was within 1.28% and 0.47%, respectively, of the target
amounts for fat and AW. The low-fat P controls were within
1.97% and 0.68% and the high-fat P controls were within 0.30%
and 1.05% of the target levels of fat and AW, respectively.
Protein content increased (P < 0.05) as added FS increased. FS
treatments were significantly different (P < 0.05) in moisture
from the N low-fat control. Preblending did not increase mois-
ture content or AW level for the treatments. End-point internal
temperature (data not shown) was the same (P > 0.05) among
treatments but the treatments with added FS required longer to

Table 3—Spectrophotometric color measurements of nonpreblended (N)
and preblended (Pl salamis with or without large (L) and small (S) particle
sizes of flaked sinew (FS) (means and standard error)

IHluminant C
Treatments*1l L* a* b* Ratioi
NControl 10% 50.38e 15.60ab 7.7494 2.58a
NControl 20% 53.16abcd  13.349 7.61h 2.31def9
NL 7.5% FS 52.00d 14.04f9  8.09efoh  2,42bod
NL 15% FS 52.56cd 14.94bcd  8.8labc 2 44pcd
NL 22.5% FS 53.63abc 14.08¢f9  8.96ab 2.27abc
NS 7.5% FS 52.20d 15.37abc  8.31lcdef  2.49ab
NS 15% FS 53.04abcd  14.71cdef 8.57bcde 2 4Qbcde
NS 22.5% FS 53.81abc 14.40ef0  9.22a 2.34cdef
PControl 10% 52.14a 15.928 7.97f9h 257a
PControl 20% 54.01ab 14.39def  8.34cdef  2.32cdefo
PL 7.5% FS 52.68bcd 15.09abcd  8.18defd 2 44bcd
PL 15% FS 52.84abcd 14 52cdef  g.35cdef 2 37bcdef
PL 22.5% FS 53.37abcd 14 55cdef g ggabcd  2.35cdef
PS 7.5% FS 52.72abcd 14 92bcde 8 06efogh  24-ibcde
PS 15% FS 54.13a 14.98ef9  8.55bcde  2.29ef9
PS 22.5% FS 53.90abc  13.409 9.02ab 2.219
SE 0.50 0.30 0.20 0.05

a'9 Means in the same column with same superscript letter do not differ (P>0.05).
h Control treatments were formulated to contain 10% or 20% fat.

'The percent value indicated on all FS added treatments represents sinew content,
i %R650/%R570 nm.

Table 4—Instron texture profile analysis of nonpreblended (N) and pre-
blended (P) salamis with or without large (L) and small (S) particle sizes of
flaked sinew (FS) (means and standard error)

TreatmentsSa Cohesiveness' Hardness* Springinessk
NControl 10% 36.42b 33.63abc 4.00f
NControl 20% 28.11b 35.83a 4.89bcdef
NL 7.5% FS 37.86b 33.78abc 4.33ef
NL 15% FS 34.29b 34.98ab 4.78cdef
NL 22.5% FS 41.94b 21.36e 6.11a

NS 7.5% FS 43.26b 23.91de 5.67abc
NS 15% FS 32.40b 25.60bcde 5.56abcd
NS 22.5% FS 74.78a 24.51cde 5.00bcdef
PControl 10% 47.65b 26.87abcde 5 22 abode
PControl 20% 41.94b 23.35de 5.89ab
PL 7.5% FS 48.52b 26.30abcde s 44 abed
PL 15% FS 39.50b 32.39abcd 4.11f

PL 22.5% FS 37.59b 33.61abc 4.33ef
PS 7.5% FS 43.23b 28.95abcde 4.56def
PS 15% FS 36.17b 32.62abcd 4.22¢f
PS 22.5% FS 29.64b 30.39abcde 4.22ef
SE 8.98 3.44 0.36

a'f Means in the same column with same superscript letter do not differ (P>0.05).
9 Control treatments were formulated to contain 10% or 20% fat.

hThe percent value irdicated on all FS added treatments represents sinew content.
' (A1/A2)* 100

iKgf

k (81/B2)

cook (about 2 more hr). This was probably because the FS re-
duced heat transfer within the sausage and increased moisture
loss, which caused a cooling effect. Minimal casing distortion
or wrinkling was noted with any treatment.

Raw product characterization

Final mix temperature was 0.7°C higher (P < 0.05) for high-
fat than low-fat controls. Particle size did not consistently affect
final mixing temperature, and preblending increased (P < 0.05)
final mixing temperatures of treatments by 1°C. The mean pH
of the N raw product was higher (P < 0.05) for the high-fat
controls (6.42) than the low-fat controls (6.29). The pH tended
to increase as FS addition increased. However, FS particle size
and preblending did not consistently affect pH (data not shown).

Raw product pumpability was not different (P > 0.05) be-
tween either low- or high-fat, P or N controls and FS treatments.
Preblending, FS particle size, and FS levels did not show con-
sistent effects on raw product pumpability (data not shown).
Eilert et al. (1991a) related rheological differences to the addi-
tion of flaked sinew in low-fat frankfurters. Raw batters with
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Table 5—Sensory analysis of nonpreblended (N) and preblended (P) cooked salamis with or without large (L) and small (S) particle sizes of flaked sinew

(FS) (means and standard error)

Treatments1t Moisture Shear force
NControl 10% 7.5f 12.Qhbe
NControl 20% 82bcd u 3%6
NL 7.5% FS 8.5b H 9

NL 15% FS 8.4hc 11,8abc
NL 22.5% FS 7 gedef 12.1ab
NS 7.5% FS 8.3hc 11 4bcde
NS 15% FS 9.6a 10.7e
NS 22.5% FS 7.5f 11.6Gabed
PControl 10% 80ocde 11 2cde
PControl 20% 7.7def 11 4bcde
PL 7.5% FS 7.6¢f 5abed
PL 15% FS 8 20cd i 7abe
PL 22.5% FS g Qbedef 12.1ab
PS 7.5% FS 8.4bc .

PS 15% FS 7.70ef 11 gate
PS 22.5% FS 9.3a 10.8%
SE 02 0.3

a'9 Means within the same column with same superscript letters do not differ (P> 0.05).
h Control treatments were formulated to contain 10% or 20% fat.
'The percent value indicated on all FS added treatments represents sinew content.

Deformation Firmness Springiness Cohesiveness
20d g gabed 7 4ab 6.4b
18-%hed 6.6bcd 7 2abc 6.2bc
9.5cd 6.4cd 6.9bcde 6.6b
9.6¢d 6.9abc 7 2abc 6.4b
10.1bc 6.6bcd 6.9bcde 6.4b
g ghbed 6.4cd 6.5 6.3hc
11.3a 4.7f 5.2f 7.8a
10.1bcd 7.4a 7.6a 5.8C
9. 6.1d g gbede 6.4b
g fcd 7.1ab 7 iabed 6.2bc
9.2d 6.9abc 7 2abe 6.4b
9.7dd 6.2d 6.7cde 6.6b
9.60d 6.7hcd 6.4e 6.5b
9.3cd 6.60cd 7 abed 6.7b
9.5¢cd 6 .8abcd 7jabed 6.2bc
10.8b 5.4e 5.3f 7.4a
0.3 02 02 02

Table 6—Sensory analysis of nonpreblended (N) and preblended (P) cooked salamis with or without large (L) and small (S) particle sizes of flaked sinew

(FS) (means and standard error)

Treatments1t Mastication Spice
NControl 10% 6.9ab 9 lab
NControl 20% 6.4bcd 88ihc
NL 7.5% FS 6.5bcd 9.2a
NL 15% FS 6.6Gabed 8.4bc
NL 22.5% FS 6.5bcd 8.9ahc
NS 7.5% FS 6.1d 86Gbe
NS 15% FS 4.9 8.3C
NS 22.5% FS 7.2a 88hc
PControl 10% 6.5bcd 9 lab
PControl 20% 6.7ahc 86Gahe
PL 7.5% FS 6.7ahc 8.9ahc
PL 15% FS 6.3cd 9.2a
PL 22.5% FS 6.3cd 9.0ab
PS 7.5% FS 6.3cd 9.2a
PS 15% FS g 7abcd 9.0ab
PS 22.5% FS 5.4e 8.7ahc
SE 02 0.3

a9 Means within the same column with same superscript letters do not differ (P>0.05).
h Control treatments were formulated to contain 10% or 20% fat.
'The percent value indicated on all FS added treatments represents sinew content.

high levels of connective tissue (30 and 40%) required more
force for extrusion, further indicating their more viscous nature.
Sadowska et al. (1980) attributed the increase in viscosity of
meat batters to the interaction of denatured collagen with water.

Cooking yield, cooked pH, and purge loss

Relative to controls, yield decreased (P < 0.05) with addition
of FS regardless of particle size (Table 2). Addition of 22.5%
FS reduced yields by «=4% compared to the 10% fat controls.
This results were not in agreement with Quint (1987) who ex-
plored beef connective tissue addition (0, 10, 20 and 30%) to
comminuted meat products. He noted that thermal processing
yields increased with an increase in connective tissue and an
increase in fat. Moreover, our yield data did not correspond with
Gillet’s (1987) results, as he observed no notable decreases in
product yield with increase in collagen level.

Preblending did not consistently affect cooking yields. Per-
haps the absence of any noticeable improvement in cooking
yield indicated adequate myofibrillar protein extractability in
both formulations (preblend and nopreblend) to bind available
water and fat (Pepper and Schmidt, 1975; Maesso et al., 1970).
Cooked product pH was not affected (P > 0.05) by FS level,
FS particle size, or preblending.

Relative to controls, purge accumulation decreased (P < 0.05)
in both slices and chubs of cooked salami with added FS of
either S or L particle size. This may have been due to increased

Saltiness FS residue FS size Astringent
9 (e 8 1bcd 7 4bcde 4 Gabe
9 G 828 82 4 5abc
9.1ab 6.7f 7.(ide 4.6ab
8.7abc 7.0¢f 7 Tede 4 1d
8.9abc 7 Ccde 7 3bcde 4 dabed
8.7bc 8.4ab 7.8ab 4 4abcd
9.0abc 80ncd 7 gbede 4 4abed
8.7° 8.9a 7 gabed 4.30d
9.1a 8.3abc 7 7abod 47a
8.7abc 8.3abc 7.8abc 4 3abc
8.9ahc 7.8bcd 7.8ahc 4 Gahe
9.0abc 7.6cde 7 ibede 4 5abc

9abc 7.5de 7 gbede 4.5abc
%%hbc 6.7 6.9 4 %bc
8.9ahc g 2abed 7.8ab 4 4abed
9.1ab 7 gbcd 7 gabede 4 4abed
01 0.3 0.3 0l

moisture loss during heat processing of the FS treatments. In

addition, probably better protein-water interactions (Regenstein,

1984) occurred upon heating and then cooling of the FS treat-
ments. When compared to N controls, preblending also reduced

(P < 0.05) purge.

Color evaluations

The CIE values for Illuminant C (Table 3) showed that L*
values increased (lighter color) (P < 0.05) for the FS treatments
when compared to the N low-fat control. This confirmed results
of Ambrosiadis and Wirth (1984), who reported that commi-
nuted products extended with connective tissue were lighter and
less red than controls. The P low-fat control was lighter than
the N low-fat control. The CIE a* values were lowest (P <
0.05) for the high-fat controls when compared to the low-fat
controls. The L*, a*, and b* values for Illuminant A (data not
shown) followed the same patterns as those for Illuminant C,
but were higher. Cured color development, measured by the
ratio of %R650/%R570 nm, indicated that the low-fat controls
had more (P < 0.05) cured color than the high-fat controls. Few
significant differences in L*, a*, and b* values and cured color
intensity were related to FS level and FS particle size. Blackmer
(1992) demonstrated that addition of connective tissue after the
second pass through the Baader Desinewing machine, and then
modified by freezing/shattering resulted in lighter low-fat
ground beef patties compared to controls.
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Texture measurements

Preblending reduced hardness (Table 4) of the controls, es-
pecially for the high-fat control (P < 0.05). Contrary to the
pattern shown for N products, FS addition increased (P < 0.05)
hardness for the P treatments regardless of particle size. N sam-
ples tended to decrease in cohesiveness (Table 4) as FS in-
creased up to 15%, but beyond that level, cohesiveness
increased (P < 0.05). P samples, however, showed a mean de-
crease (P > 0.05) in cohesiveness as FS level increased regard-
less of particle size. Low-fat salami controls tended (P > 0.05)
to be less springy (Table 4) than high-fat controls. Preblending
made the low-fat controls more (P < 0.05) springy, and FS
tended (P > 0.05) to decrease springiness of preblended treat-
ments.

Tensile peak and break force as well as total energy and break
force/lcm2 were not affected consistently by treatments (data not
shown). Preblending increased (P < 0.05) peak forces for both
low-fat (from 8.4 to 10.8 kgf) and high-fat (from 6.5 to 8.9 kgf)
controls. Results for Lee-Kramer shear peak force (kgf) per wt
and total energy (kgf'mm) per wt. confirmed the lack of dif-
ferences (P > 0.05) observed for Instron tensile strength meas-
urements of FS treatments (data not shown). Our results
confirmed those of Quint (1987) who demonstrated that addition
of frozen, flaked beef connective tissue had no effect on instru-
mental textural measures of low-fat frankfurters. However they
contradicted Eilert et al. (1991b) findings that higher Kramer
shear values were observed in frankfurters with increased beef
connective tissue. N treatments with the L particle size of FS
had higher (P < 0.05) peak force values (2.8 kgf/g) than those
with the S particle size (2.5 kgf/g).

Sensory analyses

Sensory analysis for the cooked salami (Tables 5 and 6)
showed no differences (P > 0.05) among treatments for sensory
traits. Therefore, connective tissue levels up to 22.5% could be
added to cooked salami with minimal texture deviations from
low- and high-fat controls. Contrary to these results, Chavez et
al. (1985) found that hamburger patties extended with up to 20%
hide collagen (82.9% moisture content) increased in sensory
moisture. Whiting et al. (1987) reported that, in restructured beef
products, perception of connective tissue was not related directly
to the total amount of connective tissue in the product. Our
finding no difference in sensory FS residue among FS treatments
was in agreement with Whiting et al. (1987). However, Berry
et al. (1988) reported that excess gristle occurred with a higher
level of collagen (1.6% total collagen).

CONCLUSIONS

Trimming and reincorporation of connective tissue to proc-
essed meat products is a feasible alternative for production of
new low-fat meat products. Addition of flaked sinew up to
22.5% could be used as an attractive texture modifier ingredient
to low-fat, coarsely ground, processed products. Although FS
addition significantly reduced yield compared to controls, it re-
duced purge and enabled substitution of a lower cost raw ma-
terial during formulation.
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Dietary Supplementation of Vitamin E to Feedlot Cattle

Affects Beef Retall

J.A. SHERBECK, D.M. WULF, J.B. MORGAN, J.

ABSTRACT

Beef products from carcasses (n = 20) of cattle fed supplemental vitamin
E and beef products from commodity carcasses (n = 20), used as con-
trols, were compared to determine effects of increased vitamin E tissue
levels on display appearance of fresh beef held in supermarket and sim-
ulated retail conditions. Meat from cattle fed supplemental vitamin E
contained higher levels of a-tocopherol (P < 0.05) and, over time, ex-
hibited less lipid oxidation, brighter lean color and lower discoloration.
Monitoring supermarkets for discounted retail meats showed increased
levels of a-tocopherol in beef extended caselife and decreased the inci-
dence of discounted beef products.

Key Words: beef, vitamin E, color, retail display, feed supplement

INTRODUCTION

Color is an extremely critical component of appearance of
fresh red meat and has substantial influence on purchase deci-
sions. Kropf (1980) reported that consumers have learned
through experience that the desirable color of fresh beef was
bright cherry-red and that any deviation from this created a de-
gree of unacceptability. Such perceived freshness primarily de-
termines the retail caselife, or the length of time the product
displays the desirable bright-red color. Extending the period of
time that the color is bright-red should improve retail saleability.

Discoloration in retail meats during display conditions is a
combined function of muscle pigment oxidation (oxymyoglobin
to metmyoglobin) and lipid oxidation occurring in intramuscular
fat, intermuscular fat and (or) membrane phospholipids. These
two types of oxidation are closely related and have been hy-
pothesized to be caused by similar processes (Faustman and
Cassens, 1989). Extending the time beef retains its bright-red
color can be accomplished by preventing or delaying pigment
oxidation (minimizing formation of metmyoglobin). The state
of the whole-muscle meat pigment is influenced by temperature,
light source, microbial growth (Satterlee and Hansmeyer, 1974)
and the oxygen permeability of the packaging film (Kropf,
1980).

Vitamin E functions as a lipid-soluble antioxidant in cell
membranes (Linder, 1985), and its most active form is a-to-
copherol (Tannenbaum et al., 1985). Previous research has
shown the beneficial effects of dietary vitamin E supplementa-
tion on meat products obtained from carcasses of swine (Ya-
mauchi et al., 1980), poultry (Bartov and Bornstein, 1977) and
cattle (Faustman et al., 1989; Arnold et al., 1993).

The objective of our study was to determine the effects of
increased a-tocopherol levels in beef on storage quality of beef
retail meats during actual and simulated retail display.

MATERIALS & METHODS

Crossbred steers (N = 80) from a single source (Ainsworth Feedyard,
Ainsworth, Nebraska) were used. The steers were fed a conventional
finishing diet which was supplemented with vitamin E in the form of
dl-a-tocopheryi acetate (Hoffmann LaRoche, Inc., Nutley, NJ) through-

Authors Sherbeck, Wulf, Morgan, Tatum, and Smith are affiliated
with the Dept, ofAnimal Sciences, Colorado State Univ., Fort Col-
lins, CO 80523. Author Williams is with Roche Nutrients & Fine
Chemicals, Nutley, NJ. Address inquiries to Dr. J.B. Morgan.

Display Properties
D. TATUM, G.C. SMITH, and S.N. WILLIAMS

out the 123-day feeding period at a level of 500 IU/animal/day. Beef
from these steers will be referred to as VITE.

The steers were transported to a beef packing plant where they were
humanely slaughtered using conventional commercial procedures. Fol-
lowing a 24 hr chill (0 + 2°C), carcasses were evaluated and USDA
Quality Grades were recorded. Twenty VITE carcasses which graded
USDA Choice were randomly sampled from the Ainsworth source and,
20 commodity USDA Choice carcasses were selected randomly from the
inventory of the beef packing plant and used as controls (CONT). Guide-
lines of the Institutional Meat Purchase Specifications (IMPS) (NAMP,
1988) were followed during fabrication of the short loin (IMPS #174),
round knuckle (IMPS #167) and chuck roll (IMPS #116A) subprimal
cuts. During fabrication, a 10-g sample of muscle (chuck roll = Lon-
gissimus muscle, short loin = Longissimus muscle, and round knuckle
= Vastus intermedius, Vastus lateralis, and/or Rectusfemoris) was ran-
domly obtained from eight of the VITE subprimals and eight of the
CONT subprimals for a-tocopherol analysis. Samples were transported
to Colorado State University where they were packaged in aluminum
foil and frozen (—70°C) until subsequent analyses. The level of a-to-
copherol was determined in duplicate muscle samples, following sapon-
ification and extraction (Craig, 1994), by reverse-phase high performance
liquid chromatography and fluorescence detection (Craig et al., 1989).

Following vacuum packaging, the short loins and round knuckles were
transported via refrigerated truck to a central distribution warehouse in
Denver, CO. The bulk combo-packed chuck rolls were delivered to a
beef grinding plant and were ground through a plate with 1.27 cm ori-
fices, packaged in 4.54 kg chub casing packages and transported to the
same central distribution warehouse. All samples were stored until 12
days postmortem at 1-2°C in the same central distribution warehouse.
Following storage, the VITE and CONT short loins, round knuckles and
ground chuck chubs were transported to two retail outlets in Fort Collins,
CO. Upon arrival, the short loins and round knuckles were fabricated
into T-bone (IMPS #1174) and round knuckle (IMPS #1167) steaks,
respectively, as needed to stock retail cases. The coarse-ground chuck
was ground a second time through a plate with 0.32 cm orifices and
divided into various weight-portions for retail sale. All retail products
were placed on polyfoam trays, overwrapped in oxygen-permeable
(1000-1050 mL 02645 cm224 hr), polyvinylchloride packaging film
and placed in a commercial retail display case (1-2°C) under cool-white
fluorescent lighting (350-750 lux). A small distinguishing mark was
placed on each retail package to differentiate the two treatments. About
four times daily, University personnel counted the retail packages to
determine the number that had been sold, discounted in price and/or
discarded. Retail packages discounted in price and/or discarded were
quantified by the meat market managers at both cooperating stores, with
the assistance of University personnel.

A subsample of the retail meats (T-bone steaks, n = 3; round knuckle
steaks, n = 3; and ground chuck, n = 3) was obtained from each of the
retail stores and transported to the Colorado State University Meat Lab-
oratory. Samples were displayed under cool-white fluorescent lighting
(350-750 lux) in a refrigerated (1-2°C) retail-simulation area for a 7-day
period. On each day of display, the retail meats were visually evaluated
twice (7:00 am and 5:00 pm) by a four-member trained panel for lean
color and percent discoloration (Table 1). Scores from the daily evalu-
ations from all evaluators were averaged prior to statistical analysis. On
display days 1and 7, a 10-g muscle sample (ground chuck, T-bone steak
= Longissimus muscle, round knuckle steak = Vastus intermedius, Vas-
tus lateralis, and(or) Rectusfemoris) was obtained from each of the retail
items to evaluate the extent of lipid oxidation. This was measured using
the thiobarbituric acid (TBA) test procedure of Salih et al. (1987), with
the modification of 5% (w/v) aqueous trichloroacetic acid (Mallincrodt,
Inc., Paris, KY) used for extraction solvent. Reported values for TBA
number were expressed as mg malonaldehyde/kg muscle.

Data were analyzed as a completely random design for each day of
display except for visual assessment data (lean color and percent dis-
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Fig. 1—Changes in visual assessment scores for T-bone steaks
from CONT and VITE with time of display. Values represent
means = SEM. * = denotes significance (P < 0.05). ** = denotes
significance (P < 0.01).

Table 1—Visual evaluation scales for lean color and percent discoloration
Percent surface

Lean color (oxygenated)

8—Bright cherry-red
7—Moderately bright cherry-red
6—Cherry-red

5—Slightly dark-red
4—Moderately dark-red or brown
3—Dark-red or brown

2—Very dark-brown

discoloration

7—None
6-1-10
5-11-25
4-26-50
3—51-75
2—76-99
1—Complete

1—Extremely dark-brown or
green

Table 2—Least squares means for a-tocopherol level and TBA number

Short loin Round knuckle Chuck roll
VITE  CONT VITE CONT VITE  CONT
a-Tocopherol
(lig/g muscle) — 4.7* 35 6.9%* 3.4 5.2%* 2.8
TBA number3
day 1 0.18 0.19 0.19* 0.26 0.35**  0.18
day 7 0.31** 094 1.11*%* 2.00 0.42**  0.90

aTBA number=mg malonaldehyde/kg muscle.
‘ Denotes differences between VITE and CONT at P<0.05.
“ Denotes differences between VITE and CONT at P<0.01.

coloration) which were analyzed as repeated measures (Freund et al.,
1986).

RESULTS & DISCUSSION

The a-TOCOPHEROL concentrations for each beef subprimal
were higher for VITE than CONT (Table 1). Results, compared
by subprimal cut, indicated that amounts of a-tocopherol were
greater in VITE by 34%, 84% and 103% for short loin, chuck
roll hnd round knuckle, respectively. This elevation was ex-
pected because supplemental feeding of vitamin E has been
shown to increase tissue content of a-tocopherol (Faustman et
al., 1989).

Simulated retail visual assessments of lean color and percent
discoloration of CONT and VITE meats (Fig. 1, 2, and 3)
showed lean color became less desirable as display time in-
creased, and percent discoloration increased. No differences (P
> 0.01) in lean color and percent discoloration between CONT
and VITE T-bone steaks were detected on days 0 and 1 (Fig.
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Fig. 2—Changes in visual assessment scores for round knuckle
steaks from CONT and VITE with time of display. Values repre-
sent means + SEM. * = denotes significance (P < 0.05). ** =
denotes significance (P < 0.01).
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Fig. 3—Changes in visual assessment scores for ground chuck
from CONT and VITE beef with time of display. Values represent
means = SEM. * = denotes significance (P < 0.05). ** = denotes
significance (P < 0.01).

1). VITE T-bone steaks had desirable lean color throughout re-
tail display (P <0.01) whereas CONT T-bone steaks developed
dark red or brown colors by the end of the period. VITE T-bone
steaks had less discoloration (P < 0.01) than CONT T-bone
steaks on days 2, 3, 4, 5and 7. VITE round knuckle steaks were
brighter than CONT (P < 0.01) in lean color (Fig. 2) and had
less discoloration starting on day 1 and continuing throughout
day 7. VITE round knuckle steaks remained cherry-red in lean
color, with < 25% surface discoloration, throughout the display
period whereas CONT round knuckle steaks developed a dark
red or brown lean color and more discoloration. Ground chuck
(Fig. 3) had bright lean color and very little discoloration on
days 0 and 1 for both VITE and CONT ground chuck. Lean
color and percent discoloration on days 2-7 for CONT ground
chuck decreased more rapidly than did that for VITE ground
chuck. Arnold et al. (1993) found that feeding supplemental
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Fig. 4—Effects of dietary vitamin E supplementation on percent-
age of retail meats discounted when displayed under supermar-
ket conditions.

vitamin E to cattle extended the days (by 2 to 5 days) beef could
be displayed until unacceptable.

Analyses for thiobarbituric acid (TBA), on days 1 and 7 of
retail display (Table 2) were used to quantitate lipid oxidation.
On day 7, VITE meats had less lipid oxidation than CONT by
33 to 50% ofthat (P < 0.01) in CONT retail items. These results
confirmed those of Faustman et al. (1989) who found that beef
from Holstein steers fed supplemental vitamin E was less sus-
ceptible to pigment and lipid oxidation. Retail supermarket dis-
play data revealed that VITE decreased the number of
discounted retail meats (Fig. 4) when compared to CONT retail
meats.

CONCLUSION

Supplemental feeding of vitamin E tO feedlot cattle can
greatly improve caselife of fresh beef retail products. The lean
color and percent discoloration of VITE compared to CONT
was improved due to decrease in oxidation of pigment and lip-

ids. Using supermarket and simulated retail-display conditions,
the VITE retail items remained acceptable for a longer period
of time than did CONT retail items. These advantages will im-
prove the profitability of beef in the retail case thereby improv-
ing the competitiveness of beef as a protein source.
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Lactate Dehydrogenase Monoclonal Antibody Immunoassay
for Detection of Turkey Meat in Beef and Pork

CHENG-HSIN WANG and DENISE M. SMITH

ABSTRACT
Relative epitope binding positions on turkey muscle LDH of four mon-
oclonal antibodies (MAbs) was determined by comparing the absorbance
by sandwich ELISA from different combinations of capture and biotin-
labeled detector MAbs. Epitopes for MAbs E6B and B3C were close to
each other. Binding of MAb B3C and G4D did not inhibit binding of
D5E to LDH, thus a sandwich ELISA using D5E as capture MAb and
biotin-labeled B3C as detector MAb was developed. The LDH MAb
sandwich ELISA detected 1% adulteration of turkey breast or thigh mus-
cle in raw beef and pork.

Key Words: ELISA, lactate dehydrogenase, turkey, adulteration

INTRODUCTION

Immunoassays are used to detect adulteration, additives, mi-
croorganisms, mycotoxins, pesticides, drugs, and other constit-
uents in foods (Rittenburg, 1990; Samarajeewa et al., 1991;
Morgan et al, 1992). Enzyme-linked immunosorbent assays
(ELISAs) with monoclonal antibodies (MAbs) have been de-
veloped to study changes in structure and epitope (antigenic
determinant) regions of proteins, such as ovalbumin (Varshney
et al., 1991; lkura et al., 1992) and (3-lactoglobulin (Kamino-
gawa et al., 1989) during heat treatment.

Epitope mapping has been used to determine whether indi-
vidual MADbs developed against the same antigen bind to iden-
tical or overlapping epitopes (Harlow and Lane, 1988). When
epitopes are located in relatively close proximity on the anti-
gen’s surface, binding for MAbs will be mutually competitive
(Tzartos et al.,, 1981; Kordossi and Tzartos, 1987). Thus those
two MADbs could not be used as the pair of capture and detector
MADbs in sandwich ELISA. Therefore, epitope mapping is re-
quired to develop MAb sandwich ELISA. Competitive ELISAS
have been used to investigate the relative proximity of epitopes
recognized by different MAbs (Smith-Gill et ah, 1984; Pfeiffer
et ah, 1987; Smith and Wilson, 1992). For example, Smith and
Wilson (1992) found that 23 MAbs against rat brain hexokinase
were divided into 9 groups based on binding to defined surface
regions of the N- or C-terminal domains of the enzyme using
competitive epitope mapping methods.

Detecting adulteration of meat products with unlabeled meat
species is important for economic, health and religious reasons
(Andrews et al., 1992). Several ELISAs have been developed
for detection of species adulteration in raw meat using poly-
clonal antibodies (PAb) against serum albumins (Jones and Pat-
terson, 1986; Ayob et al., 1989) or sarcoplasmic proteins
(Martin et ah, 1988a, b). In those assays it was necessary to
reduce species cross-reactivity by immunosorbent affinity chro-
matography of each batch of polyclonal antibodies. To eliminate
this problem and insure a continuous and consistent supply of
antibody, several monoclonal-based ELISAs were developed.
Martin et al. (1991) described the preparation of sandwich
ELISA for the detection of chicken meat. Monoclonal antibodies
specific for a chicken muscle soluble protein, tentatively iden-
tified as 3-phosphoglycerate kinase (Martin et al., 1989), was
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used as the capture antibody (Martin et ah, 1991). Polyclonal
antibodies were used as detector antibodies.

Polyclonal antibodies against chicken muscle lactate dehydro-
genase (LDH) and turkey muscle LDH, and four MAbs against
chicken muscle LDH have been produced in our laboratory
(Wang et ah, 1992; Abouzied et al., 1993). Chicken muscle
LDH MADs cross-reacted with turkey muscle LDH, but not with
LDH from other species (Abouzied et al., 1993). Because of the
species specificity of LDH MADbs and unlimited supply of
MADbs, it would be highly advantageous to develop an LDH
sandwich ELISA using only monoclonal antibodies to detect
meat adulteration. Our objective was to determine the relative
position of MAb epitopes on turkey muscle LDH to design an
effective monocbnal-based sandwich ELISA, and to investigate
the feasibility of using this ELISA to detect turkey muscle in
beef and pork products.

MATERIALS & METHODS
Materials

Polyoxyethylenesorbitan monolaurate (Tween 20), 2,2'-azino-bis (3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS), biotinamido-caproate N-
hydroxysuccinimide ester, dimethyl sulfoxide and avidin-horseradish
peroxidase conjugate were purchased from Sigma Chemical Co. (St.
Louis, MO). Bovine serum albumin (BSA) (Traction V) was from Amer-
esco (Solon, OH). Microtiter plates (Immunolon-2 Removawells) were
from Dynatech Laboratories (Alexandria, VA). Turkey breast muscle
LDH was purified using ammonium sulfate and acetone precipitation
(Wang et al,, 1992). All other chemicals were of reagent grade or better.

Conjugation of biotin to LDH MAbs

Production of MAbs against chicken muscle LDH was described pre-
viously (Abouzied et al., 1993). Four MAbs (D5E, B3C, G4D and E6B)
were purified with 50% ammonium sulfate precipitation (Abouzied et
al., 1993) and a prctein G affinity column (Pierce, Rockford, IL). Biotin
was conjugated to purified MAbs according to Harlow and Lane (1988).

Titration for biotin-labeled MAbs

Biotin-labeled MAbs were titrated to determine the appropriate con-
centration to use in sandwich ELISA. Microtiter wells were coated over-
night (4°C) with 100 pL turkey breast muscle LDH (5 pg/mL) in 0.1M
sodium borate buffer (pH 9.6). Plates were washed four times with
0.15M NaCl, 0.01M Na phosphate buffer, pH 7.2, containing 0.05% (v/
v) Tween 20 (PBS-Tween). Wells were incubated with 300 pL 1% BSA
(w/v) in 0.15M NaCl, 0.1 M Na phosphate buffer, pH 7.2, containing
0.2% (v/v) Tween 20 (BSA-PBST) at 37°C for 30 min to minimize
nonspecific binding. After washing three times with PBS-Tween, 50 pL
biotin-labeled MAb diluted (1:50-1:800) in BSA-PBST was added to
each well. After incubation for 1 hr at 37°C and washing five times with
PBS-Tween, 100 pL avidin peroxidase conjugate (1/1500 in BSA-PBST)
was added to each well and incubated for 30 min at 37°C. Plates were
then washed 8 times with PBS-Tween. Bound peroxidase activity was
determined by adding 100 pL substrate solution (0.1M citrate buffer, pH
4.0, containing 0.025% (w/v) ABTS and 0.02% (v/v) 110.) to each well.
After 10 min at 25, the reaction was stopped by adding 100 pL 0.3M
citric acid containing 0.1% (w/v) Na azide to each well. Absorbance was
read at 405 nm using a Minireader Il (Dynatech).
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Fig. 1—Titration results for biotin-labeled lactate dehydrogenase
(LDH) monoclonal antibodies (MAb). Microtiter wells were coated
with turkey muscle LDH. Serial dilutions of biotin-labeled LDH
MADbs were used (avg of three replicate values).
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Fig. 2—Sandwich enzyme-linked immunosorbent assay for epi-
tope mapping of lactate dehydrogenase (LDH) monoclonal anti-
bodies (MAb) relation to level of LDH. Microtiter wells were
coated with MAb D5E as capture antibody. Biotin-labeled D5E,
B3C, G4D and E6B at 400, 200, 125 and 50-fold dilution, respec-
tively, were used as detector antibodies (avg of three replicate
values).

Sandwich ELISA for epitope mapping

Microtiter wells were coated with 100 pL MADb (as capture antibodies)
diluted (1/400 for D5E, 1/100 for B3C and G4D, and 1/50 for E6B) in
0.1M carbonate buffer (pH 9.6) and dried overnight at 40°C in a forced-
air oven. Wells were washed four times with PBS-Tween, and 300 pL
BSA-PBST was added to each well. Incubation was 30 min at 37°C.
After washing three times with PBS-Tween, 100 pL turkey breast muscle

LDH in BSA-PBST was added and incubated at 37°C for 1 hr. Plates
were washed four more times with PBS-Tween, and 100 pL biotin-
labeled MADb (as detector antibodies) diluted in BSA-PBST was added.
After incubation for 1 hr at 37°C and washing four times with PBS-
Tween, 100 pL avidin peroxidase conjugate diluted (1:1500) in BSA-
PBST was added to each well. Plates were incubated for 30 min at 37°C
and washed eight times with PBS-Tween. Bound peroxidase activity and
absorbance was determined as described. Relative position of epitopes
was determined by comparing absorbance of sandwich ELISA from dif-
ferent combinations of capture antibodies and detector antibodies.

Detection of turkey in meat

Pork sirloin, lean ground beef, turkey thigh and skinless ground turkey
breast were purchased from a local market. Pork or skinless turkey thigh
was ground through the 4-mm plate of a KitchenAid grinder (Hobart
Corp., Troy, OH). Meat (50g) containing 1,3, 10 and 20% (w/w) ground
turkey breast or thigh was homogenized with 150 mL 0.15M NaCl,
0.01IM Na phosphate buffer (pH 7.2) in a Waring Blendor for 90 sec.
The homogenate was centrifuged at 16000 X g for 20 min at 4°C, and
the supernatant was filtered through Whatman No. 1 filter paper. Meat
extracts were diluted (1:100-1:10000) in BSA-PBST and the amount of
turkey muscle LDH was determined by sandwich ELISA. Purified turkey
breast muscle LDH (0-100 ng/mL) was used to prepare a standard curve
in each plate, and results were expressed as pg LDH/g meat.

Statistics

Simple linear regression analysis was performed with a Lotus 1-2-3
program (Version 3.1, Lotus Development Corporation, Cambridge,
MA). All experiments were performed in triplicate.

RESULTS & DISCUSSION
Epitope mapping

For epitope mapping, each biotin-labeled detector MAb must
be used at a dilution that produces equal absorbance in ELISA.
The concentrations of biotin-labeled MAbs we used were based
on titration curves (Fig. 1). A similar ELISA absorbance (about
1.5) was observed for biotin-labeled D5E, B3C, G4D and E6B
at 400, 200, 125 and 50-fold dilution, respectively. Thus, these
dilutions of biotin-labeled MAbs were used in our study for
epitope mapping.

When D5E was used as capture antibody, ELISA absorbance
for biotin-labeled B3C and G4D increased from about 0.3 to
1.6-1.7 as LDH concentration was increased to 100 ng/mL (Fig.
2). These results suggested that the epitopes for B3C and G4D
were separated from D5E such that binding of LDH to capture
MADb (D5E) did not inhibit the binding of detector MAbs (bi-
otin-labeled B3C or G4D) to LDH. Therefore, peroxidase-con-
jugated avidin could bind biotin-labeled MAb and color
development was observed.

The ELISA absorbance for biotin-labeled E6B increased from
about 0.2 to 0.55 as LDH concentration was increased to 100
ng/mL when D5E was used as capture antibody (Fig. 2). This
suggested that epitopes for E6B and D5E were close to each
other, and binding of D5E to LDH inhibited access for biotin-
labeled E6B. Since both unlabeled and labeled D5E recognized
the same epitope, ELISA absorbance for biotin-labeled D5E as
detector antibody was very low (about 0.5 at 100 ng/mL LDH)
as expected. An average protein epitope reportedly covers an
area of about 2-7 nm2 and the antigen binding region of im-
munoglobulin G binds to a circular area of about 10 nm2 with
a diameter of about 3.5 nm on the surface of the antigen (Tzartos
et al., 1981; Kordossi and Tzartos, 1987). Hence, the distance
between epitopes for E6B and D5E is probably <3.5 nm; the
binding sites for B3C and G4D are probably separated from
D5E by a distance >3.5 nm. Although infrequent, binding of
one antibody might possibly induce conformational changes that
inhibit binding of the second antibody (Kordossi and Tzartos,
1987; Wilson, 1991).

The ELISA absorbance measured at 100 ng/mL LDH was
about 0.70 for the pairs B3C and labeled B3C, and G4D and
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Fig. 3—Sandwich enzyme-linked immunosorbent assay (ELISA)
for epitope mapping of lactate dehydrogenase (LDH) on different
capture monoclonal antibodies (MAb). Microtiter wells were
coated with different MAb as capture antibodies. Biotin-labeled
D5E, B3C, G4D and E6B at 400, 200, 125 and 50-fold dilution, re-
spectively, were used as detection antibodies. ELISA absorbance
was measured at 100 ng/mL of turkey muscle LDH Means +
standard deviation of three replicates are shown.
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Fig. 4—Schematic diagram indicating relative position of epito-
pes for lactate dehydrogenase (LDH) monoclonal antibodies
(MADb) deduced from sandwich enzyme-linked immunosorbent
assay. Circles represent the regions of MAb epitopes on turkey
muscle LDH. Overlapping circles suggest that binding of one MAb
precludes binding of second MAb.

labeled G4D (Fig. 3). The absorbance was about 0.5-0.6 for the
pairs D5E and labeled D5E, and E6B and labeled E6B at 100
ng/mL of LDH. The background absorbance (without LDH) was
about 0.2-0.3. These results indicated that when the capture
MADb was bound to turkey breast muscle LDH, binding sites
were available for the same biotin-labeled detector MAb. We
previously demonstrated that turkey breast muscle LDH con-
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Fig. 5—Detection of turkey muscle lactate dehydrogenase (LDH)
in beef containing different concentrations of turkey breast or
thigh muscle using sandwich enzyme-linked immunosorbent as-
say. Microtiter wells were coated with monoclonal antibody D5E
(400-fold dilutior) as capture antibody. Biotin-labeled B3C (200-
fold dilution) was used as detector antibody. Bars indicate stan-
dard deviation of the mean for three replicate values. Correlation
coefficient (r) was determined by linear regression.
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Fig. 6—Detection of turkey muscle lactate dehydrogenase (LDH)
in pork containing different concentrations of turkey breast or
thigh muscle using sandwich enzyme-linked immunosorbent as-
say. Microtiter wells were coated with monoclonal antibody D5E
(400-fold dilution) as capture antibody. Biotin-labeled B3C (200-
fold dilution) was used as detector antibody. Bars indicate stan-
dard deviation of the mean for three replicate values. Correlation
coefficient () was determined by linear regression.

tained 4 M subunits (Wang et al., 1992). Possibly the same
epitopes were found on different M subunits of turkey breast
muscle LDH, and capture antibodies did not bind to all the ep-
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itopes on the surface of LDH. Hence, some epitopes were still
available for biotin-labeled MADbs after LDH molecules were
bound by the same capture MADbs.

When B3C was used as capture MAD, the difference in
ELISA absorbance between biotin-labeled G4D and biotin-la-
beled B3C was about 0.1-0.2 (Fig. 3). This suggested that the
epitopes for B3C and G4D were close to each other and the
distance between these two epitopes was <3.5 nm. A similar
result was also obtained using G4D as capture MAb. High
ELISA absorbance (>1.30) was observed for the pairs G4D and
biotin-labeled E6B, and E6B and biotin-labeled G4D. These re-
sults indicated that the epitopes for G4D and E6B were not close
to each other.

The ELISA absorbance for biotin-labeled B3C was 1.1 when
E6B was used as capture antibody. This was between values
observed for an epitope distance <3.5 nm (about 0.6) and those
for an epitope distance >3.5 nm (about 1.5). These results sug-
gested that steric hindrance occurred and binding of LDH to
E6B partially inhibited the subsequent binding of biotin-labeled
B3C. Therefore, an intermediate ELISA absorbance was ob-
served. When epitopes are close enough (about 3.5 nm), steric
hindrance reportedly would occur, and binding of one antibody
partially would prevent binding of a second antibody (Pfeiffer
et al., 1987; Wilson, 1991). Thus, the distance between epitopes
for B3C and E6B was probably about 3.5 nm. A similar result
was also found using B3C as capture MAb and labeled E6B as
detection MADb. From the results, the relationship between epi-
topes for each LDH MADb could be determined, and a model
depicting the relative position of each epitope was postulated

(Fig. 4).

Detection of turkey muscle in meat

Since binding of MAb D5E did not influence binding of B3C
to LDH, an LDH sandwich ELISA with D5E as capture anti-
body and biotin-labeled B3C as detector antibody was used to
quantify turkey muscle in beef and pork. The amount of turkey
muscle LDH in beef increased as the content of turkey breast
or turkey thigh was increased (Fig. 5). A linear relationship be-
tween the amount of turkey muscle LDH and turkey content in
beef was observed with correlation coefficients for turkey breast
and thigh of 0.992 and 0.975, respectively. A linear relationship
between turkey muscle LDH and turkey breast content (r =
0.992) and turkey thigh content (r = 0.991) in pork was also
observed (Fig. 6). These results implied that the amount of tur-
key muscle LDH measured by sandwich ELISA might be used
to estimate the amount of turkey muscle in pork and beef.

The LDH content of turkey thigh was lower than that of tur-
key breast due to the differential binding ability of MAb D5E
to LDH isozymes (Wang et al., 1994). Since the amounts of
LDH in turkey breast and turkey thigh are different, the type of
turkey muscle must be known for accurate quantification. Nev-
ertheless, LDH MADbs sandwich ELISA could detect low con-
centrations of turkey muscle in beef and pork. ELISA
absorbance for the extracts of beef and pork containing 1% tur-
key breast or thigh muscle was about six- and threefold higher,
respectively, than those containing no turkey. These results in-
dicated LDH MADbs sandwich ELISA could be used to screen
for adulteration of raw beef and pork by turkey. This ELISA
could also be used to detect adulteration with chicken, as we
found in previous studies (Wang et al., 1992; Abouzied et al.,

1993) that the LDH antibodies recognized LDH from both
chicken and turkey muscle.
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Storage Stability of Vacuum Packaged Frozen Pork Sausage Containing
Soy Protein Concentrate, Carrageenan or Antioxidants

C.P. HO, D.L. HUFFMAN, D.D. BRADFORD, W.R. EGBERT, W.B. MIKEL, and W.R. JONES

ABSTRACT

Fresh pork sausage patties containing carrageenan, without or with soy
protein and an antioxidant were packaged with or without vacuum. They
were evaluated for sensory properties, visual color, thiobarbituric acid

wk intervals during 16 wk frozen storage. Rosemary extract was as ef-
fective as butylated hydroxytoluene (BHT)/propyl gallate (PG(/citric acid
(CA) in antioxidant properties, but patties with BHT/PG/CA showed less
surface discoloration (P < 0.05). in fat-control (FC) products, antioxi-
dants combined with vacuum packaging provided optimum protection
against rancidity. With vacuum packaging (VP), reduced-fat products
maintained acceptable quality (TBARS and sensory properties) during
16 wks frozen storage.

Key Words: pork sausage, reduced fat. vacuum packaging, antioxidants

INTRODUCTION

Oxidative rancidity IS an important factor affecting shelf life
of frozen fresh sausage products (Wanous et al., 1989). Lipid
oxidation occurring during storage results in disagreeable odor
and flavor which lessens the quality. Myoglobin oxidation
causes discoloration which influences consumer acceptance.
Sherwin (1990) reported that some processed meats, like fresh
sausage, were especially oxidation-prone even in frozen storage,
where grinding greatly increases exposure of lipids to air. Heme
pigments, in meat brought into contact with lipids, are strong
oxidation catalysts.

The inclusion of a combination of phenolic antioxidants bu-
tylated hydroxytoluene (BHT) or butylated hydroxyanisole
(BHA), propyl gallate (PG) and citric acid (CA), is an effective
way to decrease oxidation of sausage products (Douglas and
Pharlen, 1959; Paul et al., 1968). Hudson (1990) indicated that
phenolic antioxidants BHA and BHT were the most common
monophenolic antioxidants. Use of BHA has been limited in
food products, but BHT has become the choice of phenolic an-
tioxidants. Such antioxidants are soluble in fats and oils, stable
at high temperatures, and have synergistic actions with other
antioxidants, such as PG, and CA.

Extracts of rosemary are considered an effective alternative
to chemical antioxidants. Barbut et al. (1985) indicated that sup-
pression of lipid autoxidation by rosemary oleoresin was more
effective than a commercial BHA/BHT/CA blend. Rosemary ex-
tracts contain many compounds with antioxidant properties.
Four of these, rosmaridiphenol, rosmariquinone, rosmanol and
camosol, were identified as phenolic type compounds (Houlihan
et al., 1985), which probably function as free radical scavengers
similar to BHA and BHT (St. Angelo et al., 1990).

Effective packaging should maintain the quality of products
(Forrest et al., 1975). Polyethylene (PE) bags are commonly
used as packaging material due to their low cost and conven-
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ience. The usage of PE bags may result in reduced shelf life of
meat products because of increased fat oxidation and moisture
absorption rate, in comparison to products in vacuum bags
which are more costly (Almeida-Dominguez et al., 1992). Vac-
uum packaging of meat products can decrease rates of oxidation
and spoilage compared with oxygen permeable packaging
(Newton and Rigg, 1979; Lynch et al., 1986).

Our objective was to investigate the effects of various anti-
oxidants and packaging systems on storage stability and sensory
properties of reduced-fat fresh pork sausage products during fro-
zen storage.

MATERIALS & METHODS

Fresh boneless pork hams, picnics and back fat were obtained from
a local packer and stored at 4°C overnight before use. The raw materials
were trimmed intc lean and fat portions and ground separately through
a 1.27 cm plate using a Biro Automatic Food Mixer-Grinder (model no.
AFMG-48-11), and analyzed for fat content using the modified Babcock
method (Pearson and Tauber, 1984). Treatment formulations were: fat-
control (FC; conventional product containing 40% fat and 3% added
water), carrageenan-control (CC; reduced-fat product containing 9% fat,
0.4% carrageenan and 20% water), and carrageenan-soy product (CS;
reduced-fat product containing 9% fat, 0.4% carrageenan, 1.5% soy pro-
tein concentrate, and 20% water). Carrageenan (Viscarin SD 389) was
obtained from the Marine Colloids Div. of FMC Corp. (Philadelphia,
PA); soy protein concentrate (ARCON™ T, F250), from Archer Daniels
Midland Co. (Decatur, IL); preblended seasoning (salt 73.5%, dextrose
11.4%, chopped sage 7.3%, black pepper 1.4%, and ground red pepper
6.4%), from A.C. Legg Packing Co., Inc. (Birmingham, AL). Antioxi-
dants were added with other nonmeat raw materials during mixing (2
min) in a Hobart Paddle mixer (Model H-120, Hobart Co., Troy, OH).
Antioxidant treatments were: no antioxidant products, BHT/PG/CA
[products treated with a combination of 0.01% butylated hydroxytoluene
(BHT), 0.01% prooyl gallate (PG), and 0.01% citric acid (CA) based on
fat content], and rosemary extract [treated with rosemary extract (500
ppm based on fat content)]. BHT/PG/CA and rosemary extract were
obtained from A.C. Legg Packing Co., Inc. (Birmingham, AL). The
products were finely ground through a 0.5 cm plate, made into 50g
patties (10 cm dia and 0.5 cm thick) using a Hollymatic Food Portioning
Machine (Super 54, Hollymatic Corp., Park Forest, IL) and interleaved
with waxed patty papers. Two packaging systems were employed for
sausage patties within the same formulation and antioxidant treatment.
The patties were d:vided into 2 groups after freezing and packaging: PE-
bag packaging [PE; patties were packaged with oxygen-permeable PE
bags] and vacuum packaging [VP; patties were vacuum-packaged using
a TurboVac B.V. vacuum packaging machine (Type SB 600, Nether-
lands) and Cryovac vacuum bags (type 540, 8 X 14 cm, Cryovac Div.,
W.R. Grace and Co., Simpsonville, SC)]. All sausage patties were in-
dividually frozen, packaged 10/bag, placed in cardboard boxes and
stored at -20°C until used.

Thiobarbituric acid reactive substances (TBARS)

TBARS analysis procedure of Ke et al. (1984) was used to determine
the oxidative rancidity of sausage patties at 0, 4, 8, 12, and 16 wk frozen
storage. A standa-d curve (0 to 2.0 X 10-6 M) was prepared using
1,1,3,3-tetraethoxypropane (TPE) [malonaldehyde bis(diethyl acetal)].
Absorbance readings were taken at 538 nm (Lambda 4A, Model C099-
1232 spectrophotometer. Perkin-Elmer. Norwalk, CT) and compared to
a standard curve to determine malondialdehyde concentration in samples.
TBARS values were expressed as mg malondialdehyde/kg meat.
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Table 1—Composition and pH of uncooked fresh pork sausage patties
Formulation3

Traits FC cc cs SEMb
Moisture 49.8C 72.5d 70.8d 0.08
Fat 34.8C 7.7d 7.1d 0.06
pH 5.94c 5.98d 6.00d 0.008

3 Formulation codes: FC = regular pork sausage containing 40% fat, and 3% added
water; CC - reduced-fat pork sausage containing 7% fat, 0.4% carrageenan, and
20% added water; CS = reduced-fat pork sausage containing 7% fat, 0.4% carra-
geenan, 1.5% soy concentrate, and 20% added water.

bSEM = Standard error of the mean.

cd Means within a row with different superscripts differed (P<0.05I.

Table 2—Initial sensory properties of fresh pork sausage formulations
Formulation3

Traitb FC cC CS SEMC
Juiciness 6.9d 6.0e 5.7f 0.08
Tenderness 6.9d 6.1e 6.0e 0.07
Off-flavor 6.7d 7.0e 6.7d 0.09
Cohesiveness 5.7d 5.5d 6.5e 0.07
Mealiness 6.4d 6.6e 6.4d 0.07
Flavor intensity 5.9d 6.2e 6.0d 0.07

3 For formulation codes: see Table 1.

bluiciness, tenderness, off-flavor, cohesiveness, mealiness and flavor intensity were
rated on an 8-poInt scale where 1 = extremely dry, tough, strong, non-cohesive,
abundant, bland, and 8 = extremely juicy, tender, none, cohesive, none, intense.

¢ SEM—Standard error of the mean.

def Means within a row with different superscripts differed (P<0.05).

pH determination

The pH value of each fresh pork sausage product was determined
initially. Fresh pork sausage (10g) from each treatment was homogenized
for 30 sec with 100 mL distilled water using an Osterizer (John Oster
Mfg. Co., Milwaukee, WI). The pH values of prepared homogenate were
determined with a Fisher Accumet (model 805) digital pH meter
equipped with a combination electrode.

Proximate analysis

Raw samples were ground twice through a Kitchen Aid Mixer-Grinder
(Kitchenaid, Dayton, OH) equipped with a 0.48 cm plate and held at
—20°C for subsequent analysis. Moisture and petroleum ether-extracta-
ble lipid contents of products were determined in triplicate (AOAC,
1980).

Sensory evaluation

Frozen patties were griddle-broiled on a Special McDonald’s grill
(Model TG-72, Wolf Range Corp., Compton, CA) at a surface temper-
ature of 165°C for 4.5 min (1.5 min on each side, and another 1.5 min
on the first side) until internal temperature 78:C was achieved. Cooked
sausage patties were cut into four wedges and held less than 30 min in
a 40°C convection oven in metal pans with lids before evaluation by a
trained descriptive sensory panel. Training consisted of 30 min sessions
where panelists were served sausage patties that varied in attributes to
be evaluated. Training sessions were concluded when individual scores
did not vary more than one unit from the mean score and panelists were
comfortable with the evaluation system. Sausage patties were evaluated
for juiciness, tenderness, off-flavor, cohesiveness, mealiness and flavor
intensity on an 8-point scale. Samples were coded with random numbers
and one wedge of each treatment was served to panelists in a random
manner. Panelists were seated in individual booths under red light to
mask visual differences between samples (AMSA, 1978). Each treatment
replication was evaluated initially and at 4, 8, 12, and 16 wks.

Color evaluation

Frozen raw sausage patties were allowed to equilibrate at room tem-
perature («=23°C) for 30 min, overwrapped with an oxygen permeable
plastic film (Handi-Wrap Il, Dow Consumer Products Inc., Indianapolis,
IN) covering the exposed surface and then held an additional 30 min at
6-8°C prior to evaluation. A trained, 14-member color panel was used
for visual color determination. Patties were evaluated for overall color
(8 = extremely red and | = extremely brown) and for percent discol-
oration (0 to 100%) under warm white fluorescent lighting positioned to
provide 70 lumens at the counter surface. Training consisted of 30 min

sessions where panelists visually examined sausage patties that varied in
attributes to be evaluated. Training sessions were concluded when in-
dividual scores did not vary more than one unit from the mean score
and panelists were comfortable with the evaluation system. Two patties
of each treatment were evaluated for Hunter color ‘L’, ‘a’, and ‘b’ values
using the Hunter Lab Digital Color Difference Meter (Model D25D2A,
Reston, VA) following visual color determination. The Hunter Color
meter was standardized with a pink standard plate (L = 68.7, a = 23.0,
b = 9.4). Each treatment replication was evaluated initially and at 4, 8,
12, and 16 weeks in duplicate.

Statistical analysis

Statistical model used in the study was a split-plot design with three
replications (Steel and Torrie, 1980). The main plot was represented by
18 treatment combinations, arranged as a 3 X 3 X 2 factorial consisting
of three formulations (FC, CC, and CS), three types of antioxidants (no
antioxidant, BHT/PG/CA, and rosemary extract), and two packaging sys-
tems (PE-bag and vacuum packaging). The subplots were represented
by 5 storage periods (0, 4, 8, 12, and 16 wks). Data were analyzed using
analysis of variance by the general linear models procedure (GLM) of
Statistical Analysis System (SAS Institute, Inc., 1988). Least Square
Means was employed to separate the means (Steel and Torrie, 1980)
when analysis of variance indicated a significant (P < 0.05) effect.

RESULTS & DISCUSSION
Composition and pH

Compositions and pH analyses of raw fresh pork patties (Ta-
ble 1) showed antioxidants and packaging systems did not affect
initial compositions and pH (P > 0.05). FC contained the high-
est amount of fat and the lowest moisture (P < 0.05). No dif-
ferences (P > 0.05) occurred in the composition of reduced-fat
products. The pH values were higher for reduced-fat sausage
patties than for FC (P < 0.05) which may have resulted from
the basic properties of carrageenan (FMC, 1988). No differences
occurred in pH values between CC and CS (P > 0.05).

Sensory properties

Antioxidant and packaging system did not affect (P > 0.05)
initial sensory properties of fresh pork sausage products. FC had
a higher (P < 0.05) juiciness score than CC and CS (Table 2).
Significant interaction means for juiciness between packaging
system and storage time (Table 3) indicated that juiciness scores
for patties packaged in PE declined faster than those packaged
in VP (P < 0.05). This may be the result of higher moisture
losses in PE than in VP during storage. Reagan et al. (1983)
reported that juiciness scores for fresh pork sausage patties pack-
aged in PVC film declined after 21 days frozen storage (—18°C).
Matlock et al. (1984) also reported that VP improved juiciness
scores over sausage patties wrapped in PVC film. Tenderness
values (Table 2 and 4) were related to both formulations and
storage time (P < 0.05). FC patties were more tender than CC
and CS (Table 2). Tenderness scores declined (P < 0.05) during
extended frozen storage (Table 4). Matlock et al. (1984) also
reported this trend and explained that it may be due to the con-
comitant decline in juiciness. CC had less detectable off-flavor
than FC and CS (Table 2), indicating panelists detected more
off-flavor in the higher fat and soy protein concentrate treat-
ments. Significant interaction means (P < 0.05) for off-flavor
scores, stratified by formulation and storage time (Table 5)
showed FC had lower off-flavor scores (more off-flavor) after
12 wks (P < 0.05), while CS reached the same level off-flavor
as FC at 16 wks. However, reduced-fat patties made with car-
rageenan had less perceptible off-flavor through the end of the
study (16 wks). The soy protein concentrate may result in off-
flavor in reduced-fat sausage products after long term storage.
Significant interaction means of storage time and packaging sys-
tem (Table 3) indicated that the initial off-flavor score did not
differ (P > 0.05) between various packaging systems. After 4-
wk storage, VP significantly decreased incidence of off-flavor
(P < 0.05). At 12-wk storage, PE packaged patties had lower
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Table 3—Packaging effects on sensory and color traits during frozen storage

(o) 4
Traits PEh VP PE VP
Juiciness 6.2b 6.2b 5.9e 6.2b
Off-flavor 6.8° 6.7° 6.7e 6.9b
Cohesiveness 6.2b 6.1c 6.0d 6.1c
Discoloration 7.5b 8.5hc 10.0e 12.5d

Storage time (wk)

8 12 16
PE VP PE VP PE VP SEM’
5.9e 6.2b 5.8e 6.0f 5.7d 6.0f 0.07
6.7° 7.0b 6.4d 6.7e 6.le 6.5d 0.07
6.1e 6.2b 6.1e 6.2b 5.8e 6.2b 0.05
17.0e 18.0ef 19.5f 17.5e 26.09 25.09 0.58

aTraits: Juiciness, off-flavor, and cohesiveness; see Table 2, Discoloration; (0=no discoloration, 100=full discoloration),

bedefg Means within a row with different superscripts differed (P<0.05).
h Package codes: PE = oxygen-permeable polyethylene bags; VP = vacuum packaging.
1SEM = standard error of the mean.

Table 4—Effects of storage time on tenderness, flavor intensity and Hunter
color ‘L' values

Storage time (wk)

Traits3 0 4 8 12 16 SEMe
Tenderness 6.3b 6.2bc 6.2bc 6.1cd 6.0d 0.05
Flavor intensity 6.1b 6.1b 6.1b 58 509 0.04
Hunter ‘L' 47.9b 47.0b 458e 45.6e 44.6C 0.32
aTraits: Tenderness and flavor intensity; see Table 2, Hunter Colpr value; ‘L' = light-

ness/darkness (0 = black, 100 = white).
bed Means within a row with different superscripts differed (P<0.05).
eSEM = standard error of the mean.

Table 5—Effects of formulation and antioxidants on off-flavor, cohesive-
ness, and color during frozen storage

Storage time (wk)

Traits3 0 4 8 12 16 SEMI
Off-flavor
FCb 6.7e¢ 6.7e 6.8e 6.2* 6.2* 0.09
cC 7.1d 6.8e 6.8 6.7¢ 6.5e
CS 6.7e 7.0de 6.8e 6.5¢ 6.1*
Cohesiveness
FC 5.7d 55e 58d 58d 59* 0.07
cC 659 6.3h 6.3h 6.3h 6.1
CS 659 6.3h 6.3h 6.3h  6.11
Hunter "b"
FC 14.5d 14.2de 13.6e 14.2de 14.2de 0.16
cC 12.0f 117 9.09 120* 11.8*
CS 12.0f 117 8.69 11.8* 118*
Overall color
Nc 6.5e 6.0* 509 509 5.09 0.11
B 7.0d 6.0* 509 509 5.09
R 6.1f 6.0* 509 5.09 5.09
Hunter "a"
N 8.5d 68* 68* 66 6.09 0.16
B 8.9d 7.4e 7.2¢* 68 64*
R 9.0d 68 7.4e 679 6.29
aTraits: Off-flavor, and cohesiveness; see Table 2, Hunter color values; 'a' = redness/
greeness (+ = red, - = green), 'b' = Yellowness/blueness {+ = yellow, - = blue),

overall color; (8 = extremely red, and 1 = extremely brown).

b For formulation codes: see Table 1

cAntioxidant codes: N = no antioxidants, B = combination of 0.01% butylated hydroxy-
toluene (BHT), 0.1% propyl gallate (PG), and 0.01% citric acid based on fat content, R
= rosemary extractive (500 ppm based on fat content),

defghi Means within an evaluation trait with different superscripts differed (P < 0.05).

i SEM = standard error of the mean.

off-flavor scores (P < 0.05) than at 0, 4, and 8 wk. From 4-16
wk storage, VP decreased development of off-flavor (P < 0.05).
Starting at 4 wk frozen storage, PE sausage patties had less off-
flavor than those in VP (P < 0.05). Thus, VP was less effective
than PE in preventing development of off-flavor. This disagreed
with results of Lynch et al. (1986) working with storage stability
of ground beef. CS were more (P < 0.05) cohesive than FC or
CC (Table 2). Cohesiveness scores decreased and then increased
(P < 0.05) in FC as storage time increased (Table 5). In contrast,
reduced-fat products (CC and CS) decreased in cohesiveness
over storage (P < 0.05). Patties packaged in VP were more (P
< 0.05) cohesive than those packaged in PE beyond 8 wks
(Table 3). CC were less (P < 0.05) mealy than FC or CS (Table
2). Packaging systems and storage time did not affect mealiness
(P > 0.05). CC had higher (P < 0.05) flavor intensity than FC
and CS (Table 2). The flavor intensity scores of fresh pork sau-

sage patties were affected (P < 0.05) after 8 wks frozen storage
(Table 4).

TBARS

TBARS values are an indicator for development of oxidative
rancidity in meat products. Initial TBARS values indicated no
differences (P > 0.05) among formulations (Fig. 1). A signifi-
cant interaction of TBARS values occurred among formulations,
antioxidants, packaging systems and storage times (P < 0.05)
in fresh pork sausage patties (Fig. 1). In general, TBARS values
for all treatments increased over storage (P < 0.05). TBARS
were different (P < 0.05) between products without or with
antioxidant. In patties without antioxidant, TBARS in reduced-
fat products were lower (P < 0.05) than FC within a given
packaging system. Patties in VP had lower (P < 0.05) TBARS
than those packaged in PE with the same formulation. In prod-
ucts containing BHT/PG/CA, TBARS were <1 mg malondi-
aldehyde/kg meat after 16 wks frozen storage regardless of
formulation or packaging system. Products containing rosemary
extract had TBARS < 1 mg malondialdehyde/kg meat through-
out storage, with exception of FC in PE packaging at 16 wks.
BF1T/PG/CA and rosemary extract were effective in retarding
oxidation of fresh pork sausages. TBARS values for the regular
(FC) fresh pork sausages increased rapidly (P < 0.05) without
added antioxidant. However, in FC without antioxidants, VP (P
< 0.05) retarded oxidative rancidity, but TBARS values were
still higher than those of products containing antioxidants (P <
0.05). Thus, addition of antioxidants was effective in preventing
lipid oxidation in high-fat sausage products. In CC products, the
rate of oxidation was slower than FC. For VP patties, TBARS
of CC were lower than those of FC throughout frozen storage.
CS had higher (P < 0.05) TBARS than CC at 8-wks storage (P
< 0.05). Methods of packaging can affect TBARS values in
sausage products over storage. However, if products contain a
high amount of fat and have no antioxidant added, VP alone is
not a suitable replacement for antioxidants in high fat products.
With reduced-fat patties, VP alone aided in retarding oxidative
rancidity during frozen storage.

Visual evaluation

A significant interaction was found for overall color scores
among formulations, packaging systems and storage times (Fig.
2). Overall color scores decreased as storage time increased with
a change from reddish-pink to grayish-brown. FC patties had
less desirable color over the storage period than either CC or
CS (Fig. 2). VP resulted in lower color scores at week 4 for CC
and CS, but higher color scores at 8-16 wk storage compared
to PE. CC and CS visual color scores within packaging treat-
ment were similar from 8 through 16 wk storage. Overall color
scores for FC were not different (P > 0.05) between packaging
systems nor did color scores differ for reduced-fat treatments
between formulations (data not shown). BHT/PG/CA added
products had higher (P < 0.05) initial overall color scores than
other products (Table 5). However, after 4 wks no differences
occurred in overall color scores among patties with or without
antioxidants (P > 0.05). Lipid oxidation in muscle tissue has
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Fig. 1— TBARS values of fresh pork sausage patties stratified by antioxidants, formulations and packaging systems over storage

tim e. Treatment codes: FP = FC in PE; FV = FCin VP; CP = CC in PE; CV = CC in VP, SP = CS in PE; SV = CS in VP. Standard error

of the mean = 0.1109.
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Fig. 2— Overall color scores of fresh pork sausage patties in var-

ious formulations and packaging systems over storage time. FOI’

treatment codes; see Fig. 1 Standard error of the mean = 0.16.

been shown to enhance meat discoloration (Watts, 1962;
Greene, 1969). The products with BHT/PG/CA were lower (P
< 0.05) in discoloration than with no-antioxidant added and
rosemary extract added products (15.5 vs 16.8 and 16.3) re-
gardless of formulations and packaging systems. The discolor-
ation of products with rosemary extract were not different from
those products without antioxidant (P > 0.05). The discoloration
percentages of VP products were higher than those of products
packaged in PH at 4 wk storage period (Table 3). After 4 wk,
discoloration increased (P < 0.05) regardless of packaging sys-
tem.

Hunter color evaluation

Regular pork sausage patties (FC) had higher (P < 0.05) Hun-
ter color ‘L’ (lightness) values (54.26) than CC (42.07) and CS
(42.48) probably because of greater fat content in the FC prod-
uct (data not shown). There was a decline (P < 0.05) in Hunter
color ‘L’ values over time (Table 4). No significant differences
in Hunter color ‘L’ values were observed up to 4 wk frozen
storage. Surface color of sausage patties became darker as stor-
age increased. Generally, all treatments decreased (P < 0.05) in
‘a’ values over storage times (Fig. 3). Reduced-fat products were

VALUE

STORAGE TIME

(wk)

Hi o EpD rv EZH ¢p U9 cv ED s, CZ3 sv

Fig. 3— Hunter color "a" values of fresh pork sausage patties

w ith various formulations and packaging systems over storage
tim e. FOr treatment codes: see Fig. 1L Standard error of the mean
= 0.22.

redder than FC patties due to greater lean content. Hunter ‘a’
values decreased after 4 wk and then declined gradually over
16 wk storage in most reduced-fat products (except CC with
vacuum packaging). Initial Hunter color ‘a’ values were not dif-
ferent (P > 0.05) among treatments with or without antioxidants
(data not shown). However, at 4 wk storage, treatments with
antioxidant BHT/PG/CA were higher (P < 0.05) in Hunter color
‘a’ values than the others (Table 5). Hunter color ‘a’ values
decreased as storage time progressed. The differences among
antioxidant groups were not significant at 0, 8, 12 and 16 wk
storage (P > 0.05). FC had higher (P < 0.05) Hunter color ‘b’
(yellowness) than reduced-fat patties (Table 5). Hunter color ‘b’
values in all formulations declined (P < 0.05) at 8 wks and then
increased to original levels. There was no difference between
CC and CS in Hunter color ‘b’ values. A significant interaction
for Hunter color ‘b’ values in antioxidants along with packaging
systems occurred (Fig. 4).

CONCLUSIONS

In conventional Sausage products which contained a higher
level of fat, antioxidants were needed to prevent development
of oxidative rancidity, while, in reduced-fat products, vacuum
packaging (VP) maintained quality of fresh pork sausage during
16 wk frozen storage. Reduced fat sausage patties containing
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Fig. 4—Hunter color "b" values of fresh pork sausage patties
with various antioxidants and packaging systems. P = PE; V =
VP; N = no antioxidants; B = BHT/PG/CA; R = rosemary extract.
Bars with different letters differed (P < 0.05). Standard error of
the mean = 0.20.

carrageenan and water (CC) had higher flavor intensity scores
and less detectable off-flavor than regular pork sausage (FC) or
reduced fat sausage containing soy concentrate and water (CS).
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Pressure-Induced Dimerization of Metmyoglobin

A.B. DEFAYE and D.A. LEDWARD

ABSTRACT
Pressure treatment at 7.5 kbar of solutions of metmyoglobin led, as
shown by electrophoresis and chromatographic analysis, to the formation
of spectrally similar monomeric and dimeric forms. The dimer was
formed in the pH range 6-10, though maximum formation was around
the isoelectric point (pH 6.9). At acid pH no dimer or higher oligomers
formed. In sodium chloride (0.5 to 2M), at neutral pH lower concentra-
tions of dimer formed than in its absence. The dimer was stabilized by
SDS-labile linkages and had a slightly lower thermal denaturation tem-
perature than the monomer. If similar changes occur with other proteins,
then food quality may be modified by pressure treatments.

Key Words: meat, metmyoglobin, high pressure, dimerization

INTRODUCTION

The effect of high pressure On biological systems has been
studied for almost 100 years (Hite, 1899). High pressure can
bring about microbial destruction and markedly affect the rate
of enzymic reactions (Morild, 1981; Gould, 1994) as well as
modifying the rate of chemical reactions. In addition, it may
cause conformational changes in proteins if these are associated
with a decrease in volume (Morild, 1981).

Interest has been further stimulated by the commercial pos-
sibility of applying high pressure to preserve foods without un-
desirable sensory changes often associated with thermal proc-
essing. Thus research is undertaken on kinetics and mechanisms
of pressure-induced unfolding of proteins, and also on subse-
quent aggregation reactions. These lead to formation of gels and
precipitates and may greatly affect acceptability, especially tex-
tural quality of the food. Post-pressure effects are also important,
since foods would be stored prior to consumption. When a pro-
tein is subjected to high pressure the total charge would prob-
ably increase since ionization usually involves decrease in
volume (lsaacs, 1981). Such charged groups would be hydrated
but still may affect both unfolding of the protein and its sub-
sequent aggregation. Hydrophobic interactions would rupture
under pressure (Morild, 1981), while covalent linkages should
resist rupture. The fate of hydrogen bonds is less predictable in
biopolymer systems (Morild, 1981). If changes in conformation
occur following pressure treatment, then eating quality and shelf
life of a food containing such proteins would be affected since
their enzymic, chemical and or physical properties would
change. Metmyoglobin, as a well characterized protein, was
chosen for further study.

In agreement with earlier studies by Zipp and Kauzmann
(1973), we showed (Defaye et al., 1995) that, when metmyo-
globin was denatured by pressures of 7-8 kbars, it rapidly ‘re-
natured’ at all pHs except near the isoelectric point (pH 6.9).
At those pH values a precipitate formed. However, the precip-
itate behaved very differently from the precipitate induced by
thermal treatment. On standing it redissolved to produce a so-
lution with spectral properties similar to native metmyoglobin.
However, the nature of the resolubilized heme pigment was not
determined. Our objective was to determine the nature of the

Authors Defaye and Ledward are affiliated with the Dept, of Food
Science & Technology, Univ. of Reading, Whiteknights, P.O. Box
226, Reading RG6 2AP, England. Address inquiries to Dr. D.A.
Ledward.

renatured soluble metmyoglobin formed following pressure-
denaturation.

MATERIALS & METHODS

Horse heart metmyoglobin (LD+61H7106, Sigma Chemical Com-
pany, St. Louis, MO) was used without further purification. All solutions
were prepared with deionized, distilled water and pH adjustment was by
appropriate concentrations of HCL or NaOH. All other reagents used
were analytical grade.

Pressure application was at 7.5 kbar and ambient temperature (*=23°C)
for 20 min. Such conditions cause metmyoglobin to denature even at
neutral pH (Defaye et al,, 1994). The pressurized samples were left to
renature for 3 days at 5°C before analysis. At all pH values >97%
solubilization occurred under these conditions.

Electrophoretic analysis

Native and sodium dodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE) was performed in gels of 12.5% concentration (Andrews,
1988; Laemmli, 1970). Solutions were diluted with 0.125 M Tris buffer
(pH 6.8) to give a concentration of 1 mg/mL and 10 pg of protein was
applied to each well. Fixation of the protein was by 12% trichloroacetic
acid for 1 hr and staining using Coomassie brilliant blue G-250 (Neuhoff
et al,, 1988). Gels were scanned at 580 nm using a Shimadzu cs-9000
dual-wavelength flying spot scanner.

Sephadex chromatography

Samples (200 pL of 0.2% native or pressure-treated metmyoglobin)
were fractionated on Sephadex G-100 (bed volume 120 cm5 height 60
cm and flow rate 25 mbh ') in 0.05 M phosphate buffer, pH 6.8. Ab-
sorbance of the eluant was monitored at 220 nm. The column was cal-
ibrated with lysozyme (14,300), ovalbumin (45,000), trypsinogen
(24,000) and metmyoglobin (17,000). In some experiments, where
greater volumes for subsequent analysis were required, the sample vol-
ume was increased to 400 pL.

UV/isible spectrophotometry and differential scanning calorimetry

Spectra were recorded against distilled water in 1-cm cells at a scan
rate of 20 nm. min 1(Perkin-Elmer Lambda 5). Thermograms were ob-
tained using a Perkin Elmer DSC-7 calibrated with indium and zinc.
Samples of 5% pressurized or native metmyoglobin (30+2 mg of the
solution) were weighed (to 0.01 mg) into 50-pL standard aluminum pans
and sealed. Samples were heated from 40-90°C at 5°C/min with an
empty, sealed pan as reference. Onset temperature, first deflection from
the baseline (To) and peak temperalure (Tp) were measured.

Protein-to-heme ratio

After concentrating the fractions from Sephadex chromatography by
freeze-drying and redissolving in 3 mL deionized water, protein was
determined by the Sigma Diagnostics (1991) modified biuret method and
heme according to a modification of the method of Labbe et al., (1979).

RESULTS
Spectral analysis

The visible spectra of pressure-treated metmyoglobin at three
pH values (4.0, 6.8, and 9.0) were identical to those of native
proteins indicating the heme environments had not been modi-
fied to any notable extent following pressure treatment.
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Table 1— Proportion of slower moving component following pressure treat-
ment of 0.2% MetMb at different pH's (means + SD of 4 runs)

Initial pHa Concentration (%)

4.0 0

5.0 0

6.0 9.6+2.0
6.8 16.8+ 1.5
7.0 18.3+2.0
75 18.1+3.0
8.0 157+ 5.0
9.0 10.2+4.0
10.0 7.5+4.0

aFinal pH values are not quoted since they were variable. At around pH 4-5 they in-
creased by 0.2 to 0.7 units, at pH 7 there was little change (0.3 pH unit) and at pH
9-10 they decreased by 0.2 to 0.9 units.

Casin AT

1 2 3 4 5 6 7 8 9 10 11

Fig. 1—Typical native PAGE analysis (cathode top) of 1.2x10 4
M MetMb pressurized at different pH values and allowed to re-
nature for 3 days at 5°C. Lane 1, native; Lane 2, pH 9; Lane 3, pH
8; Lane 4, pH 7.5; Lane 5, pH 6.8; Lane 6, pH 7, Lane 7, pH 6.5;
Lane 8, pH 6; Lane 9, pH 5; Lane 10, pH 4; and Lane 11, native.

Electrophoretic behavior

Effect of pH and salt. Since no buffers were used, changes
in pH occurred in some samples (Table 1) and thus all pHs
indicated are initial pre-pressure-treated values. PAGE electro-
phoretograms at pH 6.8 of native and renatured metmyoglobin
following pressure treatment at pH 4-10 were compared (Fig.
1). The electrophoretograms indicated pH affected the nature of
the renatured products. At pH 5 and below, one band occurred
which migrated at the same rate as the native protein. At pH 6
and above, two bands occurred, one migrating with the same
mobility as native metmyoglobin and one more slowly. The pro-
portions of the two components were estimated by gel scanning
(Table 1). The maximum concentration of the slower moving
component appeared to be formed around the isoelectric point
of metmyoglobin, i.e., pH 6.9.

On one occasion, samples at pH 7-8 had further slower mov-
ing bands of low concentration indicating possible formation of
higher oligomeric products. No explanation could be found to
explain this one anomalous result.

Pressure treatment in sodium chloride solutions (0.5 to 2M)
at pH 6.8 yielded mixtures of the same two components found
in the absence of salt. The relative concentrations of the slower
moving component were 4.5, 10.0 and 9.9% of the total con-
centration value at 0.5, 1.0 and 2.0M salt (single run). When
electrophoresis was carried out in 1% SDS or a mixture of 1%
SDS plus 1% (3-mercaptoethanol no difference occurred be-
tween native protein and any pressure-treated samples.

Effect of concentration on ratio of the two components.
Different concentrations (0.2-20%) of metmyoglobin were pres-
surized at pH 6.8 and PAGE electrophoresis of the samples was

Table 2—Proportion of slower moving component following pressure treat-
ment of metMb at pH 6.8 (means + SD of 3 runs)

MetMb concentration Concentration

(%) (mean + SD of 3 runs)
0.2 16.8+ 1.5a

0.6 23.3+4.0

12 18.7+2.4

25 23.8+0.4

5.0 27.2+2.0

10.0 33.1+6.0
20.0 30.5+3.0

aMeans of four runs.

1.0

Absorbance

Fig. 2—Elution pattern of 1.2x10 4 M native (4 and pressure-
treated (—) MetMb on a Sephadex G-100 column with pH 6.8
phosphate buffer 200 pL of the native or renatured MetMb at pH
6.8 was applied to the column. Calibration proteins eluted at 67.5
mL (ovalbumin, ¢5,000), 82.5 mL (trypsinogen, 24,300) and 104
mL (lysozyme, 14,300). Native metmyoglobin (17,000) eluted at
87.5 mL and the ‘dimer' at 72.5 mL (estimated MW = 34,000).

performed at that pH. The proportion of each component was
estimated (Table 2). An increase in concentration of the slower
moving component appeared with increasing total concentration.
No additional bands were observed at 0.2% in any samples.

Sephadex chromatography

Sephadex chromatography of native and renatured material
demonstrated that renatured material had two distinct compo-
nents as compared to the one from native protein (Fig. 2). They
had molecular weights of about 17000, i.e., equivalent to native
metmyoglobin, and about 34000. This indicated that the slower
moving component was a dimer of metmyoglobin, stabilized by
SDS-labile bonds.

Differential scanning calorimetry

DSC analysis indicated little difference between unpressur-
ized and pressurized, resolubilized samples at pH 6.8 (Fig. 3).
The peak temperatures for renatured and native materials were
the same (75.5 £ 0.2°C and 75.7 + 0.6°C), but onset temperatures
were lower for pressure-treated samples (65.5+0.8°C) than for
native material (68.7 £ 0.8°C). This suggested that the dimer
(about 27% of the mixture, Table 2) was of slightly lower ther-
mal stability than the monomer. Values are means (+ standard
deviation) of 7 determinations.
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50 55 “60 65 0 5 80 85

Temperature (°C)

Fig. 3—Thermograms obtained at sc.c min 1 of 30.29 mg of 5%
native MetMb (dashed line) and 31.92 mg of s% pressure-treated
MetMb (solid line). initial pH =

6.8 in both cases.

Analysis of individual components

The two components from the pressure-treated system were
separated on Sephadex G 100 and subjected to both spectro-
photometric and chemical analysis. The UV/VIS spectra were
identical and typical of metmyoglobin. Analysis of heme and
protein contents of the fractions and native metmyoglobin in-
dicated relative ratios were the same, i.e., each apomyoglobin
chain had one heme group.

DISCUSSION

Several reports have indicated commercially prepared sam-
ples of metmyoglobin had a small amount of dimer. It has been
suggested that this dimer was formed during freeze-drying (van
den Oord et al.,, 1969). Gamma-irradiation of metmyoglobin can
also induce dimerization (Lycometros and Brown, 1973). How-
ever, in both cases the dimer appeared to be stabilized by non-
disulfide covalent bond(s) since it resisted dissociation by SDS,
urea and (3-mercaptoethanol. The dimer produced by high-pres-
sure treatment of metmyoglobin leads to formation of a dimer
on return to normal pressure. This was presumably stabilized by
hydrophobic and/or hydrogen bonds since it was dissociated in
SDS. The observation that salt had little effect suggested elec-
trostatic forces were not important in stabilizing the dimer,
though the slightly lower concentration of dimer found in the
salt solution suggests charge effects may have an indirect effect.
Thus, the dimer produced on pressure treatment differed from
those produced by drying or irradiation. Interestingly, in all
commercial samples of metmyoglobin analyzed, no evidence for
any component other than native monomer was found.

We also studied the renatured forms of metmyoglobin sub-
jected to both acid and urea dénaturation at atmospheric pres-
sure. On reducing pH of a metmyoglobin solution to 2.5 at room
temperature and subsequent renaturation at pH 7, a single com-
ponent of identical electrophoretic mobility to native material
formed. In addition, adjustment to pH 12 and subsequent re-
duction to pH 7 at normal pressure and room temperature
yielded a single component with identical mobility to native
protein. Following urea dénaturation at neutral pH (8M) and
renaturation by dialysis, only the monomeric, native protein was
formed. The formed dimers appeared to be resistant to small

changes in pH since reducing pH in solutions where both mono-
mers and dimers were present to pH 5 still yielded both forms
on electrophoresis at pH 6.8.

Protein aggregation is usually maximal at the isoelectric point
(Defaye et al., 1994). On subsequent resolubilization these so-
lutions contained the highest concentration of the dimeric met-
myoglobin. This was expected since protein-protein interactions
would be enhanced. Note that a change of a little more than one
pH unit to acid values resulted in no dimer formation on pres-
sure treatment. At alkaline values formation of the dimer still
occurred at the pH where no precipitation occurred immediately
after pressure treatment (Defaye et al., 1994). This pH depend-
ence suggested that the charge the protein carried was a major
factor in determining the amount of dimer formed. Native met-
myoglobin has several polar groups with unusual pK values,
since they are obscured and are not, in the native protein, ac-
cessible to the solvent (Kendrew, 1961). However, on pressure
denaturation such groups could ionize and, after being ionized,
may not return to unionized forms before the protein refolds.
This slight difference in charge distribution may be conducive
to two molecules interacting to form a stable dimer if it leads
to a slight change in conformation enabling appropriate groups
on the surface to interact. With both urea and acid the ioniza-
tions either do not take place or the kinetics of refolding do not
promote the charges being retained.

The increased concentration of dimer found at higher con-
centration of metmyoglobin was also expected because of the
likelihood of two molecules interacting to form the stable dimer.
Such likelihood must increase with increasing concentration. If
similar changes occur with other proteins (including enzymes)
then the quality of some foods may be modified, immediately
after treatment and on subsequent storage.
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Emulsion Stabilization by Maillard-type Covalent Complex of
Plasma Protein with Galactomannan

NAOTOSHI MATSUDOMI, YURIKA INOUE, HISASHI NAKASHIMA,
AKIO KATO, and KUNIHIKO KOBAYASHI

ABSTRACT

Plasma protein was conjugated with galactomannan (GM) in a controlled
dry state at 60°C and 79% relative humidity. The covalent attachment
of GM to plasma protein was confirmed by SDS-PAGE and gel chro-
matography. Emulsifying activity of plasma protein-GM complex was
1.4 times and the emulsion stability of the complex was more than 10
times higher than those of plasma protein. In acidic (pH 3) and salt
(0.2M NacCl) systems, the complex showed much more effective emul-
sifying properties than did commercial emulsifiers. Emulsifying proper-
ties of the complex were retained after preheating at 80°C for 30 min.
Plasma protein-GM complex prepared by Maillard reaction during heat-
ing in a dry state could be used for heat-processed foods as a protein
emulsifier.

Key Words: plasma protein, galactomannan, Maillard complex, emul-
sion, heat stability

INTRODUCTION

Plasma protein prepared from animal blood has good emul-
sifying properties (Tybor et al.,, 1975; Saito and Taira, 1987).
However, such properties are particularly sensitive to heat proc-
essing; the emulsifying activity decreased about 60% after treat-
ment at 80°C for 30 min in neutral pH (Saito et al., 1988). The
utilization of plasma proteins as food materials is limited be-
cause such losses in emulsifying properties and solubility during
heat treatments. Improvement of functional properties of plasma
proteins would enhance their usefulness in processed foods.

Glycosylation of proteins is an effective way to overcome
instability to heating (Marshall and Rabinowitz, 1976; Kitaba-
take et al., 1985) and to improve functional properties (Marsh
et al., 1977; Lee et al.,, 1979; Kato et al., 1989). Preparation of
protein-polysaccharide complexes with excellent emulsifying
properties has been accomplished by the attachment of polysac-
charides to proteins by a Maillard reaction (Kato et al., 1990;
Nakamura et al.,, 1992; Matsudomi et al., 1994). Accordingly,
surface properties of plasma proteins may be improved by con-
jugation with a polysaccharide using similar techniques. Guar
gum is a favorable polysaccharide utilized as a thickener, binder,
and stabilizing agent in foods. Its mannase hydrolysate has been
developed as a soluble dietary fiber (Yamamoto et al. 1990).
Thus, the mannase hydrolysate of guar gum (galactomannan;
GM) was applied as a polysaccharide to form complexes with
plasma protein.

Our objective was to evaluate the heat stability and emulsi-
fying properties of plasma protein-GM complex formed by
Maillard reaction during dry heating.

MATERIALS & METHODS
Materials

A galactomannan preparation (GM, MW 20000-30000) supplied by
Taiyo Chemicals Co. (Yokkaichi, Japan) was dialyzed vs deionized wa-
ter to remove the oligomeric saccharides from the mannase hydrolysate
of guar gum and freeze-dried. The commercial emulsifiers, Sunsoft SE-
16 (sucrose-fatty acid ester) and Sunsoft Q-18S (decaglycerol monos-

The authors are with the Dept, of Food Chemistry, Faculty ofAg-
riculture, Yamaguchi Univ., Yamaguchi 753, Japan. Direct inquir-
ies to Dr. N. Matsudomi.

tearate) were supplied by Taiyo Chemicals Co. Sepharose CL-4B was
obtained from Pharmacia. All other chemicals were reagent grade.

Preparation of plasma protein

Whole porcine blood was obtained from Itoh Ham Food Co. (Tokyo,
Japan). The blood was collected at the time of slaughter and sodium
citrate solution (5% wi/v) was added as an anticoagulant at 100 mL/L of
blood. The mixture was immediately cooled to 4°C in an ice bath and
centrifuged at 6400 X g at 4°C for 15 min. The supernatant was dialyzed
vs deionized water at 4°C and freeze-dried.

Preparation and dry heating of plasma protein-GM

A mixture of plasma protein-GM (1:1, w/w) was dissolved in distilled
water, freeze-dried and incubated at 60°C and 79% relative humidity for
0, 1, 3, 5 or 7 days. This mixing ratio was chosen after a preliminary
screening to obtain the best emulsifying properties. For control samples,
the same treatment was also applied to plasma protein without GM. The
dry-heated samples were preserved in a brown bottle with a self-sealing
cap at 4°C.

Determination of protein solubility

The dry-heated samples were dissolved in 0.066M sodium phosphate
buffer (pH 7.4) to give 0.2% (w/v) plasma protein concentration. After
centrifugation at 5630 X g for 10 min at 4°C protein concentration was
determined by the modified Lowry et al. (1951) method of Miller (1959).
Protein solubility was represented as the ratio to native plasma protein
(0 day incubation).

Plasma protein-GM complex

Nonreactive plasma protein and plasma protein polymer in the crude
complex were removed by gel filtration on a Sepharose CL-4B column
(2 X 80 cm) using 0.066M carbonate buffer (pH 10.0) containing 0.2M
NaCl and 0.02% (w/v) sodium azide as eluent. To detect the protein,
absorbance was monitored at 280 nm, while GM was detected by the
phenol-sulfuric acid method (Dubois et al., 1956). All fractions contain-
ing plasma protein-GM complex were collected together, dialyzed vs
distilled water, and freeze-dried.

Heat treatment and turbidimetry

Plasma protein samples were dissolved in 0.066 M sodium phosphate
buffer (pH 7.4) with or without 0.2M NaCl to give 1% (w/v) plasma
protein. The protein solutions (3 mL) in glass vials (Pyrex culture tubes
9826; Coming Glass Co., Coming, NY)) were heated at 80°C up to 30
min with gentle shaking. After heat treatment, the solutions were im-
mediately cooled in a water bath to room temperature, and then the
turbidity of the protein suspensions was measured at 600 nm.

Gel electrophoresis

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was done ac-
cording to the method of Laemmli (1970) using 10% acrylamide sepa-
rating gel and 5% acrylamide stacking gel containing 0.1% (w/v) SDS.
Samples (20 pL containing 0.2% plasma protein) were prepared in Tns-
glycine buffer (pH 8.3) containing 1% (w/v) SDS and 1% (w/v) 2-mer-
captoethanol (ME). Electrophoresis was performed at constant current of
10 mA for 5 hr in Tris-glycine buffer containing 0.1% (w/v) SDS. After
electrophoresis, gel sheets were stained with Coomassie brilliant blue R-
250 for protein and with Fuchsin for carbohydrate.
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Table 1—Emulsifying properties of plasma protein incubated with or without galactomannan (GM) at 60°C and 79% relative humidity3

Emulsifying Incubation time (days)
Samples properties 0 1 3 5 7
Plasma-GM mixture ActivitylL 0.82 + 0.03 1.08 + 0.04 1.15 £ 0.03 1.16 £ 0.03 1.15 + 0.05
Stability0 0.70 + 0.05 2.00 £0.10 3.80 £ 0.10 >10 >10
Plasma alone Activity B 0.83 + 0.02 0.85 + 0.03 1.05 + 0.05 101 + 0.05 0.89 + 0.07
Stability0 0.70 + 0.05 0.80 + 0.05 0.90 + 0.03 0.80 + 0.10 0.60 + 0.10

aThe emulsifying properties were measured in 0.066 M phosphate buffer, pH 7.4. Data are represented as mean values + standard deviation of three separate experiments.
b Optical density at 500 nm.
¢ In minutes.

Emulsifying properties

100

|

Emulsifying properties were determined by the turbidimetric proce-
dure of Pearce and Kinsella (1978). Sample solutions containing 0.1%
(w/v) plasma protein were prepared with different buffer solutions.
Protein solution (3 mL) and 1.0 mL com oil were homogenized in a
glass tube at 25°C for 1 min with an Ultra-Turrax (Hansen Co., Ger-
many) at 12000 rpm. A sample (0.1 mL) of emulsion was taken from
60 - the bottom of the glass tube after standing for 0, 1, 2, 3, 5 and 10 min
and diluted with 5.0 mL of 0.1% (w/v) SDS solution, and then the
turbidity was measured at 500 nm. The emulsifying activity was deter-
40 - mined from the turbidity measured immediately after emulsion formation
(0 min). Emulsion stability was estimated by measuring the half-life of
; the decay of emulsion at 500 nm starting immediately after the emulsion
20 had formed. Data were represented as mean values (+ standard devia-
tion) of three separate experiments.

1

80

SOLUBILITY (%)

o 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 RESULTS & DISCUSSION
INCUBATION TIME (day) Solubility of plasma protein incubated with or without GM

was related to incubation time (Fig. 1). The plasma protein in-

Fig. 1—Solubility of plasma protein incubated with or without : ) e S
; s cubated without GM caused a decrease in solubility during in-

°| 0,
galactomannan (GM) at 60°C and 79% relative humidity. the sol- cubation for 7 days at 60°C. No detectible changes occurred in

ubility of dry-heated samples is represented as the ratio to native - . . . . R
solubility of the protein-GM mixture during incubation for 7

plasma protein (0 day incubation). (0 ) Plasma protein-GM mix- X i X R . X i
days. This indicated that insolubilization of plasma protein

ture (1:1, w/w); (+ ) plasma protein alone.

Panel A Panel B

INCUBATION TIME (day)

Fig. 2 SDS-polyacrylamide gel electrophoretic patterns of plasma protein incubated with or without galactomannan (GM) at 60°C
and 79% relative hUmldlty Panel A shows protein stain of plasma protein alone in the absence (a) and presence (b) of 2-mercaptoe-
thanol (ME). Panel B shows protein stain (c) and carbohydrate stain (d) of plasma protein-GM mixture (1:1, w/w) in the presence of
ME. The arrows show the boundary between stacking and separating gels. Tf, transferrin; SA, serum albumin; y-globulin (heavy
chain).
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fractions (peak 1 and peak 2, indicated by arrows) were used for further experiments as complex

Protein and carbohydrate concentrations were measured from

phenol-sulfuric acid, respectively.

might have been suppressed by an interaction with GM present
during dry heating.

The emulsifying properties of plasma protein incubated with
or without GM for different storage times (days) (Table 1)
showed the protein-GM mixture incubated for 0 hr was similar
to the control (0 hr incubation). This indicates that GM alone
had no effect on emulsifying properties of plasma protein. The
emulsifying properties of plasma protein incubated without GM
increased slightly after 3 days but decreased after 7 day, possibly
because of lower solubility of the protein. The emulsifying ac-
tivity and emulsion stability were enhanced with increases in
incubation time at 60°C, reaching a steady state after 5 days.
The emulsifying activity was 1.4 times higher and emulsion sta-
bility more than 10 times better than control plasma protein-GM
mixture (0 hr incubation), suggesting the formation of a plasma
protein-GM complex.

Covalent attachment of GM to plasma protein was confirmed
by SDS-PAGE after reduction with ME. The SDS-PAGE pat-
terns of plasma protein incubated with or without GM at 60°C
and 79% relative humidity were compared for different incu-
bation times (Fig. 2). The plasma protein samples incubated
without GM for 3 and 5 days were analyzed by SDS-PAGE
(Fig. 2, panel A-a). The appearance of a protein band remained
on top of the stacking gel, in the absence of ME and increased
with increases in incubation time. The protein was dissociated
almost completely into the constituents of plasma protein in the
presence of ME (Fig. 2, panel A-b), suggesting that the highly
polymerized protein had been formed by disulfide bonds. The
plasma-GM mixtures incubated for 3 and 5 days gave a dis-
persed protein band near the top of the separating gel even in
the presence of ME (Fig. 2, panel B-c). The band detected with
carbohydrate stain was similar to the dispersed protein band
(Fig. 2, panel B-d), indicating the covalent attachment of GM
to the protein and the formation of plasma protein-GM complex.

The elution profiles of the plasma protein-GM mixture sep-
arated by gel filtration were compared (Fig. 3). The mixture
incubated for 5 days revealed 2 protein peaks shifted towards
the higher molecular weight fraction. The two peaks overlapped
with the carbohydrate peak, indicating that GM was covalently
attached to plasma protein. The protein peak which eluted at
shorter times seemed to be a highly polymerized complex. The

absorbance at 280 nm

1 and complex 2, respectively.

and 490 nm after color development using
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Fig. 4—Emulsifying properties of plasma protein-galactomannan
(GM) complexes in 0.066M sodium phosphate buffer (pH 7.4). (=

) Plasma protein-GM complex (complex 1); (& ) plasma protein-
GM complex (complex 2); (0 ) plasma protein-GM mixture (1:1,
w/w) incubated for 5 days. Each point is the mean + standard

deviation of three separate experiments.

fractions indicated by horizontal arrows (Fig. 3) were pooled,
dialyzed, and used for further experiments. The two plasma pro-
tein-GM complex fractions (peak 1 and peak 2) obtained from
the plasma protein-GM mixture incubated for 5 days were la-
belled complexes 1 and 2, respectively, in the order of elution
time.

The emulsifying properties of complexes 1 and 2 were com-
pared with plasma protein-GM mixture incubated for 5 days
(Fig. 4). Complex 2 had higher emulsifying properties in a neu-
tral buffer system (0.066M sodium phosphate buffer, pH 7.4),
while the emulsifying properties of complex 1 decreased con-
siderably more than those of the plasma protein-GM mixture.
The difference in emulsifying properties between the two com-
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Fig. 6—Changes in turbidity of plasma protein-galactomannan
(GM) complex and native plasma protein during heat treatment.
w/v) was heated at 80°C in 0.066M sodium

OPTICAL DENSITY AT 600 nm

Protein solution (1%,
phosphate buffer (pH 7.4) with (closed symbols) or without (open
symbols) 0.2M NacCl. (®, 0) Native plasma protein; (A,A)plasma

protein-GM complex (complex 2).

plexes may result from steric hindrance from the polymerization
of protein.

The emulsifying properties of complex 2 were compared with
those of commercial emulsifiers, SunSoft™ SE-16 and SunSoft™
Q-18S in various conditions (Fig. 5). Complex 2 had much bet-
ter emulsifying properties than the commercial emulsifiers in the
neutral buffer system (Fig. 5A). The emulsifying properties of
complex 2 were much higher than those of the commercial
emulsifiers in an acidic buffer system (0.066M citrate buffer,
pH 3.0) (Fig. 5B). In addition, complex 2 retained higher emul-
sifying properties even in a high-salt buffer system (0.066M

phosphate buffer (pH 7.4); (B) in 0.066 M
NacCl.

)commercial emulsifier, SunSoft Q-18S,
sodium citrate buffer (pH 3.0); (C) in

Each point is the mean + standard deviation of three separate

Table 2—Emulsifying properties of a plasma protein-glactomannan (GM)
complex and plasma protein after heat treatment3

Heat treatment 130 min at 80°C)

Emulsifying
Samples properties Before After
Plasma-GM complex Activityb 142 + 0.04 140 + 0.03
Stability0 >10 >10
Plasma alone Activity*3 0.82 = 0.02 0.60 = 0.07
Stability0 0.70 + 0.05 0.40 £ 0.07

aThe emulsifying properties were measured after heat treatment for 30 min at 80°C in
0.066 M phosphate buffer (pH 7.4) containing 0.2 M NaCl. The plasma protein-GM
complex is peak 2 fraction (complex 2) obtained from plasma protein-GM mixture
incubated for 5 days. Data are represented as mean values + standard deviation of
three separate experiments.

b Optical density at 500 nm.

¢ In minutes.

sodium phosphate buffer, pH 7.4, containing 0.2 M NaCl). How-
ever, the emulsifying activity of complex 2 in the high-salt buf-
fer was slightly lower than in the other buffer systems (Fig. 5C).
Such excellent emulsifying properties of plasma protein-GM
complex (complex 2) in both acidic and high-salt conditions
could be advantageous for applications in processed foods.

In order to examine heat stability, coagulation during heat
treatment was monitored by turbidity at 600 nm. The changes
in turbidity of 1% (w/v) plasma protein sample solution (in
0.066M phosphate buffer, pH 7.4) during heat treatment at 80°C
for 30 min were compared (Fig. 6). The turbidity of native
plasma protein showed slight increases during heat treatment
without 0.2M NacCl, while the turbidity increased rapidly during
heating in the presence of 0.2 M NaCl. Shimada and Matsushita
(1981) reported that serum albumin which is the main compo-
nent of bovine plasma protein showed a rapid heat coagulation
in the presence of NaCl at a neutral pH. The same effect of
NaCl on heat coagulation was also observed with porcine
plasma protein in our results. On the other hand, the turbidity
of the plasma protein-GM complex (complex 2) was very low
during heat treatment for 30 min and remained at a low level
even in the presence of NaCl. This result indicated that coagu-

—Continued on page 283
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Biochemical and Functional Properties of Myofibrils from Pre-
and Post-Spawned Hake (Merluccius hubbsi Marini) Stored
on Ice

S.I. ROURA and M CRUPKIN

ABSTRACT

Enzymatic activities assayed at beginning of storage in myofibrils from
post-spawned hake were 3x those in myofibrils from pre-spawned hake.
Ca2* sensitivity of myofibrils from pre-spawned hake was 40% less than
that of myofibrils from post-spawned hake. The profiles of SDS-PAGE
gels of pre-spawned myofibrils at beginning of storage showed a par-
tially denatured myosin heavy chain, and polypeptide bands under my-
osin heavy chain. They probably represent proteolytic fragments
produced by degradation of MHC in vivo. No proteolysis was detected
in myofibrils during storage. These results help predict functional prop-
erties of fish proteins and changes during storage.

Key Words: hake, myofibrils, pre- and post-spawning, enzymes

INTRODUCTION

Changes in the actomyosin composition of mature Argen-
tinian hake (Merluccius hubbsi Marini) are influenced by the
metabolic state of the fish and related to its reproductive cycle
(Crupkin et al., 1988). Crupkin et al. (1988) reported that, when
compared with actomyosin from resting and post-spawning per-
iods, the actomyosin from pre-spawned fish had significantly
lower relative percentages of myosin. Changes in biochemical,
physicochemical and functional properties of hake actomyosin
during the reproductive cycle of the fish reflect changes previ-
ously reported in the actomyosin complex (Beas et al.. 1988;
Montecchia et al., 1990; Roura et al.,, 1990). Actomyosin from
fish caught in post-spawning condition had higher ATPase ac-
tivities, reduced viscosity and better gelling properties than those
of pre-spawning stages (Beas et al.. 1988; Roura et al., 1990).
Moreover, a loss of the filamentous structure in actomyosin from
pre-spawned hake related to a decrease in the affinity between
myosin and actin has been reported (Roura et al., 1992a).
Functional and textural characteristics of meats depend
mainly on myofibrillar proteins (Goll et al., 1977). This is more
important for fish muscle than for mammalian muscle because
of collagen content (Brown, 1986). The study of functional
properties of fish myofibrillar proteins is important for deter-
mining and predicting the final quality of fishery products. Much
is known about biochemical, physicochemical and functional
properties of actomyosin from iced fish, related to the metabolic
state and gonadal maturation of fish (Crupkin et al.. 1988; Mon-
tecchia et al., 1990; Roura et al., 1990). However, information
is scarce concerning the influence of gonadal conditions on the
properties of myofibrils purified from hake during ice storage.
Myofibrils are a highly organized muscle structure similar to
whole muscle and they are useful for the study of the contractile
proteins of skeletal muscle (Yasui et al.. 1975). Myofibrils are
responsible for contraction in the living cell and for most of the
desirable qualities of muscle used as food (Robson et al.. 1991).
The changes in actomyosin related to the gonadal condition
of hake have been explained by the hypothesis that myosin is

Autnors Roura and Crupkin are affiliated with Centro de Investi-
gaciones de Tecnologia Pesquera (CITEP), Instituto Nacional de
Tecnologia Industrial (INTI) Centro de Investigaciones de Tecnol-
ogia Pesquera, Marcelo T. de Alvear 1168, 7600- Mar del Plata.
Argentina.

more sensitive than actin to proteolysis in vivo (Crupkin et al.,
1988). However, actomyosin is a macromolecular complex in
which myofibrillar proteins do not retain the integrity of muscle
because of the high ionic strength of the purification solution.
Myofibrils are important for the study of biochemical and func-
tional properties because they are somewhat related to both
whole muscle and purified proteins. Our objective was to study
the biochemical and functional properties of myofibrils from
pre- and post-spawned hake stored on ice to help determine why
myofibrils retain much of the structural organization of whole
muscle.

MATERIALS & METHODS
Fish source

Hake (Merluccius hubbsi) were harvested by commercial vessels in
the Southeast Atlantic Ocean between 36° and 53° S. latitude from Oc-
tober 1990 to May 1993. Fish were kept on ice until they reached the
laboratory in an early post-rigor condition. All fish were 35715 + 0.1
cm long (from snout to tip of mid-caudal ray). Fish were stored in boxes
and covered with ice. At days 0, 3. 7 and 10 of storage, six females in
pre-spawning condition and six females in post-spawning condition were
removed for analysis. The gonadal condition was determined using his-
tological techniques described by Goldemberg et al. (1987).

Preparation of myofibrils

Myofibrils were prepared as described by Yasui et al. (1975) as pre-
viously reported (Roura et al., 1992b). However, Triton X-100 was not
used for further purification of hake myofibrils because it inactivates
contractile proteins (Roura et al.. 1992b: Roura et al.. 1993).

Protein determination

Protein concentration was determined on aliquots of the extracts by
the Lowry method (Lowry et al. 1951).

Myofibrillar ATPase activity

Enzymatic activity of myofibrils was measured at 37°C in a 30 mM
Tris-maleate buffer (pH 7.0). Specific conditions for each enzyme were
0.12 mg.mL ' of protein. 0.75 mM ATP. 60 mM KC1 and 10 mM CaCL
for the Ca2 -ATPase activity: 0.25 mg.mL ' of protein. 0.75 mM ATP.
60 mM KCI. 2 mM MgCL and 0.5 mM of ethyleneglycol-bis-(beta-
anrinoethyl ether)N.N'-tetraacetic acid (EGTA) for the Mg2‘-(EGTA)-
ATPase activity 0.12 mg.mL 1of protein. 0.75 mM ATP. 60 mM KClI,
01 mM CaCL and 2 mM MgCL for the Mg2'-Ca2'-ATPase activity;
and 0.25 m.mL 1of protein. 0.75 mM ATP. 60 mM KCI and 2 mM
MgCL for the Mg2*-ATPase activity.

A final incubation volume of 3 mL was used in all cases. Incubation
times in minutes were forCa2*, 5; Mg2*, 1, Mg2*-(EGTA), 5; and Mg2*-
Ca2*-ATPases. 4. Reactions were interrupted by addition of 1 mL cold
40° otrichloroacetic acid solution. Liberated phosphorus was determined
according to the method of Chen et al. (1956).

Densitometric analysis of myofibril patterns in SDS-PAGE

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out
in 10% gels according to the procedure of Portzio and Pearson (1977)
using a Shandon vertical apparatus. Areas of bands were determined
quantitatively, by scanning gels at 600 nm with a Beckman DU-8 UV-
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Fig. 1—ATPase activities of myofibrillar proteins
from pre-spawned and post-spawned hake stored
on ice. ATPase activities of myofibrils from pre-
spawned (A) and post-spawned iB) hake. ATPase
activities of actomyosin from pre-spawned (C) and
post-spawned (D) hake (From Rcura et al., 1990).
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-x) Ca2+ Sensitivity = [1-(Mg2+(EGTA)-ATPase ac-
tivity/Mg2MCa2+)-ATPase activity»] x 100,

1

10 0 2 4 6
DAYS ON ICE

spectrophotometer equipped with a DU-8 gel scanning system. The
amount of protein loaded on the gel was 30 ug.

Statistical analysis

The statistical significance of differences between mean values was
determined by analysis of variance, using Duncan’s new multiple range
test (Steel and Torrie, 1960).

RESULTS & DISCUSSION

Enzymatic activities and Ca2+ sensitivity of myofibrils from
pre- and post-spawned hake (Fig. 1A,B) showed Mg2+, Mg2+
(Ca24)-, and Mg2+(EGTA)-ATPase activities were respectively
related to actin/myosin interaction in the presence of endoge-
nous Ca ions, exogenous Ca ions, and absence of Ca ions (Roura
et al., 1990). Ca2+ATPase activity is a good indicator of myosin
functionality in contractile proteins. At beginning of storage, the
Mg2+, Mg2+(Ca2+)-, and Ca2+ATPase activities of myofibrils
were higher (P < 0.01) in post-spawned than in pre-spawned
fish (Fig. 1A,B). Similar values of Mg2+(EGTA)-ATPase activ-
ity were obtained for both gonadal stages. As a consequence the
Ca2+ sensitivity was 40% lower in myofibrils from pre-spawned
hake than in those isolated from post-spawned hake (Fig. 1A,B).

Ca2+ sensitivity is a good indicator of the Ca2+ regulation of
myofibrillar proteins. No significant changes were observed in
Ca2+ sensitivity of pre- and post-spawned myofibrils during ice
storage (P < 0.01). Flowever, a higher percentage of initial Ca2+
sensitivity (80%) was found in myofibrils from post-spawned

8§ 10

DAYS ON ICE

hake (Fig. 1 A,B). The Ca2+ sensitivity of myofibrillar proteins
was attributed to the activity of native tropomyosin (Ebashi et
al., 1968). The troponin-tropomyosin complex is necessary for
control by Ca2+ions of the actin-myosin interaction in vertebrate
striated muscles (Huxley, 1972). The loss of Ca2+ sensitivity is
considered to be due to the filamentation of myofibrils caused
by the hydrolysis of proteases (Tokiwa and Matsumiya, 1969).

According to studies of Seki and Hasegawa (1978), Shimo-
mura and Seki (1978), and Seki et al. (1979), the loss of Ca2+
sensitivity of myofibrillar proteins during ice storage was not
due to hydrolysis of tropomyosin and troponins by protease. It
was caused by modification of actin-myosin interactions by ox-
idation of thiol groups of the myosin moiety. Mg2+ATPase is
responsible for interaction between actin and myosin in the pres-
ence of endogenous Ca (Roura et al., 1990). The activity of this
enzyme was 40% lower in myofibrils purified from pre-spawned
hake (Fig. 1A,B). Resulting modifications in actin-myosin in-
teractions could cause loss of Ca2+ sensitivity.

Konagaya (1982) reported enhanced protease activity in mus-
cle of chum salmon (Oncorhyncus keta) during spawning mi-
gration attributed to cathepsir.s activity. Matsumiya et al. (1991)
reported that the acid, neutral and alkaline proteinase activities
in the muscle of common mackerel increased remarkably in the
spawning season and this was related to development of the
gonads. Martone et al. (1991) reported that hake skeletal muscle
contained a trypsin-like serine protease which might be involved
in the catabolism of myofibrillar proteins in vivo. Low myosin/
actin ratios were observed in actomyosin from pre-spawned
hake (Crupkin et al., 1988). The presence of less myosin in this
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Fig. 2—Densitometric analysis of myofibril profiles in SDS-PAGE (10%) from pre- and post-spawned hake stored on ice. Molecular
weights, in daltons, are indicated. MHC = myosin heavy chain; A = actin; TM = tropomyosin; MLCS = myosin light chains.

phase of the gonadal cycle was explained by the hypothesis that
myosin was more sensitive to proteolysis than actin in vivo
(Crupkin et al., 1988). Therefore, loss of Ca2+ sensitivity in myo-
fibrils, from pre-spawned fish could be related to an increment
in proteinase activity which selectively degrades myosin during
gonadal maturity. However, from our results, the possibility that
it is due to oxidation of thiol groups of the myosin moiety
should still be considered.

No changes (P < 0.01) in the enzymatic activities of myofi-
brils from post-spawned hake were observed during ice storage
(Fig. IB). The enzymatic profiles for pre-spawned myofibrils
showed that the Mg2+ATPase retained the activity after 7 days
of ice storage (Fig. 1A), while enzymatic activities of the others
gradually decreased during ice storage.

The inactivation rate of myofibrillar ATPase was lower than
that of isolated actomyosin ATPase (Fig. 1C,D). lonic strength
influences protein-to-protein interactions and protein solubilities.
High ionic strength decreases actin-myosin interactions in the
relaxed, activated, or rigor states of muscle (Wu and Smith,
1987). The aggregation of myosin molecules, the actin-tropom-
yosin complex and other myofibrillar proteins into myofibrils
involves electrostatic interactions (Wu and Smith, 1987) which
are affected by ionic strength. Increasing ionic strength de-
creases the sphere of each charge on the proteins (Raymond and
Zubay, 1984), and this can weaken the structural integrity of
myofibrils.

The activity of Mg2+ATPase, the enzyme responsible for ac-
tin-myosin interactions, was 65% higher in hake myofibrils than
in hake actomyosin in the pre-spawned period (Fig. 1A,B). Seki

and Narita (1980) found similar results in myofibrils and acto-
myosin isolated from carp muscle. Differences in ATPase activ-
ities in myofibrils and actomyosin could result from differences
in ionic strengths used in purification methods: low ionic
strength for myofibrils and high ionic strength for actomyosin.

At beginning of storage EGTA produced 71 and 80% inhi-
bition of myofibrillar Mg2+ATPase in pre- and post-spawned
hake, respectively (Fig. 1AB). The EGTA inhibition of acto-
myosin ATPase was 37 and 56% for pre- and post-spawned
hake, respectively (Fig. 1C,D). Myofibrils, an organized muscle
structure, retained the troponin-tropomyosin structure in a native
form. This could be the reason for the higher EGTA inhibition
of Mg2+ATPase observed in myofibrils as compared with iso-
lated actomyosin.

Profiles of SDS-PAGE gels of myofibrils from pre- and post-
spawned hake during ice storage (Fig. 2) indicate at zero time-
pre-spawned myofibrils showed the presence of a partially
degraded myosin heavy chain, with molecular weight 180 kDa.
Polypeptide bands under the myosin heavy chain were also pres-
ent, probably representing proteolytic fragments produced by
degradation of the myosin heavy chain in vivo (Fig. 2). SDS-
PAGE patterns of post-spawned myofibrils showed character-
istic polypeptide bands of myofibrils with molecular weights
corresponding to native contractile proteins: myosin heavy chain
(MHC), 200 kDa; actin (A), 42 kDa; tropomyosin (TM), 35 kDa
and myosin light chains (MLCS), 21-23 kDa (Fig. 2). These
results confirmed those reported for actomyosin profiles of pre-
and post-spawned hake (Roura et al., 1990). In that report, the
SDS-PAGE pattern of actomyosin from pre-spawned hake
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showed an absence of heavy myosin chain and the presence of
a 160 kDa component at zero time. The researchers hypothe-
sized that the 160 kDa component resulted from drastic in vivo
degradation of heavy myosin due to extreme starvation of the
fish (Roura et al., 1990). Matsukura et al. (1981) reported that
cathepsin L could degrade myosin and myofibrils in vitro, pro-
ducing a fragment of 160 kDa. An increase of acid hydrolase
activity in skeletal muscle after physical stress was also reported
(Vihko and Salminen, 1983). The protease activity enhancement
in salmon muscle during spawning migration (possibly cathep-
sins type) was related to expenditure of body protein for energy
required to make the long trip and concurrently to develop ma-
ture gonads (Konagaya, 1982). A similar situation could occur
during gonadal development of hake. Therefore, for the gonadal
growth period, the presence of a partially degraded myosin
heavy chain, both in myofibrils and actomyosin, could be ex-
plained by an increased proteinase activity in muscle.

No proteolysis was detected in characteristic polypeptide
bands of major myofibrillar proteins during ice storage of pre-
or post-spawned hake (Fig. 2). These results confirmed those
reported for actomyosin purified from hake stored on ice (Roura
et ah, 1990). Results indicate that changes in hake myofibrils
were related to gonadal condition and reflect changes in acto-
myosin. Myofibrils retain much of the structural organization of
muscle. Thus, seasonal changes found in the biochemical and
functional properties of hake myofibrils probably result from
changes that occur in the muscle in vivo.

CONCLUSION

Myofibrits from post-spawned hake have more active bio-
chemical and functional properties than those from pre-spawned
fish. Enzymatic activities at zero time from post-spawned hake
were 3X those from pre-spawned hake. Ca2+ sensitivity of myo-
fibrils from pre-spawned hake was 40% lower than that of myo-
fibrils from post-spawned hake. The biological condition related
to the reproductive cycle influenced biochemical and functional
properties. Myofibrils from pre-spawned hake showed the pres-
ence of a partially denatured myosin heavy chain, related to an
increase of proteolytic activity which selectively degrades heavy
myosin chain. No further degradation of major components of
myofibrils occurred after 10 days of ice storage in fish caught
before or after spawning.
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Storage Quality of Fresh and Frozen-thawed Fish in Ice

HANNES MAGNUSSON and EMILIA MARTINSDOTTIR

ABSTRACT

The objective was to determine whether traditional quality indexes of
fresh (unfrozen) fish like sensory analysis, bacterial counts and trime-
thylamine content could be applied to thawed whole cod. cod fillets and
ocean perch fillets kept in ice. Freezing and short-term freezer storage
(<5 wk at -25°C) had very little effect on bacterial counts. During long-
term freezer storage (>14 wk at —25°C) total counts were reduced as
well as counts of trimethylamine oxide-reducing bacteria in cod fillets
but not in ocean perch fillets. When the thawed fish was unacceptable
the trimethylamine was <1 mgN/IOOg. Trimethylamine as a spoilage
indicator was of no value when evaluating spoilage of thawed whole
cod. cod fillets and ocean perch fillets kept in ice.

Key Words: fresh fish, thawed fish, cod, ocean perch, trimethylamine

INTRODUCTION

Frozen-thawed fish, especially fillets are commonly marketed
chilled. Such frozen-thawed fish may be kept for varying times
in ice. Two very important species in this respect are cod (Gadus
morhua) and ocean perch (Sebastes marinus/S. mentella)

Trimethylamine oxide (TMAO) is generally present in sea-
water fish. Trimethylamine (TMA) is formed from TMAO by
bacterial reduction during iced storage. However during frozen
storage TMAO can in gadoid fish species like cod be broken
down to dimethylamine (DMA) and formaldehyde (FA) by en-
dogenous enzymes (Hebard et al., 1982). This reaction is very
temperature-dependent; the enzyme activity being inhibited if
storage temperature is near -29°C (Castell et ah, 1974). Rela-
tively few reports have been published on the storage quality of
thawed fish in comparison to fresh (unfrozen) fish in ice. Ex-
periments done by Luijpen (1958) on cod fillets with skin kept
at different temperatures showed that TMA was produced
slower in thawed fillets than in unfrozen ones. Those results
were not in accordance with sensory analysis and not explained
by differences in bacterial counts. No information was found
regarding this difference in TMA formation in whole fish.

Our main objective was to determine whether a difference in
TMA formation occurred in thawed cod, kept whole or as fillets
in comparison to unfrozen cod, and if so to find the reason. In
addition, fillets of ocean perch were examined. Another objec-
tive was to examine the effect of freezing and freezer storage
on microbiological flora and TMAO. We also evaluated whether
methods for assessing spoilage and keeping quality of unfrozen
fish like sensory analysis, bacterial counts and chemical indexes
(TMA and total volatile bases, TVB) could be applied to thawed
fish kept in ice.

MATERIAL & METHODS

Whole cod

On board a trawler cod was bled, gutted and iced into 90 L boxes.
Four days from catch some of the cod were frozen whole in a plate
freezer and kept at -25°C for 8 wk. At the same time the rest of the
cod were iced for a storage trial at 0 to 1°C. The frozen cod was thawed
at 15°C and iced in boxes as soon as the core temperature reached 0°C.
Both unfrozen and thawed cod were kept iced for «=3 wk. On each day
of sampling, four cods were individually examined.

Authors Magnusson and Martinsdottir are with Icelandic Fisher-
ies Laboratories (IFL), P.O. Box 1405, Skulagata 4, 121 Reykjavik,
Iceland.

Cod fillets in =»2.25 kg cartons

When examining the effect of freezing and freezer storage on micro-
organisms and TMAQO. fully trimmed cod fillets in 2.25 kg cartons, each
containing six units in a plastic envelope, were collected at a freezing
plant. Unfrozen cod were examined microbiologically at exactly the
same time as comparable cod was placed in a plate freezer. Frozen car-
tons were kept at -25°C for 18, 23 and 50 wk in three individual ex-
periments. In all experiments samples were also examined after 1 day
in freezer. Frozen units were kept for 1 hr at room temperature prior to
examination. Each of the six units in the «=2.25 kg cartons were exam-
ined individually. Cod samples from this experiment were not stored in
ice after thawing.

Cod fillets

For ice storage experiments on cod fillets, fresh longline cod were
used. The cod were bled onboard and gutted ashore. The cod were fil-
leted and skinned within 24 hr from time of catch. Some fillets were
iced in boxes while others were tunnel-frozen at the same time. Frozen
fillets were kept at -25°C for 1day, and for 5, 14, 27 and 52 wk. These
fillets were thawed at 15°C until core temperature reached 0°C, and then
iced immediately and kept as unfrozen fillets at 0 to 1°C for up to 3 wk.
Samples for initial bacterial analysis were examined within 1 hr after
removal from freezer. During iced storage, three separate fillets were
taken on every sampling day for bacteria and chemical studies and an
additional three for sensory evaluation.

Ocean perch fillets

Ocean perch were obtained from a local trawler. The ocean perch were
kept unbled and ungutted in ice. On arrival on shore, one day from catch,
the fish were filleted and skinned. Some fillets were iced in boxes while
others were tunnel-frozen at the same time. Frozen fillets were kept at
-25°C for 1day. 7 wk and 25 wk. Fillets were thawed at 15°C until
core temperature reached 0°C. then iced immediately and kept as un-
frozen fillets at 0 to 1°C up to 3 wk. Samples for initial bacterial analysis
were examined within 1hr after removal from freezer. During ice storage
three separate samples were taken on every sampling day for bacterial
and chemical studies and an additional three for sensory evaluation. Each
sample consisted of three fillets.

Bacterial counts

When examining whole cod, 3 X 7.5 cnt: skin samples were cut along
the lateral line (behind gills, mid region, tail region) and placed in a
stomacher bag containing 60 mL Butterfield’s buffer solution (pFl 7.2).
Blending was done in a Stomacher 400 for 1 min. Prior to taking samples
of flesh, the skin was washed with 70% ethanol and then removed asep-
tically. The underlying muscle was removed and after mincing, 25g were
weighed into a stomacher bag containing 225 mL Butterfield's buffer
solution. Blending was done in a Stomacher for 1 min. All cod and
ocean perch fillets were handled in the same way as muscle samples.
Butterfield’s buffer was used for all dilutions.

When examining whole cod and cod fillets, bacterial counts were done
by the pour plate technique on plate count agar (PCA-Difco) with 0.5%
NaCl (w/v) added. The plates were incubated at 35°C for 2 days when
counting mesophilic bacteria and for 22°C for 3 days when counting psy-
chrotrophic bacteria. Counts of coliform bacteria were done by the MPN-
technique (FDA. BAM. 1992). When examining ocean perch fillets, total
viable counts and selective counts of FLS-producing bacteria were done
on iron agar (IA-Oxoid) as described by Gram et al. (1987). The plates
were incubated at 22°C for 3 days. Bacteria forming black colonies on
this agar produce H.S from sodium thiosulphate and/or cysteine.

Composition of bacterial flora

On each occasion, 25 randomly selected colonies were picked off the
PCA plates (cod fillets) and 1A plates (ocean perch fillets). The following
tests were used for determination of purified strains: Gram-staining
(Mucker’s modification) and morphology on young PCA cultures, KOH-
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test (Gregersen, 1978), motility test on fresh cultures in Nutrient broth
by the “hanging-drop” method, production of oxidase (Kovacs, 1956)
and catalase (3% H,0,) and oxidation-fermentation test for glucose me-
tabolism in MOF medium (Leifson, 1963) with 0.5% NaCl used instead
of seawater salts. The tubes were incubated at 22°C and acid formation
recorded after 7 and 14 days. When testing for TMAO-reduction, each
strain was inoculated into 50 mL of 0.5% TMAO-broth and incubated
at 22°C for 7 days. The TMAO-medium was prepared by adding 1.25
mL of 20% filter-sterilized trimethylamine N-oxide (Sigma) solution to
48.75 mL of sterile Nutrient broth. Reduction of TMAO was detected
by measuring TMA (described below) and by sensory evaluation (smell).
Identification of Gram-negative bacteria was based on the determinative
scheme of Shewan et al. (1960) but updated according to Berger' Man-
ual Vol. 1 (Krieg and Holt, 1984). Gram-positive strains were classified
according to Bergeys Manual Vol. 2 (Sneath et al., 1986).

Chemical analysis

TMA (as mgN/I0OOg muscle) was measured according to AOAC
(1990) except that KOH was used instead of K,CO,. TMAO (as mgN/
I00g muscle) was measured as described by Bystedt et al. (1959) where
available TMA is first measured and then TMAO reduced to TMA by
TiClj. Total volatile bases (TVB, as mgN/IOOg muscle) were measured
according to Antonacopoulus (1968) with a Struer automatic distillation
unit. TVB was only measured in ocean perch fillets.

Sensory evaluation

Sensory evaluation was by a trained panel of 7 to 10 people on sam-
ples of cooked fillets. Fillets were cooked in a steam oven (6 min at
98°C) and the smell and taste were judged on a rating scale from 9
(highest freshness) to 1 (lowest). The scale is based on the Torryscale
as originally described by Shewan et al. (1953) with slight modifications.
The fish were judged unfit for consumption when the mean value for
sensory score was below 4.5.

Statistical analysis

Statistical analysis was done using SYSTAT 5.0 statistical package
run on a PC computer. Analysis of variance was used and when appro-
priate Tukey test was used to find mean separation (Wilkinson, 1990).
Linear regression was used on sensory data vs storage time in ice. Re-
sults from all bacterial counts were shown as geometric means of indi-
vidual measurements but all other tests as arithmetic means.

RESULTS & DISCUSSION
Whole cod

TMA measurements in unfrozen and frozen-thawed cod dur-
ing 3 wk storage in ice showed TMA formation was much
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Fig. 1—Changes in trimethylamine (TMA) during iced storage of

uFfrozen and thawed whole cod (frozen o wks). Means of 4 sam-
ples.

slower in thawed whole cod (Fig. 1). On the 11th day and on-
wards there was a significant difference (p < 0.05) between
means. The sensory panel gave a significant one point higher
average score (p < 0.05) for the unfrozen cod at the beginning
of storage than for thawed cod. Thereafter similar scores were
given for both groups and after 15 to 16 days storage in ice,
both unfrozen and thawed coc were unacceptable. At that time
TMA in unfrozen cod was about 10 mgN/IOOg while TMA in
thawed cod was around 1 Cod containing more than 10-15
mgN/I0Og is considered unsuitable for most uses (Connell,
1990). Growth curves of psychrotrophic bacteria for unfrozen
and thawed cod were very similar. The difference between
counts in skin (cm2) and flesh (g) was in the range of 3 to 4 log
numbers (Fig. 2).

Cod fillets in «=2.25 kg cartons

Bacterial counts showed tha: the freezing (1 day in freezer) did
not result in reduction of mesophilic and psychrotrophic bacteria
or coliforms. However, with increasing storage time in freezer,
the reduction in bacterial numbers became greater. Thus 50 wk
storage resulted in 70-91% kill of bacterial flora (Table 1).

The percentage composition of psychrotrophic flora in fillets
kept frozen for 23 wk (Table 2) showed the freezing process
and 1day storage in a freezer did not have a notable effect on
composition. However, long term freezer storage (23 wk) re-
sulted in an increased proportion of Gram-positive bacteria as
expected (Shewan, 1961). The mean total count of six samples
(Log no./g) was 5.1 (SD % 0.1) in unfrozen fillets, 51 (SD +
0.1) in fillets kept frozen 1 day and 4.8 (SD % 0.2) in com-
parable fillets kept for 23 wk in a freezer. From the % proportion
of TMAO-reducing bacterial strains the number of such bacteria
was calculated and found to be Log 4.3 in unfrozen fillets, 4.0
in fillets kept frozen 1 day, and 3.7 in fillets kept 23 wk.

Table 1—Reduction in bacterial numbers in cod fillets in 2.25 kg cartons
after different keeping time at -25°C

% Reduction in bacterial numbers

Storage time Mesophiles Psychrotrophs Conforms
1 day 0 0 0
18 wk 28 37 60
23 wk 53 43 80
50 wk 70 90 91
10
—O—  Skin, unfrozen
—@—  Skin, frozen 8 weeks
—1{— Flesh, unfrozen
£ g { —— Flesh, frozen 8 weeks
o
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Days in ice
Fig. 2—Growth of bacteria cn plate count agar with 0.5% NaCl
(total count at 22°C) during iced storage of unfrozen and thawed
whole cod (kept frozen 8wks). Counts in both skin and flesh sam-
ples are shown. Means of 4 samples.
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Table 2—Composition of the bacterial flora in cod fillets in «=2.25 kg cartons
(brackets show % proportion of TMAO reducing strains)

% Composition of the psychrotrophic bacterial
flora on PCA + 0.5% NaCl

Unfrozen Frozen 1 day Frozen 23 weeks

1. GRAM-positive 20 20 40
Mic/Staph* 8(4) 8(4) 20(8)
Coryneforms 12(4) 12 20

2. GRAM-negative 72 80 52
Mor/Aci* 52(8) 36(4) 32
Flav/Cyt* 20 40 20
Ps/Alt/Alc* 0 4 0

3. Unidentified 8 0 8

* Mic'Staph = Micrococcus/Staphylococcus, Mor/Acin = Moraxella/Acinetobacter,Flav/
Cyt = Flavobacterium/Cytophaga, Ps/Alt/Alc =
genes

Pseudomonas/Alteromonas/Alcali-

Results from TMAO measurements in fillets kept up to 50
wk in a freezer indicated that TMAO was not broken down
during freezer storage. Thus, TMAO (as mg N/IOOg) was 82.4
(SD %= 7.1) in unfrozen fillets, 82.1 (SD + 8.5) in fillets kept
frozen 1day, 85.1 (SD £ 7.6) in fillets kept frozen 23 wk and
81.2 (SD % 0.8) in fillets kept frozen 50 wk. Differences in
means were not significant (p > 0.05).

Cod fillets

No significant difference was found between the initial num-
ber of psychrotrophic bacteria in unfrozen cod fillets, those kept
frozen 1day or 5 wk. However numbers of bacteria were lower
(p < 0.05) when fillets had been kept in frozen storage for 14,

27 and 52 wk (Fig. 3). Most of the time in iced storage, numbers
of bacteria were lower in those fillets that had been kept longest
in a frozen state (Fig. 3). Differences in bacterial counts after
7, 10 and 14 days in ice were significant between fillets that had
been kept for < 14 wk in a frozen state and those kept > 14
wk. After 17 days iced storage the difference was not significant.

The proportion of Gram-positive bacteria did not increase
with increasing frozen storage as had been found for cod fillets
in cartons (Table 3). However, during storage in ice, Gram-
negative bacteria became predominant with the highest propor-
tion of the genera Pseudomonas/Alteromonas/Alcaligenes. NO
marked difference in bacterial flora of unfrozen fillets occurred
during storage in ice and frozen-thawed fillets.

From the % proportion of TMAO-reducing bacterial strains
the number of such bacteria after 1 day storage in ice was cal-
culated to be Log 4.3 in unfrozen fillets, 4.2 in those kept frozen
1 day and 3.4 in fillets kept frozen 27 wk. This corresponded
to the TMAO-reducing bacteria in thawed fillets (kept frozen 27
wk) being 12% of the number of such bacteria in unfrozen fil-
lets. During prolonged iced storage the number of TMAO-re-
ducing bacteria was lower in thawed fillets than in unfrozen
ones. Thus, after 10 days storage in ice, the number of TMAO-
reducing bacteria was log 5.3 in unfrozen fillets but 4.7 in those
kept frozen 27 wk. Calculated as percentages this corresponded
to the TMAO-reducing bacteria in thawed fillets (kept frozen 27
wk) being 25% of the number in unfrozen fillets.

TMA measurements showed that average TMA had not ex-
ceeded 2 mgN/IOOg after 13 days storage in ice, even in un-
frozen fillets. At the end of storage or after 21 days in ice the
TMA level in unfrozen fillets was 16.3 (Fig. 4). The longer the

Table 3—Composition of the bacterial flora in cod fillets (numbers in brackets show % proportion of TMAO reducing strains)
% Composition of the psychrotrophic bacterial flora on PCA + 0.5% NaCl

Unfrozen
1 day 10 days 21 days 1 day
in ice in ice in ice in ice
1 GRAM-positive 48 16 12 24
Mic/Stap* 8(4) 8 8 8(8)
Coryneforms 40(8) 8 4 16(4)
2. GRAM-negative 48 80 80 76
Mor/Acin* 12 72(4) 28 20
Flav/Cyt* 28 0 8 48
Ps/AIt/Alc* 8(4) 8 44(16) 8
3. Unidentified 4 4 8 0

* Mlc/Staph = Micrococcus/Staphylococcus, Mor/Acin = Moraxella/Acinetobacter. Flav/Cyt =

10
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—— Frozen 14 weeks
—7/x— Frozen 27 weeks
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Days in ice

Fig. 3—Growth of bacteria on plate count agar with 0.5% NaCl
(total count at 22°C) during iced storage of unfrozen and thawed
cod fillets (kept frozen 1day and 5, 14, 27 and 52 wks). Means of
3 samples.

Frozen 1 day Frozen 27 wk

10 days 21 days 1 day 10 days 21 days
in ice in ice in ice in ice in ice
24 12 44 12 0
12(4) 8 24(4) 0 0
12 4 20(4) 12(4) 0
76 88 44 88 100
40 8 20 56(4) 24

0 4 20 4 0
36 76(16) 4 28 76
0 0 8 8 0

Flavobacterium/Cytophaga, Ps/Alt/Alc = Pseudomonas/Alteromonas/Alcaligenes

20

Unfrozen
Frozen 1 day
Frozen 5 weeks
Frozen 14 weeks
Frozen 27 weeks
Frozen 52 weeks

ry
[$)]
1

mgN/100g
o

TMA,

0 T
0 3 6 9 12 21
Days in ice
Fig. 4—Changes in trimethylamine (TMA) during iced storage of
unfrozen and thawed cod fillets (kept frozen 1 day and 5, 14, and

27 and 52 wks). Means of 3 samples.
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fillets had been kept frozen the slower the TMA formation dur-
ing iced storage. Much more TMA was formed in the flesh of
whole cod than in fillets kept on ice, reaching values > 40 after
21 days iced storage (Fig. 1). The reduction of TMAO to TMA
was expected to proceed at a faster rate at conditions of low
oxygen tension (Huss, 1972). The spoilage bacteria use TMAO
as an electron acceptor instead of oxygen (anaerobic respiration)
when oxygen is in low concentration. This leads to more TMA
production in whole cod than in iced fillets where oxygen con-
centration would be expected to be much higher. We also ex-
pected that the skin would prevent leakage of TMAO from the
flesh with the melt water from the ice.

Results from TMAO measurements in fillets kept up to 52
wk in a freezer showed that it was not broken down during
freezer storage. Thus, TMAO (as mg N/IOOg) was 90.1 (SD *
6.6) in unfrozen fillets, 83.3 (SD = 9.4) in fillets kept frozen 5
wk, 85.1 (SD = 123) in fillets kept frozen 14 wk, 78.2 (SD

+ 3.0) in those kept frozen 27 wk and 94.9 (SD + 4.3) in
fillets kept frozen 52 wk.
9
—QO— Unfrozen
j —@— Frozen 1day
8 —{— Frozen 5 weeks
—l— Frozen 14 weeks
7 - —I/\— Frozen 27 weeks
Frozen 52 weeks
6 -
4
S s
(/2]

1 M T T T T T v T
0 3 6 9 12
Days in ice
Fig. 5—Sensory evaluation during iced storage of unfrozen and

thawed cod fillets (kept frozen 1day and 5, 14, 27 and 52 weeks).
Means of 3 samples.
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Fig- 6—Growth of bacteria on iron agar (total count at 22°C) dur-
ing iced storage of unfrozen and thawed ocean perch fillets (kept
frozen 1day, 7 weeks and 25 weeks). Means of 3 samples.

Table 4—Linear regression of sensory scores for cod fillets vs days in ice
(Y = a + b X (days in ice))

Coefficient of

Storage time Intercept (a) Slope (b) determination (r2)
Unfrozen 8.33 -0.36 0.995
Frozen 1 day 7.49 -0.35 0.983
Frozen 5 wk 7.76 -0.30 0.983
Frozen 14 wk 6.63 -0.21 0.875
Frozen 27 wk 7.27 -0.28 0.971

Sensory evaluation showec that at the beginning of iced stor-
age the unfrozen fillets had highest (p < 0.05) freshness scores
(Fig. 5). Fillets kept 52 wk in frozen state were lower. Assuming
linear regression (except for fillets kept 52 wk) between scores
and storage time in ice the equations for the lines were calcu-
lated (Table 4) and maximum storage time in ice found using
4.5 as a borderline. In all groups except fillets kept for a year,
the keeping time in ice was around 10-12 days. The fillets kept
frozen for 52 wk had average scores between 5 and 6 most of
the storage time. On the 14th day in ice those fillets had higher
(p < 0.05) scores than those in all other experimental groups.
By the time the panel judged the cod fillets unacceptable the
TMA had not reached 2 mgN/IOOg. This applied both to un-
frozen and thawed fillets.

Ocean perch fillets

Total counts on IA showed there was no significant difference
in initial numbers of psychrotrophic bacteria in unfrozen and
thawed fillets. Over 20 days storage the increase in numbers of
bacteria were similar in all groups except that for 9 and 13 days
in ice higher numbers were obtained on the unfrozen fillets (Fig.
6). Numbers of H2S-producing bacteria on IA were low during
storage. On average they were about 1% of the total count. No
significant difference occurred in initial numbers of H2S-pro-
ducing bacteria in unfrozen and thawed fillets. However, the
number of these bacteria was higher in unfrozen fillets on days
6, 9 and 13 of iced storage (Fig. 7).

A slight increase in proportion of Gram-positive bacteria was
noticed during frozen storage (Table 5). In the beginning of iced
storage, bacteria belonging to Vibrio/Aeromonas were most pre-
dominant in unfrozen fillets while in thawed fillets Micrococcus/
Staphylococcus were most predominant. However, during iced
storage, Gram-negative bacteria became predominant with high-

10

Unfrozen

Frozen 1 day
Frozen 7 weeks
Frozen 25 weeks

Log number/g

0 T T T T
0 3 6 9 12
Days in ice
Fig. 7—Growth of I-*S-produclng bacteria on Iron agar (count at
22°C) during iced storage of unfrozen and thawed ocean perch

fillets (kept frozen 1 day, 7 weeks and 25 weeks). Means of 3
samples.
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Table 5—Composition of the bacterial flora in ocean perch fillets (numbers in brackets show % proportion of TMAO reducing strains)

% Composition of the psychrotrophic bacterial flora on iron agar

Unfrozen
1 day 16 days
in ice in ice
1. GRAM-positive 44 0
Mic/Staph* 4(4) 0
Coryneforms 16 0
Lactobacillus 12 0
Ped/Strep/Leu* 12 0
2. GRAM-negative 52 100
Mor/Acin* 16 0
Flav/Cyt* 4 0
Ps/Alt/Alc* 0 100(8)
Ente-obacteriaceae 4 0
Vibrio/Aeromonas 28(4) 0
3. Unidentified 4 0

* Mic/Staph = Micrococcus/Staphylococcus, Ped/Strep/Leu -
phaga, Ps/Alt/Alc = Pseudomonas/Alteromonas/Alcaligenes

est proportion of the genera Pseudomonas/Alcaligenes/Altero-
monas. From the % proportion of TMAO-reducing bacterial
strains the number of such bacteria after 1 day storage in ice
was calculated to be Log 3.2 in unfrozen, 3.7 in fillets kept
frozen 1 day and 3.4 in those kept frozen 25 wk. The number
of these bacteria was not lower in thawed fillets than in unfrozen
fillets during prolonged iced storage.

Thirteen of the isolated colonies from IA were black (HZ-
producing). These were identified as Pseudomonas/Altero-
monas/Alcaligenes (8), Vibrio/Aeromonas (4) and Enterobacter-
iaceae (1). Only 6 of these 13 strains or 46% were able to reduce
TMAO. These were Pseudomonas/Alteromonas/Alcaligenes.
Members belonging to these genera were 62% of the total num-
ber of black colonies. This shows that not all strains which form
black colonies on IA reduce TMAO and that other species than
those belonging to Pseudomonas/Alteromonas/Alcaligenes can
form black colonies. Furthermore 75% of bacteria identified as
Pseudomonas/Alteromonas/Alcaligenes reduced TMAO. Some
strains which belong to these genera therefore do not reduce
TMAO. We could assume that at least some of the strains re-
ferred to as Pseudomonas/Alteromonas/Alcaligenes belong to
the species Alteromonas putrefaciens, now commonly named
Shewanella putrefaciens (MacDonell and Colwell, 1985). This
species has frequently been reported as a main spoilage organ-
ism in fish.

After 16 days iced storage TMA had not yet reached 1 mgN/
I0Qg in any experimental groups. It was not until after 20 days

20

Unfrozen

Frozen 1 day
Frozen 7 weeks
Frozen 25 weeks

154

mgN/100g

10 1

TMA,

0 3 6 9 12 15 18 21

Days in ice

Fig. 8—Changes in trimethylamine (TMA) during iced storage of
unfrozen and thawed ocean perch fillets (kept frozen 1 day, 7

weeks and 25 weeks). Means of 3 samples.

Pediococcus/Streptococcus/Leuconostoc. Mor/Acin -

Frozen 1 day Frozen 25 wk

1 day 16 days 1 day 16 days
in ice in ice in ice in ice
60 16 52 8
28(20) 0 40(20) 0
12 12 8 8

4 4 4 0
16 0 0 0
36 80 40 92

4 0 20 20
12 0 12 0

0 80(12) 0 72(4)
20 0 4(4) 0

0 0 4 0

4 4 8 0

Moraxella/Acinetobacter, Flav/Cyt - Ftavobacterium/Cyto-

in ice that difference was noticed in TMA values. Highest av-
erage values were found in unfrozen fillets or 6.8 (SD + 1.4).
Comparable values were 4.1 (SD = 1.1) in fillets kept frozen
1day, 3.5 (SD + 0.3) in fillets kept frozen for 7 wk and 19
(SD £ 0.3) in fillets kept frozen 25 wk (Fig. 8). This difference
was significant (p < 0.05) between unfrozen and thawed fillets.
Results were in agreement with earlier results when examining
TMA formation in frozen-thawed cod.

Analysis of TVB (mgN/I0Og, Fig. 9) showed in all experi-
mental groups the TVB during the first 16 days storage had an
average reduction of 28%. The explanation could be that some
of the volatile bases leaked away with the melt water from the
ice. Not until the 20th day of iced storage was an increase in
TVB observed. The highest increase was in unfrozen fillets and
there was a significant difference (p < 0.05) in TVB between
unfrozen fillets (33 + 3.2) and those kept frozen for 25 wk
(20.8 = 45).

TMAO (Fig. 10) showed initial values from 87.9 to 96.5
mgN/IOOg and were not significantly different (p > 0.05) be-
tween experimental groups. This indicated that TMAO had not
broken down in the fillets during frozen storage. In all experi-
mental groups TMAO decreased during storage in ice by up to
81%. This loss could not be related to bacterial reduction of
TMAO as TMA was measured under 1 mgN/I0OOg most of the
storage time. The most likely explanation is that TMAO had
leaked away with the melt water from the ice. The TMAO loss
was not significantly lower in frozen-thawed fillets than in un-

40

Unfrozen

Frozen 1 day
Frozen 7 weeks
Frozen 25 weeks

mgN/100g

TVB,

O T T T T T T T T T T
0 3 6 9 12 15 18 21
Days in ice
Fig. 9—Changes in total volatile bases (TVB) during iced storage
of unfrozen and thawed ocean perch fillets (kept frozen 1 day, 7
weeks and 25 weeks). Means of 3 samples.
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KEEPING QUALITY OF THAWED FISH ...

Table 6—Linear regression of sensory scores for ocean perch fillets versus
days in ice (Y = a + b X (days in ice))

Coefficient of

Storage time Intercept (a) Slope (b) determination (r2)
Unfrozen 8.76 -0.43 0.888
Frozen 1 day 7.71 -0.33 0.893
Frozen 7 wk 7.49 -0.33 0.917
Frozen 25 wk 6.56 -0.20 0.580

frozen fillets (as might have been expected) due to possible cell
damage during freezing, freezer-storage and thawing.

Sensory evaluation showed that at the beginning of iced stor-
age unfrozen fillets had significantly highest scores (Fig. 11).
The unfrozen samples obtained higher scores throughout most
of the storage period. Assuming linear regression (except for
fillets kept 52 wk) between scores and storage time in ice equa-
tions were calculated (Table 6) and maximum storage time in
ice was found using 4.5 as a borderline. On the 9th to 10th day
all experimental groups had reached about the limit of edibility.
By the time the panel judged the ocean perch fillets unacceptable
the TMA was < 1 mgN/IOOg. This applied both to unfrozen
and thawed fillets.

CONCLUSIONS

Freezing and short-term freezer StOrage (<5 Wk) has little
effect on bacterial counts. Thus, bacterial counts obtained from
frozen samples kept for a short time in freezer reflect bacterial
numbers just prior to freezing. However, during long-term
freezer storage (>14 wk) there was a reduction in total counts
and counts of TMAO-reducing bacteria in cod fillets but not
ocean perch fillets. The proportion of Gram-positive bacteria did
not increase distinctly with increasing frozen storage as expected
except in cod fillets kept in 2.25 kg cartons. However, during
storage in ice, Gram-negative bacteria became predominant in
both cod and ocean perch fillets. The numbers of H2S-producing
bacteria in ocean perch fillets were low throughout storage. Sen-
sory evaluation showed that thawed fillets never had as high
scores at the beginning of iced storage as unfrozen fillets. How-
ever, similar scores were found for both unfrozen and thawed
fillets after 10-12 days in ice when they were unacceptable. The
longer the fillets had been kept frozen, the slower the TMA and
TVB formation in the fillets during iced storage. Use of TMA
as a spoilage indicator is of no value when evaluating spoilage

100
—QO— Unfrozen
—®— Frozen 1day
—{— Frozen 7 weeks
80 4 Frozen 25 weeks

mgN/100g
(2]
o

O 404
< 40
=
-
20
0 T T T T T T T T T T T T
0 3 6 9 12 15 18 21

Days in ice
Fig. 10—Changes in trimethylamine oxide (TMAO) during iced

storage of unfrozen and thawed ocean perch fillets (kept frozen 1

day, 7 weeks and 25 weeks). Means of 3 samples.

state of unfrozen and frozen-thawed cod and ocean perch fillets
kept in ice.
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weeks). Means of 3 samples.
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|dentification of Red Snapper (Lutjanus campechanus) using
Electrophoretic Techniques

TUNG-SHI HUANG, MARTY R. MARSHALL and CHENG-I WEI

ABSTRACT

Isoelectric focusing (IEF), sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE),

phoresis were employed to produce protein profiles for species identifi-

and two-dimensional (2-D) gel electro-

cation ofred snapper and 11 other fish species. Comparing the distinctive
patterns of water-soluble sarcoplasmic proteins for each species on IEF
and SDS gels, red snapper could be identified.
pH 3-10 and 80%
with ampholyte ranging from pH 3-10, 4-6.5, 6-8, or 5-6 for species
identification. The 10 and 12.5% SDS-PAGE gels produced more dis-
tinctive protein profiles for identification than 7.5 and 15% gels. Thus,

IEF gels of ampholyte

mixture of 20% pH 4-6.5 resolved better than gels

these techniques could be applied to identify fish species.

Key Words: red snapper, protein profiles, electrophoresis

INTRODUCTION

Red snapper (Lutjanus campechanus) is one of the most im-
portant commercial fish in the snapper-grouper fishery in the
Northern Gulf of Mexico (FAO Species Catalogue, 1985). It is
a popular eating fish with relatively high market value. Because
of their solitary habits and territorial behavior, red snapper are
not caught in huge quantities. The yield of red snapper around
Florida waters from about 1984 to 1994 has become nearly
steady and is estimated to be 1,360-1,814 metric tons annually.

The high value of red snapper and the lack of predicted in-
creases in this resource lead to illegal sale of other red snapper-
like fish and/or the substitution of less valuable species in
seafood markets. lllegal substitutions have occurred for red
snapper and other valuable snappers and groupers and to a lesser
extent, for mackerel and swordfish. The FDA (1980) issued a
‘Compliance Policy Guide’ (7108.21) to resolve concerns for
selling Pacific coast rockfish (family Scorpaenidae) as red snap-
per. The development of analytical methods to identify fish spe-
cies is, therefore, important in preventing willful or
unintentional substitution of lower valued fish species for high
valued fish in the marketplace.

Electrophoretic methods such as starch gel-zone electropho-
resis, acrylamide disc electrophoresis, thin layer polyacrylamide
gel isoelectric focusing and cellulose acetate strip have been
accepted as official methods by the Association of Official An-
alytical Chemists (AOAC, 1990) to differentiate seafood species
or seafood products. Lundstrom (1980) and An et al. (1988)
utilized various electrophoretic support matrixes to successfully
separate fish muscle proteins for identification. Sodium dodecyl
sulfate (SDS) has been incorporated into the gel to improve
resolution of electrophoretic protein patterns (Lundstrom 1979,
1980; Melvin, 1987; An et al., 1988).

Isoelectric focusing (IEF) has been extensively used for iden-
tification of seafood species because it provides reliable and re-
producible resolved protein patterns for differentiating closely
related species (Lundstrom, 1983a, 1983b; An et al., 1989). Urea
has also been incorporated to enhance protein separation and
resolution (Keung et al., 1985; An et al., 1989). The Florida
Department of Agriculture and Consumer Services used thin
layer IEF to identify retail snapper fillets (Hsieh et al., 1989).

The authors are affiliated with the Food Science & Human Nutri-
tion Dept., Univ. of Florida, Gainesville, Florida 3261T0370. Ad-
dress inquiries to Dr. C. I. Wei.

Our objective was to investigate the feasibility of using SDS-
polyacrylamide gel electrophoresis (SDS-PAGE), IEF, and two-
dimensional (2-D) gel electrophoresis to prepare protein profiles
for red snapper identification compared with other closely related
fish species that may be substituted illegally for red snapper.

MATERIALS & METHODS

Fish samples

Authentic samples of red snapper (Lutjanus(anmw RS), ver-
milion snapper IteS al_.IrOIUbenS_vsy gray snapper (LU[JaI’IUS
gl’lseUS, GS), hogfish (LaChnO|aIrTUS rTB_XWn.E, HF), lane snapper (LU'
uaﬂBSVI‘langS LS), mutton snapper (Lutjanusanahs M S), and yellow -

r'us ChtySUFUS, YS) were obtained from the Food
Laboratory, Florida Department of Agriculture and Consumer Service,

tail snapper

Tallahassee, FL. Red snapper obtained from the Texas and Florida coasts
off the Gulf of Mexico were provided by Dr. W. S. Otwell, University
of Florida. Onespot snapper (Lut]anl.s n’(HBtlngB. 0S), blackspot snap-
per (LUtJanl.BfuIVlﬂamm BS), and M adras snapper (LutjanUS |Ul]al'us
LL) were obtained from Taiwan and shipped in dry ice to the laboratory
at the Food Science and Human Nutrition Dept.,, Univ. of Florida. VS,
GS, HF, pink porgy (Pagr'US pagI’US, PG), and white grunt (l'mmlm
numeﬂ, W G) were purchased from a local seafood store. Each species
was represented by at least two fish. Fish filets were prepared after they
and headed.
then cut into small pieces of about 20g, put in Whirlpak® bags, and
stored at -33°C until needed.

were scaled, gutted, The filets (white muscle only) were

Protein extraction and sample preparation

The outer layers of defrosted fish samples were removed. Only the
center part of each sample, about 6g, was homogenized with 3 volumes
of water (w/v) at 24°C for 1 min using a Polytron (setting 6.2, Brink-
mann Instruments, Westbury, NY). The water contained 0.1 mM phen-
ylmethylsulfonyl fluoride (PMSF), 10 mM EDTA and 0.01%

azide to inhibitproteases and microbial growth. Afterhomogenized sam -

sodium

ples were centrifuged at 26,900 X gfcr 20 min at 5°C, the supernatants
were collected and protein concentrations determined by Lowry method
1951).
water, the supernatants were added with sucrose granules to contain 6%

(Lowry et al., Following protein adjustment to 5 mg/mL with

sucrose.
100 |iL aliquots, and stored at -70°C.

The sample preparations were then placed into small vials in

Isoelectric focusing electrophoresis (IEF)

A gel (w/v)
cross-linker N'N'-bis-methylene-acrylamide [Bis]), 2%

acrylamide (containing 5.3%
(w/v) Triton X-

100 and 9.2 M urea was mixed for 5 min at 37°C. Following addition

mixture containing 4%

of ampholyte (Pharmacia, Piscataway, NJ) mixture containing 20%, pH
3-10 and 80%, pH 4-6.5 (Wei et al.,
2% (v/v), the gel mixture was degassed for 3 min. A fter adding fresh
v/v) and N,N,N' N'-tetramethylethylene-
v/v), the mixture was poured into 16 X 20

1990) to a final concentration of

ammonium persulfate (0.02%,
diamine (TEMED, 0.14%,
cm slab gel plates (0.75 mm thick) assembled with a comb. The gel was
Following removal of the comb
from the gel, lysis buffer containing 9.5 M urea, 2% Triton X-100 and
2% (v/v) ampholyte (pH 4-6.5) was overlaid on the gel for 1 hr. The
gel was prefocused at 200 V for 15 min, then increased to 300 V for 30
min and 400 V for a final 30 min using 0.01 M phosphoric acid as the
sodium hydroxide as the cathode solution.

then allowed to polymerize for 2 hr.

anode solution and 0.02 M
A fter prefocusing, protein samples (100 pg/well) were applied to the gel
and overlaid with an aqueous solution containing 2% Triton X-100 and
2% ampholyte (pH 4-6.5). The gel plate was then reassembled in the
electrophoresis unit; and after fresh cathode solution was added to the
chamber, proteins were focused at 24°C for 17 hr at 400 V with circu-
lating tap water. A fter the IEF run, gels were fixed in a fixative (4%
sulfosalicylic acid and 12.5% trichloroacetic acid) for 6 hr, stained with

Volume 60, No. 2, 1995—JOURNAL OF FOOD SCIENCE—279



ELECTROPHORETIC IDENTIFICATION OF RED SNAPPER . ..

3.76—

Fig. 1EF protein patterns of water-soluble muscle sarcoplasmic extracts from (1) RS, (2) VS, (31GS, (4) HF, (5 LS, (6) MS, (7) YS,
(8? 0S, (9 BS, (10) LL, (11) PG, and (12) WG on pH 3—10 electrophoresis gels. The numerical designations indicate apparent pi values

of the protein bands.

0.04% Coomassie blue R-250 for 1 hr, destained in a solution containing
0.5% copper sulfate, 12% 2-isopropanol, and 7% acetic acid, and then
stored in a 7% acetic acid - 5% methanol solution. Electrophoretic pat-
terns were recorded by developing the positive image using a Kodak
Electrophoresis Duplicating Paper (Eastman Kodak Co., Rochester, NY).

IEF gels of differing pH ranges were also prepared to evaluate fish
protein patterns using ampholytes giving pH of 30, 4-6.5, 6-8, and
5-6). Running conditions and chemicals used were as described.

Apparent pi of protein bands

The apparent pi values of fish proteins were determined indirectly by
comparing their Rf values on the gel with those of protein standards
(Broad pi kit, pH 3-10, Pharmacia) containing trypsinogen, pi 9.30;
lentil lectin-basic band, pi 8.65; -middle band, pi 8.45; -acidic band, pi
8.15; horse myoglobin-basic band, pi 7.35, -acidic band, pi 6.85; human
carbonic anhydrase B, pi 6.55; bovine carbonic anhydrase, pi 5.85; (3
lactoglobulin A, pi 5.20; soybean trypsin inhibitor, pi 4.55; and amy-
loglucosidase, pi 3.50. From apparent pi and Rfvalues of the standards
and the Rf values of fish proteins on the gel, the apparent pi of fish
proteins was determined (Laas et al., 1980; An et ah, 1989).

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)

SDS-PAGE was performed according to the modified procedures of
Laemmli (1970) and O’Farrell (1975) using a Protean unit (Bio-Rad,
Hercules, CA) (An et ah, 1988). SDS-PAGE gels were stained with
0.125% (w/v) Coomassie Brilliant Blue R-250 in 40% ethanol and 7%
acetic acid, and then destained in 7% acetic acid containing 5% metha-
nol. Electrophoretic patterns were recorded as described. Molecular
weights were determined by comparing relative mobilities of protein
bands to standard proteins (Weber et ah, 1972). Low molecular weight
(MW) proteins (Pharmacia) containing phosphorylase b (MW, 94 kD),
albumin (67 kD), ovalbumin (43 kD), carbonic anhydrase (30 kD), tryp-
sin inhibitor (20.1 kD), and a-lactaloumin (14.4 kD) were used as stan-
dards.

Two-dimensional (2-D) electrophoresis

Isoelectric focusing gels were made in glass tubes (140 X 15 mm
inside diameter, Bio-Rad) sealed at the bottom with Parafilm. The gel
solution which contained 20% pH 3-10 and 80% pH 4-6.5 ampholyte,
and the remaining ingredients described in the IEF gel electrophoresis
section were loaded into gel tubes using a syringe with a long narrow
gauge hypodennic needle to about 5 mm from the top. Gels were over-

laid with 8 M urea solution, and 1 hr later, this overlay solution was
removed and replaced with lysis buffer. The gels were allowed to set
for 1 more hr. After removing the Parafilm, the tubes were placed in a
tube gel electrophoresis chamber (Bio-Rad). The lysis buffer was re-
moved from the surface of the gel and fresh lysis buffer was added. The
lower reservoir was filled with 0.01M H,P04, and the upper reservoir
filled with 0.02 M NaOH, both being extensively degassed. The gels
were then prefocused at 200 volts for 15 min, 300 volts for 30 min, and
then 400 volts for 30 min. Following prefocusing, the power was turned
off and the upper reservoir emptied. The lysis buffer and NaOH solution
were removed from the surface of the gels, and samples were loaded
with a micropipette. The gels were then run at 24°C for 17 hr at 400
volts with circulating water. Gels were slowly forced out by pressure
from the tubes with a 20-mL syringe connected to the electrophoresis
tube via a short piece of Tygon™ tubing.

The SDS-PAGE slab gels consisting of a 15% running (containing
2.7% Bis) and a 3.1% stacking gel (containing 2.7% Bis) were used in
the second dimension. A 2-D gel comb was inserted 8 mm below the
notch to form a flat surface on the top of the stacking gel. After the gel
solution was polymerized, the comb was removed from the gel and all
unpolymerized gel solution removed from the surface. The first dimen-
sional IEF tube gel was then placed on a piece of Parafilm and straight-
ened. One mL of 1% melted agarose solution was put in the notch to
keep the IEF gel in place and avoid mixing as the protein zones migrated
out of the cylinder into the slab gel. The IEF gel was then placed parallel
to and near one edge of the Parafilm and transferred onto the top of the
SDS slab gel.

To avoid protein losses, isoelectric focusing gels were run without
equilibration. Running gel was poured to 50-mm below the base of the
notch. A 50-mm stacking gel was prepared following the same procedure
as the standard SDS slab gel. IEF gel was loaded directly on top of the
slab gels and the tracking dye, bromophenol blue, was added. The slab
gels were mounted on the gel tank, and 2% SDS running buffer was put
in the upper reservoir and regular running buffer in the lower reservoir.
The gels were run at 20 mA for 20 min. The 2% SDS running buffer
was then replaced with a standard running buffer and electrophoresis
was continued until the tracking dye front reached the end of the gel.

Following electrophoresis, the gels were fixed in a 40% ethanol—7%
acetic acid solution for 48 hr with four changes of fixative. Gels were
stained and destained and electrophoretic patterns recorded as described.
Molecular weights were determined by comparing relative mobilities of
protein bands with those of standard proteins.

RESULTS & DISCUSSION

All experiments with 12 fish species were repeated at least
twice; they all showed reproducible protein patterns. Further-
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Fig. 2—Protein profiles of water-soluble muscle sarcoplasmic extracts from various fish samples on (&) 10%, and (B) 12.5% SDS-
PAGE. Fish samples are (1) RS, (2) VS, (3) GS, (4) HF, 5) LS, (6) MS, (7) YS, (8) OS, (9) BS, (10) LL, (11) PG, and (12) WG. The numerical

designations indicate molecular weight of the protein bands.

Table 1—Distribution of water-soluble sarcoplasmic proteins (with pis) of 12 fish species on IEF gels using pH 3-10 and 4-6.5 ampholytes, and an

ampholyte mixture of 20% pH 3-10 and 80% pH 4-6.5

Fish species

Red snapper (RS)

Vermilion snapper (VS)
Gray snapper (GS)

Hogfish (HF)

pH 3-10 Ampholytes
6.14, 5.98, 4.77, 4.52, 3.76, 3.48

6.14, 5.01, 4.77, 3.76, 3.48
6.14, 5.98, 5.90, 4.35, 3.38, 3.23

6.14, 5.98, 5.90, 3.90, 3.63

Lane snapper(LS) 6.14, 4.61, 3.48
Muttcn snapper (MS) 477
Yellovvtail snapper (YS) 461, 3.63

Onespot snapper 10S)
Blackspot snapper (BS)
Madras snapper (LL)

Pink porgy (PG)
White grunt (WG)

more, the IEF and SDS-PAGE protein profiles conducted by
different operators following the same protocol procedures, all
showed reproducible results.

6.14, 5.98, 5.85, 4.77, 3.90, 3.48, 3.38

6.14, 5.98, 5.85, 4.77, 4.14, 3.48, 3.38,
3.26

6.14, 5.98, 5.85, 3.85, 3.76, 3.63, 3.55,
3.38

5.01, 4.52
6.14, 5.98, 5.85, 4.35, 3.95, 3.76, 3.38

Red snapper from the Texas and

pH 4-6.5 Ampholyte

6.54, 6.34, 6.21, 6.01, 5.25, 5.04, 4.98,
4.69, 4.49

6.54, 5.50, 5.25, 5.04, 4.69, 4.49

6.34, 6.21, 6.10, 4.98, 4.82, 4.69, 4.46,
4.35

6.34, 6.21, 6.10, 6.01, 4.82, 4.69, 4.60

6.34, 5.12, 4.82, 4.53, 4.49

6.21, 5.30, 5.04, 4.60

6.21, 5.04, 4.60, 4.49

6.49, 6.21, 6.10, 4.75, 4.52, 4.49, 4.35

6.49, 6.21, 6.10, 6.01, 4.80, 4.49, 4.29
4.73, 4.69, 4.52

5.45, 5.01
4.77, 4.35

Ampholyte mixture

7.26, 7.10, 7.05, 6.90. 6.69, 5.96, 5.76,
5.65, 5.36, 5.18

7.26, 7.10, 6.72, 6.18, 5.96, 5.36, 5.18

7.26, 7.10, 6.90, 6.72, 5.76, 5.65, 5.49,
5.13, 5.02

7.26, 7.10, 7.05, 6.90, 6.72, 5.57, 5.44,
5.36, 5.26

7.10, 5.79, 5.59, 5.22, 5.18
7.10, 5.96, 5.76, 5.26
6.90, 5.76, 5.26, 5.13

7.26, 7.10, 6.90, 6.69, 5.49, 5.47, 5.18,
5.08

7.26, 7.10, 6.90, 6.69, 5.57, 5.53, 5.18,
5.08, 5.02

7.26, 7.10, 5.47, 5.36, 5.26, 5.11

7.05, 6.18, 6.10, 5.76
7.26, 7.10, 5.65, 5.53, 5.49, 5.36, 5.11

proteins, but, also had some proteins found in patterns of other

species (Fig. 1 and Table 1). By comparing protein profiles on
the pH 3-10 IEF gel. RS could be identified.

Florida coasts off the Gulf of Mexico showed similar gel elec-
trophoretic protein patterns as authentic red snapper (data not
shown). No difference in protein patterns was observed between
red snappers from these two different locations.

IEF gels

A broad range pH 3-10 ampholyte was employed in order to
obtain more protein bands for species comparison. Protein bands
with pi values between 3.23 and 5.5 were well separated and
readily recognizable (Fig. 1). Each of the 12 species demon-

strated unique protein profiles. They each had species-specific

Note that proteins from each species having pi values of 5.8-
6.8 were stacked together on the pH 3-10 IEF gel, while those
with pi > 6.8 were blurred. This made protein identification
difficult. Ampholytes at different pH ranges of 4-6.5, 6-8, and
5-6, as well as an ampholyte mixture containing 20% pH 3-10
and 80% pH 4-6.5 were also used to separate proteins of des-
ignated pi ranges on IEF gels for species identification. Proteins
with pi values of 4.35-5.50 in each fish species were well sep-
arated using the pH 4-6.5 IEF gel (Table 1). Furthermore, pro-
teins with pi values of 5.50-6.34 were better separated in this
IEF gel than the pH 3-10 gel, although proteins with pi values
> 6.34 were not well separated (data not shown). Fish samples
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Fig. 3—Two-dimensional gel electrophoretic patterns of the wa-
ter-soluble muscle sarcoplasmic protein extracts from (A) RS and
(B) VS. Top left corner represents pH 7.7 of the gel and top right
corner pH 4.8. The protein standards (STD) are also included.

of different species contained some proteins with the same pi
values. They also showed species-specific proteins. The specific
protein profile of each fish species in the pH 4-6.5 IEF gel could
thus be used for species identification.

Fish samples also showed species-specific protein patterns on
the pH 6-8 and pH 5-6 IEF gels useful for identification. Pro-
teins with pi values of 6.56 to 8.0 were better separated in pH
6-8 IEF gel than in pH 3-10 gel, although those with pi 6.8 to
7.6 stacked together (data not shown). The pi 7.30 protein was
not found in YS and PG, the pi 6.95 protein was not in PG, and
the pi 6.85 protein was not in VS, MS, and PG. The pi 6.79
protein was found in RS, GS, PG, and HF. Only GS had the pi
6.73 protein, and WG had the pi 6.60 and 6.56 proteins. The
pH 5-6 IEF gel also showed similar protein patterns for the 12
fish species as the pH 4-6.5 gel (data not shown). Some protein
bands in the pH 4A5.5 or 3-10 IEF gel. thought to contain only
one protein, pi 5.0 to 6.0. were shown to consist of two proteins
in the pH 5-6 IEF gel due to better separation (data not shown).
Proteins with pi values < 5.0 were not well separated in the pH
5-6 IEF gel compared to pH 4-6.5 gel.

Better protein separation occurred in IEF gels containing a
20% pH 3-10 and 80% pH 4-6.5 ampholyte mixture (Wei et
al., 1990). Using this system, many proteins appeared in the pH

range 5.0 to 7.7 (Table 1). The patterns of fish proteins with pi

5-6.5 were similar to those on the pH 4-6.5 IEF gel (data not

shown). Many proteins with pi > 7.0, that were not found in

the pH 4-6.5 gel, appeared in this gel containing the ampholyte

mixture. These proteins clustered in a narrow area at pH 7.0-

7.7 and were not well separated. Each fish species displayed an
individual protein pattern. Because more protein bands appeared

in the pH range 5.0-7.7. that system may be more effective than

the three previously mentioned IEF gels for species identifica-
tion.

SDS gels

The 7.5, 10.0, 12,5 and 15.3% polyacrylamide gels were used
to separate water-soluble sarcoplasmic proteins from 12 fish
samples. Distinctive protein profiles were noted with each spe-
cies using the 10% SDS gel, although patterns for GS, LS, OS,
BS, and LL were similar (Fig. 2A). Proteins with MW 22.0 to
31.0 kD and 55.1 to 113.4 kD were well separated, while those
major proteins with MW between 31.0 and 55.1 kD clustered
together. The 104.2 kD protein was in HF, OS, BS, and LL; the
67.0 kD protein was in RS, HF, LS, YS, PG and WG; and the
58.9 kD protein only in PG. Except for OR, all fish species
contained the 95.0 kD protein. The 55.1 kD protein was detected
in RS. VS, GS, HF. MS, YS and WG; the 25.6 kD protein was
in VS, MS, YS, and PG: and the 24.0 kD protein was in RS,
GS, LS, BS, LL, and WG.

The protein patterns of the 12 fish species shown in the top
Jj of the 12.5% gel were, in general, similar to those with the
10% gel. However, those proteins having MW between 15 and
24 kD were well separated in the 12.5% SDS gel (Fig. 2B). OS,
BS and LL had similar protein patterns, while each remaining
fish species had its own disLnctive profile useful for identifica-
tion. An 18.6 kD protein was found in RS, LS, OS, BS, and
LL; the 17.8 kD protein was in RS, VS, LS, OS, BS, LL, and
PG; and the 121 kD protein was in RS, GS, LS, YS, OS, BS,
and LL. Only PG was fount to have the 15.4 kD protein.

Proteins with MW < 30 kD were well separated in the 15%
SDS gel (data not shown). The protein patterns were similar to
those of the 12.5% gel except that the distance between protein
bands in the 15% gel was closer. The 15% gel had smaller pores
to retard protein movement. The 13.6 kD protein was found in
RS, HF, LS, MS, YS, OS, BS, LL, and WG, and the 13.2 kD
protein was in VS, GS, LS, YS, OS, BS, LL, and WG. The 12.7
and 15.2 kD proteins were found in HF and PG, respectively.
Each fish species showed distinctive protein profiles.

Proteins with larger molecular weights were better separated
in 7.5% SDS gel; those with MW 55.1 to 95.0 kD were well
separated, while those with MW < 551 kD stacked together
(data not shown). The 95.0 kD protein was in RS, HF, PG, and
WG; the 66.9 kD protein was in RS, HF, YS, PG, and WG; and
the 65.6 kD protein was in YS and PG. The 63.1 kD protein
was in GS, LL, PG, and WG. The 58.9 kD protein was only in
PG, while the 55.1 kD protein was missing only in PG. Protein
profiles from 7.5% SDS gel were not as effective as those from
10, 12,5 or 15% gels for species identification.

Two-dimensional gel electrophoresis

The protein patterns of seven authentic fish samples (RS, VS,
GS, HF, LS, MS, and YS) in the 2-D gel system were compared
for differences in protein pi values and molecular weights; only
patterns of RS and VS are shown (Fig. 3). More protein spots
were obtained for each sample in the 2-D gel than in the IEF
or SDS-PAGE gel. Many proteins with pi < 6.0 on the IEF
gels did not appear in the 2-D gels. Proteins with pi values >
6.5, not well separated in the mixed IEF gel (first dimension),
were separated in the second dimension. Some such bands, es-
pecially those with greater pi values, which appeared to contain
only one protein band in tire IEF gel, showed more than one
protein after the second dimension (Fig. 3). Since each of the
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seven authentic fish samples showed its own unique protein pat-
tern, the 2-D gel could also be used for fish species identifica-
tion.

Alternative electrophoretic methods could thus be used for
regulatory purposes to differentiate red snapper from closely re-
lated fish species, including VS, GS, LS, MS, YS, PG, WG, and
HF, often used as illegal substitutes for RS. Hsieh et al. (1993)
used thin-layer IEF to check 81 labeled as RS fillet samples
collected by food inspectors from retail supermarkets and fish
dealers across Florida between 1988 and 1992 and found that
only 24 (30%) samples were true RS. Scarlet snapper (Lutjanus
sanguineus), GS, LS, malabar snapper (Lutjanus malabaricus),
MS, VS, and YS were used as substitutes for RS and accounted
for 58% mislabeling. The combined use of IEF, SDS-PAGE and
2-D electrophoresis would also help resolve the polymorphism
problem encountered by Lundstrom (1981).
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EMULSION AND HEAT STABILITY OF PLASMA PROTEIN. . .From page 268

lation or denaturation of plasma protein on heat treatment would
be suppressed by conjugation with GM.

The emulsifying properties of the plasma protein-GM com-
plex (complex 2) and native plasma protein were also compared
(Table 2) before and after heat treatment at 80°C for 30 min in
a high-salt buffer (0.066 M sodium phosphate buffer, pH 7.4,
containing 0.2M NaCl). The emulsifying properties of native
plasma protein decreased greatly after heat treatment, possibly
because that sample contained considerable insoluble precipi-
tates. However, there were no deteriorative effects on emulsi-
fying properties of the plasma protein-GM complex after heat
treatment. Thus, plasma protein-GM complex seemed to be sta-
ble to heat. Such heat stability would be favorable to heat pas-
teurization for food applications.

CONCLUSIONS

Plasma protein-GM complex had excellent emulsifying prop-
erties compared to native plasma protein, and its heat stability
was notably enhanced. The plasma protein-GM complex showed
more stable emulsifying properties than commercial emulsifiers
under various conditions.
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Frozen Storage Quality of Rainbow Trout (Oncorhynchus

mykiss) as Affected by Oxygen,

[llumination, and Fillet Pigment

B. BJERKENG and G. JOHNSEN

ABSTRACT

We investigated the influence of packaging materials with high, medium
and low oxygen transmission rates (OTR) on the development of 2-
thiobarbituric acid-reactive substances (TBARS) and astaxanthin reten-
tion in rainbow trout fillets. Three different levels of astaxanthin, during
dark or illuminated frozen storage were studied. Samples were analyzed
after 17, 29 and 36 wk frozen storage. Rancidity developed more rapidly
in packages with high OTR. This effect was more pronounced in illu-
minated samples, also verified by sensory evaluation. Fillets with highest
astaxanthin content reached maximum TBARS after 29 wk. The two
less pigmented sample groups reached maximum after 17 wk frozen
storage, indicating antioxidative effects of astaxanthin.

Key Words: lipid oxidation, frozen storage, rainbow trout, astaxanthin.
antioxidant

INTRODUCTION

Deterioration of food is often caused by the production of
fatty acid hydroperoxides, precursors of rancid flavor sub-
stances. Terao (1989) and Miki (1991) demonstrated that astax-
anthin and canthaxanthin were more efficient singlet oxygen
(’0,) quenchers and radical scavengers than (3,(3-carotene and
zeaxanthin in preventing peroxidation of lipids. Carotenoids are
very efficient antioxidants under low oxygen partial pressure
(Burton and Ingold, 1984), and addition of (3,(3-carotene to veg-
etable oils reduces their peroxidation rate (Fakourelis et al.
1987; Jung and Min, 1991). The influence of light can induce
unwanted changes in foods (Bekbolet, 1990), like off-flavor,
loss of vitamin activity, photosensitized oxidation of lipids and
oxidation of pigments (carotenoids and myoglobin) associated
with loss of natural color. The antioxidant function of carote-
noids has received considerable attention (Krinsky, 1989). Also,
focus on protecting foods high in polyunsaturated fatty acids
(PUFA) is increasing due to possible relations between lipid
oxidation products and atherosclerosis (Kubow, 1993).

The photoprotective function of carotenoids in photosynthe-
sizing or nonphotosynthesizing organisms is well documented
(Komhauser et al. 1989; W ill and Scovel, 1989). The light en-
ergy absorbed by carotenoids is emitted by fluorescence and
molecular vibrations (Bondarev et al.,, 1989; Gillbro and Cog-
dell, 1989; Truscott, 1990; Wasielewski et al., 1989). Several
researchers have reported carotenoid photodegradation in food
systems (Andersen et al., 1990; Camevale et al., 1979, 1980;
Christophersen et al., 1991; Jorgensen and Skibsted, 1990; Najar
et al., 1988; Pesek and Warthesen, 1987, 1990; Pesek et al.,
1990; Sattar et al.,, 1977). The light-initiated degradation of ca-
rotenoids is increased by the presence of photosensitizers, due
to the production of '02 (Gloria et al., 1993; Fakourelis et al,
1987; Jensen et al., 1982). Carotenoids are ‘O, quenchers (Hir-
ayama et al.,, 1994; Murasecco-Suardi et al., 1988) and protect
lipids from photoperoxidation by acting as preferred substrates
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SERV, Institute of Fish Processing & Preservation Technology,
P.0. Box 327, N-4001 Stavanger, Norway. Author Bjerkeng's pres-
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dress: Naringsmiddeltilsynet i MIdt-Rogaland, Forusbeen 3, N-
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(lliou et al., 1992). (3,(3-Cantene also inhibits the cyclooxygen-
ation of arachidonic acid (Flalevy and Sklan, 1987).

Important parameters, potentially different in wild and fanned
fish (reviewed by Haard, 1992 and Love, 1988) may influence
several quality attributes of fish. Considerable variation in lipid
oxidation may occur within species (Erickson, 1993). Informa-
tion is available on pigmentation of rainbow trout (Storebakken
and No, 1992) and salmonids in general (Torrissen et al., 1989),
but very little on coloratior of salmonid products. Radiant flux
density of UV light is more important than OTR of packaging
materials in astaxanthin degradation in rainbow trout steaks dur-
ing frozen storage (Christophersen et al.,, 1992). At present con-
sumers seem to prefer light pink smoked salmon (Gormley,
1992). Several processing conditions affect sensory qualities of
salmonid fish. Longer heat processing may result in darker color
of rainbow trout products due to browning reactions (Chia et
al., 1983). Andersen et al. 11990) showed that steaks of farmed
rainbow trout (Oncorhynchus mykiss) with 9.1 mg astaxanthin/
kg produced less TBARS than steaks of wild Atlantic salmon
(Salmo salar) containing 4.9 mg astaxanthin/kg. They suggested
radical scavenging effects of astaxanthin may explain this ob-
servation. However, the fatty acid content and composition of
wild and farmed Atlantic salmon may vary significantly, de-
pending on fatty acid sources of their feed (Cronin et al.,, 1991;
Polvi and Ackman, 1992), and could possibly affect the rate of
peroxidation. Large variations in carotenoid content occur in the
flesh and color characteristics, between sexes and among indi-
viduals within sex in rainbow trout given the same feed (Ropke,
1988; Choubert et al. 1987; Blanc and Choubert, 1985). Differ-
ences also persist after cooking and smoke-curing processes
(Choubert et al., 1992). Longitudinal variation in salmonid ca-
rotenoid content and red color, the caudal part containing up to
30-40% more carotenoids, has been reported (No and Store-
bakken, 1991; Christiansen and Wallace, 1988). Also there is a
radial increase in pigmentation towards the backbone (Mc-
Callum et al.,, 1987). Therefore, whole fillets were used in our
experiments.

Our objective was to compare astaxanthin content, TBARS
and sensory attributes of fillets of rainbow trout given 3 different
levels of astaxanthin in the feed, during frozen storage in an
illuminated freezer cabinet or in darkness, packaged in 3 differ-
ent materials with different OTRs, in order to evaluate antioxi-
dant effectiveness of astaxanthin.

MATERIALS & METHODS
Feeding and rearing

Rainbow trout (Oncorhynchus mykiss Walbaum) with initial weight
130g, previously given a diet without astaxanthin supplementation, was
divided into 3 groups. They were given an extruded diet with a common
basic composition (Table 1) either not supplemented, or supplemented
with 20 or 70 mg astaxanthin/kg dry feed ingredients, in order to produce
three groups of rainbow trout with different contents of astaxanthin. As-
taxanthin (“ Carophyll Pink,” 8%; Hoffmann-La Roche, Basel, Switzer-
land) was added as stabilized water-dispersible gelatin beadlets. The
diets contained 8.1 (level 1), 28.1 (level 2) and 81.2 (level 3) mg astax-
anthin/kg. Astaxanthin content in the feeds was determined by the
method of Keller (1988). The three groups were fed these diets for 28
wk and reached a final weight of 900g. The trout were fanned by BP
Nutrition ARC. Lerang Research Station, Jorpeland, Norway. The ex-
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Table 1—Basic formulation of the feed
Ingredients (g/kg)

Fish meal (Norse LT-90)a 25.0
Fish meal (Norse Mink)3 32.0
NorSalmOQil3 154
Wheat, extruded 21.5
Vitamins, minerals,2

betaine concentrate3 6.1

a Norwegian Herring Meal and Oil Industries, Bergen, Norway.
b Proprietary formulation.
¢ FInnstim, Finnsurgar, Finland.

perimental design is summarized in Fig. 1 Two fish per treatment were
analyzed at each sampling event.

Packaging and storage

Thirty specimens from each of the three groups of rainbow trout were
filleted and deskinned. The head and tail were removed by cutting fillets
just in front of the anal fin and half-way between the head and the front
of the back fin. The right fillets from each fish were analyzed as soon
as possible after filleting. The left fillets were divided into two equal
sized pieces of about 1509 by a transversal cut and packaged separately.
One piece was for chemical analyses, the other for sensory evaluation.
The samples were packaged and frozen as quickly as possible the same
day the fish were slaughtered.

Three different packaging materials were used. All samples were
stored at -1 8°C in an illuminated freezer cabinet. The light source was
the ambient light from fluorescent lamps (TLD 58W/84, Philips) in a
hall used daily for fish processing. The samples were either wrapped in
polyethylene (PE) bags or vacuumed in PEA vacuum bags (polyethyl-
ene/polyamide, thickness 100 pm + 30 pm; oxygen transmission rate
(OTR) 15 cmV(m: X 24 h atm) at 23°C and 50% relative humidity). Air
was allowed to flow freely into the unsealed PE-bags, in order to avoid
oxygen-limitation. ldentical packaging materials were employed for the
frozen storage experiment (—18°C) in a dark cabinet, in addition to
groups vacuumed in air-tight, non-transparent aluminum-laminated vac-
uum bags (polyetylene-terphthalate/aluminum/polypropylene).

Analytical methods

Percentage dry matter of fillets in different packaging materials was
determined after dehydration at 105°C for 24 hr. Results were corrected
for weight losses observed during frozen storage. Total lipid content of
the fillets was determined after evaporation of the chloroform phase ac-
cording to the method of Bligh and Dyer (1959). Pooled samples of two
fish from each group were used. Final total fat content was 7.2 + 0.2
(% wiw).

Distribution of fatty acids

The distribution of fatty acids was determined by gas chromatography
(GC) of corresponding fatty acid methyl esters after alkaline hydrolysis
of total lipid samples. Fatty acid methyl esters were prepared with BF3
as catalyst. Samples were analyzed using a Shimadzu GC 14-A equipped
with a Shimadzu AOC 14 auto-injector and a flame ionization detector.
A DB-23 (50% (cyanopropyl)-methylpolysiloxane) fused silica column
(length 30 m, i.d. 0.25 mm; J&W Scientific, Folsom, CA) was employed
for chromatographic separation. Helium pressure was 1.2 kg/cm2and an
injector temperature of 230°C and a detector temperature of 280°C were
used. Initial oven temperature was 190°C (10 min) followed by an in-
crease of 3°C/min for 8 min. The chromatograms were processed with
Shimadzu Class LC 10 software and quantification was based on peak
area. The fatty acid distribution of total fat was determined as a mean
of two specimens from each diet treatment. No statistically significant
differences were observed. The distribution of fatty acids was (% of total
fatty acids (+SEM), mean of six fish): (14:0) 4.7 £ 0.3; (16:0) 15.7
+ 13; (18:0) 2.6 + 0.2; (16:1) 6.9 + 0.3; (18:1) 19.2 + 0.6; (20:1)
+ 13;(22:1) 79 + 10; (183, n - 3) 1.2 + 0.1; (184, n - 3)
+ 0.1; (20:3, n - 3) 0.12 = 0.01; (20:4,n - 3) 1.3 + 0.1; (20:5,
3) 0.30 £+ 0.01; (21:5,n - 3) 0.3 £ 0.3; (22:5,n - 3) 16 +
2; (22:6,n - 3 and 24:0) 132 + 1.1; (18:2, n - 6) 46 + 0.5; (20:
2,n- 6)031 = 0.02; (20:3, n - 6) 0.14 + 0.04; (20:4, n - 6) 0.44
+ 0.05; (22:5, n —6) 0.18 + 0.02 and others ca. 4.8.

8.4
15
n -
0.

LIGHT DARKNESS

-02 +02 -02 - 02

HP MP LP HP MP LP HP MP LP HP MP LP HP MP LP

T 2 2
T2 2 2
T 2 2

Fig. 1—Schematic of experimental design for packaging and il-
lumination treatments of the different dietary groups, and sam-
pling schedule. ++02 -0 2 and — O2designates low, medium
and high 02-barrier, respectively. HP, MP and LP designate high,
medium, and low pigmented trout fillets, respectively. T1—T3 in-
dicates 17, 29 and 36 wk storage time, respectively, before sam-

pling.

Carotenoids

Total carotenoid content in trout fillets was determined spectropho-
tometrically after extraction (2 X 50 mL) of the homogenized mince
(10g) with a mixer (Ystral, Dottingen; 30 sec). The extracts were com-
bined and centrifuged (10 min, 5000 rpm) and the volume adjusted to
100 mL with acetone. An aliquot was filtered through Whatman filter
paper (black band) and the absorption measured at 472 nm. The amount
of astaxanthin was determined by employing E,%, an= 1900. Duplicate
analyses were performed on all fillets, and results are presented as means
of two fish from each treatment. Carotenoid retention was calculated as
the percentage of total carotenoid in a stored fillet of one fish, divided
by the total carotenoid amount in the other fillet at the beginning of the
experiment.

2-Thiobarbituric acid reactive substances (TBARS)

TBARS were determined spectrophotometrically according to Vyncke
(1970). Accurately weighed samples (25g or less with high TBARS val-
ues) were extracted with a trichloroacetic acid (TCA) solution (7.5%
TCA in water added 0.1% propyl gallate and EDTA, respectively) with
a mixer (3 X 1min). An aliquot (5 mL) of the filtered extract was reacted
with a solution of TBA in 7.5% TCA (0.02M, 5 mL) in a sealed glass
vial in a boiling water bath for 40 min. After completion of the reaction,
samples were allowed to cool in cold water, and mixtures were centri-
fuged (5000 rpm, 10 min). The absorption was measured in a Beckman
Model 35 spectrophotometer at 538 nm, with a 1.1 mixture of TCA
extract and water as a reference. TBARS values were determined by
comparison with those obtained by reaction of known amounts of
1,1,3,3-tetraethoxypropane with TBA. Duplicate analyses were per-
formed on all fillets and TBARS are expressed in units mg of
malondialdehyde/kg.

Sensory evaluation

Informal sensory evaluation of storage stability was mainly deter-
mined as rancidity on both thawed and steamed samples. A descriptive
test (nine-graded scale) was used, with an in-house trained three-member
panel, all experienced to evaluate rancid taste and smell. Samples were
thawed at 4°C overnight, placed on a plate and evaluated. Samples were
re-coded, vacuum-packaged, steamed for 20 min and re-evaluated. The
evaluation scale was supplemented by comments when necessary.

Statistical analysis

Data were subjected to analysis of variance using a General Linear
Model (GLM) procedure of the Statistical Analysis System package
(SAS Institute, inc., 1992) to study the effects of light, packaging ma-
terial and pigment level on pigment retention and TBARS. Statistical
significance was indicated for P < 0.001 (***), 0.01 (**) and 0.05 (*).
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Comparisons between treatments were made by Tukey tests where ap-
propriate.

RESULTS

The initial total carotenoid content iNn the flesh of the
three groups (mean of 30 fish in each group) were 5.9 + 0.8,
82 + 14 and 14.8 £+ 2.5 mg/kg for the groups supplemented
with 8.1,28.1 and 81.2 mg astaxanthin/kg dry feed, respectively.
The astaxanthin levels in diets correlated significantly with the
total amounts of astaxanthin deposited in the muscle tissue
throughout the experiment (p < 0.001). The overall astaxanthin
retention for all groups combined was 92, 83 and 79%, after 17,
29 and 36 wk frozen storage, respectively. This was significantly
lower than the initial astaxanthin content. The initial TBARS
was 0.26 +0.11 mg malondialdehyde/kg. No statistically sig-
nificant difference in distribution of individual fatty acids was
observed during the experiment (results not shown).

Least-square means for TBARS (Table 2) and astaxanthin
retention (Table 3) were compared for different illuminations,
packaging material and dietary astaxanthin levels. Frozen stor-
age in light or packaging materials with high OTR resulted in
elevated TBARS with p < 0.001 throughout the experiment,
except for the illumination treatment after the shortest storage
period (p < 0.01). These treatments also tended to give lowest
astaxanthin retentions. The TBARS of the group with the high-
est dietary astaxanthin level did not reach its highest level until
29 wk of frozen storage, while the two lower pigmented groups
apparently had reached their highest levels after 17 wk frozen
storage. There was a tendency for a high dietary astaxanthin
level to give higher TBARS (p < 0.05), but only after 29 and
36 wk storage. Conversely, a tendency towards higher astax-
anthin retention for the lower dietary astaxanthin levels was only
significant (p < 0.05) after 17 wk frozen storage.

Least-square means of TBARS and astaxanthin retention were
compared for the different combinations of illumination, pack-
aging materials and dietary astaxanthin levels. There was a ten-
dency for higher dietary astaxanthin levels to result in higher
TBARS (results not presented). There was little consistency in
the influence of dietary astaxanthin level on astaxanthin reten-
tion, and considerable random variation within treatments.

Combination effects between packaging material and dietary
astaxanthin levels were significant (p < 0.05) for TBARS
throughout frozen storage. Combination effects between illu-
mination and packaging material, and illumination and dietary
astaxanthin level only were significant (p < 0.05) after 17 and
36 wk frozen storage. Combination effects between illumination
and dietary astaxanthin level, and packaging material and dietary
astaxanthin level were significant (p < 0.05) for astaxanthin
retention after 17 and 36 wk frozen storage. Packaging in vac-
uum bags in darkness reduced TBARS (p < 0.001) throughout
frozen storage, compared to storage in light and PE-bags. The
aluminum laminated bags gave the best protection against lipid
oxidation, and were significantly better than dark storage in vac-
uum bags only after the first storage period. Light treatment
seemed to accentuate TBARS production. Elevated astaxanthin
retention was observed for packaging materials with lower OTR,
increasing when stored in darkness.

In general, the fish were found by informal sensory test to be
more rancid when steamed than when raw. The packaging ma-
terial had a strong effect on rancid flavor development, the alu-
minum-laminated bags (lowest OTR) giving the best protection.
In addition, fillets stored in darkness generally received better
scores than those stored in light. However, no trend was ob-
served regarding the dietary astaxanthin level. The fillets stored
in either vacuum bags or aluminum-laminated bags in darkness
retained a highly acceptable quality throughout frozen storage,
while those wrapped in PE-bags were unacceptable by the end
of storage.

Table 2—Least-square means for development of TBARS (mg malonalde-
hyde/kg) for rainbow trout fillets treated with different illumination, pack-
aging materials, and dietary astaxanthin levelsd during frozen storage

Storage time (wk)

17 29 36
Illumination
1 2.29 3.68 2.79
2 289 208 150
Effe
Packaging
1 3.75a 4.17a 3.13a
2 1.43b 1.54b 1.67b
3 0.69b 0.40c 0.63b
Eff0 = ab («*), -
be (**)
Level
1 2.20a 3.46a 2.54a
2 3.03b 2.68b 1.71b
3 2.54a 2.51b 2.19
Effe *

dTreatment: llium. 1 = light, 2 = darkness and Packaging 1, 2 and 3 are the materials
with high, medium and low OTR, respectively, and Level 1, 2 and 3 are high, medium
and low levels of dietary astaxanthin respectively.

e Effect of treatment, levels of significance p < 0.05 (*), p < 0.01 {**), p < 0.001 (***).
Different letters within one column indicate significant differences between means in
a treatment.

Table 3—Least-square means for development of astaxanthin retention (%)
for rainbow trout fillets treated with different illumination, packaging ma-
terials, and dietary astaxanthin levelsO during frozen storage

Storage time (wk)

17 29 36
lllumination
1 88.1 79.0 74.6
2 88.2 87.3 76.2
EfN ns ns ns
Packaging
1 85.4a 81.6 72.0a
2 91.0a 84.7 78.9a
3 107.2b 83.3 94.7b
Effd ns
Level
83.4a 80.1 74.4
2 88.1a 81.6 73.6
3 95.0b 87.8 78.3
Effd ns ns

¢ Treatment: llium. 1 = light, 2 = darkness and Packaging 1, 2 and 3 are the materials
with high, medium and low OTR, respectively, and Level 1, 2 and 3 are high, medium
and low levels of dietary astaxanthin, respectively.

d Effect of treatment, levels of significance p < 0.05 (*), p < 0.01 (**), p < 0.001 (***)
and not significant (ns). Different letters within one column indicate significant differ-
ences between means in a treatment.

DISCUSSION

AsTAXANTHIN deposition n fillets correlated highly with die-
tary astaxanthin level (p < 0.0001). At this size (about 130 g)
rainbow trout has a rapidly increasing carotenoid deposition
(Bjerkeng et al., 1992), known to correlate with growth rate
(Torrissen et al., 1989; Bauvineau et al., 1993).

The fish fillets were stored at —18°C either in darkness or in
an illuminated freezer cabinet in order to simulate conditions in
the retail trade. The carotenoid loss rates we found were con-
siderably less than those reported by Chen et al. (1984) and Pozo
et al. (1988), although higher than those reported by No and
Storebakken (1991) for vacuum-packaged rainbow trout fillets
(skin on) stored in darkness. The relative stability of fatty acids
seems to confirm the results reported by Polvi et al. (1991).

According to Andersen and Steinsholt (1992), frozen storage
at decreasing temperatures between —13 and —35°C signifi-
cantly increased color retention. Temperature was the single
most important factor governing quality of Atlantic salmon flesh
during frozen storage. Our results clearly demonstrated that the
OTR of packaging materials, as well as illumination, affected
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the development of rancidity and frozen storage life of salmonid

fillets. This was also supported by informal sensory evaluation.

This was in agreement with the results of Hwang and Regenstein

(1988) showing the efficiency of vacuum-packaging in retarding
oxidative rancidity during frozen storage of menhaden mince.

The formation of TBARS was reduced (p < 0.0001) by pack-

aging in materials with low OTR’s, thus confirming earlier re-

ports (Chen et al., 1984; Christophersen et al., 1992). Reduced

formation of TBARS (p < 0.001) was observed in samples

stored darkness and confirmed results of Jorgensen and Skibsted

(1990) and Christophersen et al. (1991, 1992). Photodegradation
of carotenoids depends on light wavelength, lower wavelengths

resulting in more degradation (Jorgensen and Skibsted, 1990;

Sattar et al., 1977). Packaging materials with UV-light absorbers

or light-impermeable materials would therefore likely improve

surface color retention of illuminated foods containing carote-

noids.

Several researchers have presented evidence for a free radical
mechanism of autocatalytic photodegradation of carotenoids and
inhibition of photosensitized oxidation of PUFA by carotenoids
(Camevale et al., 1979; Frankel, 1991). Carotenoids are known
to influence production of flavor compounds in salmonids by
favoring formation of 2-keto-3,5-octadienes over 2,4-heptadien-
als during the decomposition of «-7-hydroperoxides of PUFA
(Josephson et al., 1991). Ingemansson et al. (1993), however,
did not find any effect of astaxanthin supplementation on lipid
stability to hydrolysis or oxidation. Their investigation com-
pared white flesh of two groups of rainbow trout containing only
13 and 19 mg astaxanthin/kg, respectively (low-pigmented
fish). The small difference in pigmentation between groups may
account for their result. Similarly, Sigurgisladottir et al. (1994)
found no antioxidant effect of astaxanthin on lipid stability or
taste/texture in Atlantic salmon. In our experiment, rainbow
trout fillets with highest astaxanthin level had less TBARS than
the other groups after 17 wk frozen storage. The TBARS in-
creased further until 29 wk, while the level in the two less-
pigmented groups seemed to have reached maximum levels of
TBARS after 17 wk frozen storage. This apparently conformed
to a typical development of TBARS from oxidation of PUFA
(Boyd et al., 1992). However, the differences in TBARS for trout
given different dietary astaxanthin levels were not as pronounced
as those reported by Andersen et al. (1990). They compared wild
Atlantic salmon and pen-reared rainbow trout, but indicated the
converse relationship. Intrinsic factors such as muscle vitamin E
content (Waagbo et al.. 1993), environmental acclimation (San-
ger, 1993) as well as species differences in muscle structure may
account for some differences in lipid stability.

Results for TBARS in illuminated fillets, especially those with
limited oxygen, show that the lowest pigmented fillets had a
more rapid increase in TBARS. This may be due to the singlet
oxygen quenching effects of astaxanthin, especially the inhibi-
tion of the initial nonradical photoperoxidation steps involving
singlet oxygen. There is also a concomitant delay of radical lipid
peroxidation, as discussed by Miki (1991) and Iliou et al.
(1992). Oxygen sensitivity of astaxanthin is also indicated by
the lower retentions given for the high-dietary astaxanthin
groups.

Turbot given high levels of oxidized fish oils in the diet had
elevated TBARS in the flesh and reduced levels of the antiox-
idant vitamins C and E in the liver (Obach and Baudin Lauren-
cin, 1992). This is probably true for salmonid species as well,
emphasizing the importance of high-quality oils (presently about
30% of most commercial fish feeds). Erickson (1993) has shown
that increasing TBARS and peroxides were accompanied by de-
creasing levels of a-tocopherol in the flesh mince of channel
catfish during frozen storage. Dietary vitamin E can increase
storage stability and sensory properties of fish fillets (Frigg et
al., 1990; Waagbo et al., 1993) by preventing lipid oxidation.
Our results suggest that astaxanthin may retard lipid peroxida-
tion, especially in fillets subjected to illumination or packaging

materials with high OTR. This confirms the early results of
Lewis et al. (1958) who reported slightly higher flavor scores
during frozen storage of turkeys given diets supplemented with
xanthophylls.

Packaging treatment (OTR) had significant effects on astax-
anthin retention. Light or initial astaxanthin level in the flesh
did not influence astaxanthin retention significantly. However,
note that the astaxanthin concentration v/as determined in whole
fillet homogenates, possibly obscuring the photocatalyzed pig-
ment loss occurring at the surface of the fillets (Christophersen
et ah, 1992).

CONCLUSIONS

Astaxanthin has useful antioxidative effects during frozen
storage of rainbow trout fillets, as well as production of desirable
coloration. Proper packaging and storage conditions are impor-
tant for lipid stability. Packaging materials that are good oxygen
barriers inhibited development of rancidity. Modified atmos-
phere packaging with low oxygen content should increase color
stability of frozen salmonid flesh. Prolonged exposure of salm-
onid flesh to illumination should be avoided due to the catalytic
effect on lipid deterioration.
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Cooked Blue Crab Claw Meat Aroma Compared with Lump
Meat

H.Y. CHUNG, F. CHEN, and K.R. CADWALLADER

ABSTRACT

Sensory evaluation of claw and lump crabmeats by sniffing indicated no
aroma difference (p > 0.05); however, differences (p < 0.05) were
found between the taste and aromatics of aqueous extracts of both meats.
Eleven aroma notes (combined total) were found in the meats by aroma
extract dilution analysis (AEDA). Flavor dilution factors for compounds
common to both meats were not statistically different (p > 0.05). Aroma
notes found to have highest intensity in both meats were: meaty/salty/
soy sauce [3-(methylthio)-propanal], sweet/fruity, metallic/rubber/gaso-
line, nutty/popcom [2-acetyl-l-pyrroline], nutty/popcom, pine/sweet/
hay/dry seaweed, and mushroom/solvent.

Key Words: blue crab, lump meat, claw meat, crab aroma

INTRODUCTION

Many crab processors COOK live crabs the day before meat-
picking allowing them to cool overnight. After picking, crab-
meat is generally divided according to the anatomical region
from which it originates, e.g., claw, body (lump) and white
meats. Crab connoisseurs claim that the flavor of meat from
various parts of the crab is different, yet little scientific evidence
supports this claim.

Volatile components in cooked crabmeat have been studied
by several investigators (Rayner et ah, 1981; Hsieh et al., 1989;
Flament, 1990; Matiella and Hsieh, 1990; Chung and Cadwal-
lader, 1993). Hayashi et al. (1981) prepared a satisfactory
synthetic extract of boiled snow crab meat from 12 synthetic
chemicals based on results from triangle difference tests (Jelli-
nek, 1985).

Aroma extract dilution analysis (AEDA) has been used
widely in screening important aromas in an extract (Schieberle
and Grosch, 1987; Gasser and Grosch, 1988; Blank et al., 1992).
The aroma intensity unit is usually expressed as the flavor di-
lution (FD)-factor. This is defined as the ratio of the concentra-
tion of a compound in the initial extract to that in the most
diluted extract in which the odor was detected by gas chroma-
tography/olfactometry (GC/O) (Blank and Grosch, 1991). Our
objective was to determine whether the flavor of lump and claw
meats of blue crab differ as evaluated by sensory evaluation and
AEDA.

MATERIALS & METHODS

Materials

Cooked blue crab claw and lump meats were purchased three separate
times between August and September 1993 from a local seafood retail
outlet in Baton Rouge, La. Meats were transported on ice to the LSU
Dept, of Food Science and stored at 4°C until analyzed (less than 5 hr).
All standard flavor compounds were purchased from Aldrich Chemical
Co. (Milwaukee, WI), except 2-acetyl-I-pyrroline (2-AP) obtained from
Dr. R. Buttery (USDA. ARS, WRRC, New Albany, CA).

Authors Chung and Chen are with the Dept, of Food Science,
Louisiana Agricultural Experiment Station, LSU Agricultural Cen-
ter, Baton Rouge, LA 70803-4200. Author Dr. Cadwallader is with
the Dept, of Food Science & Technology, Mississippi State Univ.,
Box 9805, Mississippi State, MS 39762. Address inquiries to Dr.
K.R. Cadwallader.

Sensory evaluation of crab meats

To determine possible flavor differences between crab claw and lump
meats, two sensory evaluation experiments were carried out. Preliminary
experiments suggested that warm crabmeat was preferred by the sensory
panel over refrigerated or cold crabmeat when aroma quality was eval-
uated. Subsequent experiments utilized warm (=75°C) samples. Fur-
thermore, due to the distinct texture and color differences between the
two crabmeats, panelists could distinguish samples even under red light
or blindfolded. Therefore, experiments were carried out such that the
effects of both qualities were eliminated or minimized. In this, aqueous
crabmeat extracts were prepared to eliminate texture differences, and
sample tubes were covered with aluminum foil to mask color differences.
The sensory panel consisted of seven to 10 volunteers of faculty and
students within the LSU Dept, of Food Science. AH panelists had prior
sensory evaluation experience. Evaluations v/ere conducted on meats
purchased from the same seafood outlet on the same day.

Meat evaluation

Each portion (=5g) of claw or lump meat was individually wrapped
in aluminum foil, vacuum-packaged in a plastic bag (=5 cm X 7 cm)
and randomly numbered. All samples were cooled on ice during prep-
aration and were evaluated within 24 hrs. During each session, four
triangle difference tests, consisting of two sets of duplicate samples, were
performed by panelists. Samples were warmed in a water bath (=75°C)
for 10-15 min before random distribution to panelists. Evaluation was
performed in a temperature-regulated (23°C) room under red light to
mask possible bias from package or sample color. Panelists were asked
to massage each sample with their fingers to simulate chewing before
cutting open the package and evaluating its aroma.

Extract evaluation

Samples of each crabmeat (300g) plus 500 mL water were homoge-
nized using a mixer (Cat. no. DIM24, General Electric, Bridgeport, CT)
at low speed for 10 min in a stainless steel mixing bowl. Aqueous extract
was obtained by filtering the homogenate through three layers of cheese
cloth. Extract was further clarified by centrifugation at 3500 rpm (2000
X g) for 15 min using a RC5C Sorvall centrifuge (Ivan Sorvall, Inc.,
Norwalk, CT). Aqueous extract (200 mL) was transferred to a =240 mL
glass jar and tightly capped. Contents were then pasteurized (Tintid =
21°C, Tfim = 96°C) by immersing the jar (water level above contents)
for 15 min in a boiling waterbath (100°C) before transferring to culture
tubes (7 mL/tube). Each tube was sealed with plastic wrap and the bot-
tom half covered with aluminum foil to minimize bias from any color
differences. Testing conditions were previously described. Panelists were
instructed to place the entire contents of each tube into the mouth and
evaluate taste. In order to eliminate the perception of the aromatics,
panelists were instructed to pinch their nose and inhale and exhale using
the mouth only. Water was provided to panelists for mouth rinsing after
each evaluation.

Additional experiments were carried out to determine whether such
aqueous extracts affected perception of aromatics by instructing the
panel to place the sample in the mouth, hold it for 3 s, and exhale slowly
through the nose (Jellinek, 1985). Data from all sensory evaluations were
analyzed statistically (Roessler et al,, 1978).

Extraction of water-soluble flavor components

A sample of 200g crabmeat was ground manually in a 2-L glass
beaker using a pestle. Distilled water (200 mL) was added to facilitate
extraction of water-soluble flavor components. The aqueous extract was
recovered by pressing and filtering the mixture through three layers of
cheese cloth into a 200-mL volumetric flask. The extract was further
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Table 1—Results of triangle difference tests on blue crab claw and lump meats and their respective aqueous extracts

Type of Sample
Evaluation form panelists
Aroma

trial 1 meat 8

trial 2 meat 9
Taste

trial 1 extract 7

trial 2 extract 10
Aromatics

trial 1 extract 7

trial 2 extract 10

a Number of tests per panelist

tests3

No. of Judgements

Level

Total Correct testedb
4 32 10 0.05 (->c
4 36 16 0.05 (-)
4 28 15 0.05 (+)
4 40 30 0.001 (+)
4 28 15 0.05 (+)
4 40 22 0.05 (+)

b Level of probability tested. Data were analyzed using table of significance in triangle testing of Roessler et al. (1978)

¢ (-} = not significantly different, {+) = significantly different

clarified by centrifugation at 3500 rpm (2000 X g) for 10 min and with
10 mL hexane to remove any oily pigment. Liquid supernatant was trans-
ferred into a 500-mL separatory funnel and extracted with a total of 200
mL (10 X 20 mL) of 10% methanol in dichloromethanc. The volume
of solvent extract was reduced to 5 mL under a gentle stream of nitrogen,
dried over 12-g anhydrous sodium sulfate, and further reduced to 0.4
mL.

Gas chromatography/mass spectrometry and flame ionization
detection/olfactometry (GC/MS-FID/O)

The GC/MS system consisted of an HP 5790A GC equipped with
flame ionization detector (FID) and an HP 5970B mass selective detector
(MSD) (Hewlett-Packard Co., Palo Alto, CA). Five pL of each extract
was injected (splitless mode; 200°C injector; 1 min valve delay) simul-
taneously into dual (closely matched) fused silica open tubular (FSOT)
columns (Supelcowax 10, 60 m length X 0.25 mm i.d. X 0.25 pm film
thickness; Supelco, Inc., Bellefonte, PA). Injector effluent, after passing
through a FSOT precolumn (Im length X 0.25 mm i.d. X 0.25 pm film
thickness), was split 1:1 to each column using a glass Y-splitter. Column
A was connected to the MSD. while the end of column B was split 1.1
to an FID and sniffing port supplied with humidified air. FID was 250°C
and sniffing port transfer line was 200°C. Helium was carrier gas at a
linear velocity of 25 cm/s. It was necessary to partially restrict the flow
between column A and MSD (using ®»Im length X 0.1 mm i.d. FSOT
column) in order to achieve the same linear velocity for both columns.
Oven temperature was programmed from 40 to 195°C at 2.0°C/min with
initial hold of 5 min and final hold of 40 min. MSD conditions were as
follows: capillary direct MS interface temperature, 200°C; ion source tem-
perature, 200°C; ionization voltage, 70 eV; mass range, 33-290 a.m.u.;
scan rate, 1.67 scans/sec; and electron multiplier voltage, 1800 V.

Aroma extract dilutions

Serial dilutions were made from the 0.4 mL concentrated extracts in
the ratio of 11 using dichloromethane as diluent. Each dilution was
transferred to a new 2-mL amber vial equipped with a teflon-lined screw
cap. Diluted solutions were stored at -80°C until analyzed.

Gas chromatography/olfactomctry (GC/O)

The GC/O system consisted of an HP 5790 GC (Hewlett-Packard Co.,
Palo Alto, CA) equipped with a FSOT column (Supelcowax 10; 60 m
X 0.32 mm id. X 0.25 pm film thickness; Supelco, Inc., Bellefonte,
PA), an FID, and a sniffing port. GC conditions were as described except
that oven temperature was programmed from 40°C to 195°C at 5°C/min
with initial hold 5 min and final told 40 min. GC/O was performed by
two panelists familiar with crab flavor and the olfactometry technique.
Each sample was replicated three times.

The average FD-factor of each flavor note was calculated by the ar-
ithmetic mean (N) of the log, (FD-factor). (N) was readily converted
back to FD-factor by: FD-factor = 2N Means were analyzed for statis-
tical differences by a two-tailed t-test using SigmaPlot™ software (v.
4.0; Jandel Scientific, Corte Madera, CA.). Differences were considered
significant when means of compared sets differed at p < 0.05.

Compound identification

Identifications were based on comparison of GC retention indices (RI)
(van den Dool and Kratz, 1963), mass spectra, and aroma properties of
unknowns with those of authentic standard compounds analyzed under
identical experimental conditions

RESULTS & DISCUSSION
Aroma and taste of claw and lump crabmeats

Sensory evaluation results (Table 1) indicated no differences
(p > 0.05) between aromas of claw and lump crabmeats (meat
experiment). However, when aqueous extracts of each meat were
presented to panelists for tasting while blocking their nose most
could detect the odd sample, i.e., the tastes were different (p <
0.05). This suggests that aroma alone was not sufficient to dif-
ferentiate between the two meats. However, it is not clear whether
the difference detected in the extracts was due to taste sensation
alone, since evaluation of aromatics of aqueous extracts of the
two meats showed the extracts were different (p < 0.05).

Farragut (1964) determined the proximate composition of
blue crab in the Chesapeake Bay over a 1-yr period. During the

Table 2—O0Odorants detected in extracts of blue crab claw and lump meats by aroma extract dilution analysis

No. Aroma description RI/RT3 Claw

1 fishy/ammonia (4.8 min) _d
2 mushroom/solvent (7.4 min) 3.00
3 creamy/sour (9.4 min) -
4 alkaline/rancid meal/yolk 1008 0.67
5 nutty/popcorn 1336 3.67
6 metallic/rubber/gasoline 1372 3.67
7 rice/popcorn 1414 -

8 meaty/salty/soy sauce 1455 5.00
9 pine/sweet/hay/dry seaweed 1724 2.80

10 nutty/popcorn 1766 3.00

n sweet/fruity 2046 4.17

Average
Log2 (FD-factor)b
%CVC Lump %CV Compound
- 0.50 115 trimethylamine
62 2.50 83 unknown
- 0.50 115 2,3-butanedione
87 167 124 pyrrolidine
37 3.33 7 2-acetyl-1-pyrroline
75 4.33 24 unknown
- 1.50 115 unknown
57 7.33 7 3-(methylthio)-propanal
30 3.17 42 unknown
52 3.33 90 unknown
28 4.83 36 unknown

3Rl = retention index; RT = retention time. Numbers in parentheses represent average retention times.

bAverages for claw and lump meats were not statistically different (p>0.05) by t-test.
c%CV = percent coefficient of variation (n = 6).
d Odorant below detection limit.
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months of August and September, the body meat had 15.6%
protein, 81.65% moisture, 1.05% oil and 1.57% ash on a wet-
weight basis, while the claw meat had 15.5%, 82.4%, 1.0%, and
1.68%, respectively. The proximate compositions of the two
types of meat were not notably different. However, regarding
specific chemical components, differences between lump and
claw meats may be considerable. George and Gopakumar (1987)
compared the biochemical composition of claw and body meats
of sand crab (Scylla serrata) and detected major differences in
concentrations of glycogen, phosphorus, pentose, salt, protein,
and amino acids. Body meat contained higher concentrations of
glycogen, phosphorus, potassium, sarcoplasmic protein, and gly-
cine, alanine, and aspartic acid. Claw meat contained more pen-
tose, sodium, and amino acids such as valine, methionine, etc.
Slight differences in composition would be expected for the two
types of blue crabmeats. In addition to the noticeable taste dif-
ference, both meats had distinct texture and color differences.
Wasserman and Talley (1968) discussed the influence of texture,
color, and preparation of meat on olfactory recognition. There-
fore, we took precautions to minimize or obscure the texture
and color differences during sensory evaluation.

Additional experiments with panelists holding the extract a
short time in the mouth and exhaling headspace from the nose
(extract experiment) had surprising results. Panelists could dis-
tinguish differences (P < 0.05) based on the aromatics of the
two extracts. Apparently, this contradicted results obtained in
the meat experiment. During breathing, inhaled air generally by-
passes the regio olfactoria at the top inside of the nose where
odor is sensed (Jellinek, 1985). When extracts of both meats
were used, the odorant might be more readily released from the
matrix in the mouth and create a more concentrated headspace
of odorants. This, coupled with the exhaling action, enabled the
concentrated mass of odorants, to pass the regio olfactoria for a
more intense sensation. Furthermore, it is possible that redistri-
bution or differential adsorption of volatiles occurred in the
mouth and nasal passageway resulting in aromatics of the two
samples being perceived as different (Moncrieff, 1955; Mozell,
1970).

Results of aroma evaluation were confirmed by AEDA re-
sults. The Log2 (FD-factor) profiles of the two types of crabmeat
were similar (Table 2). Eight characteristic aroma notes were
detected in claw and 11 in the lump crabmeats. A salty/meaty/
soy sauce-like note (No. 8) was the most intense aroma in both
meats followed by a sweet/ffuity note (No. 11), a metallic/
rubber/gasoline-like note (No. 6), and two nutty/popcom-like
notes (No. 5 and 10). In general, intensities of aroma notes com-
mon to both meats were higher in the lump crabmeat. The major
difference in aroma sensation might be largely due to the 3
odorants in lump meat with fishy/ammonia-like (No. 1), creamy/
sour (No. 3), and rice/popcom-like (No. 7) notes. These low-
intensity notes might also be the cause of insensitivity by
panelists in the meat experiment but not in the latter part of the
extract experiment.

Odorous compounds from aroma extract dilution analysis
(AEDA)

Whitfield et al. (1988) detected an iodoform-like off-flavor in
some Australian Crustacea and identified 2,6-dibromophenol as
the source. This compound also was reported in marine algae
and bryozoa on which the Crustacea feed. Boyle et al. (1992)
identified a group of bromophenols in saltwater Pacific salmon
as well as other seafoods. However, they reported that the sea-,
brine-, iodine-like flavor notes were desirable and associated
with saltwater fish and seafoods. They further reported detecting
such compounds in high concentrations in blue crab. However,
in our experiment, those compounds were not detected.

The compound with the highest average Log2 (FD-factor)
value was described as having a salty, meaty, soy sauce-like
note (no. 8) in both types of crabmeat and was identified as 3-

(methylthio)-propanal (Table 2). This compound had a very low
odor threshold (0.2 ppb, Guadagni et al., 1972) and may be
formed via Strecker degradation from methionine (Morton et al.,
1960).

Another interesting note was described as having a sweet/
fruity (no. 11) aroma and eluted very late during GC/O. This
note, along with no. 5 and 6, had high FD-factors. Note no. 6
had a metallic/rubber/gasoline-like aroma. Under our chromat-
ographic conditions, this note had an undesirable aroma. Nev-
ertheless, it could be diminished or masked by the other, more
desirable notes such as notes no. 8 and 11. Metallic and fishy
odorants have been reported in oxidized butterfat by some re-
searchers (Peers and Swoboda, 1977; Swoboda and Peers,
1977). Their investigations with a model system led them to
conclude that both l-octen-3-one and I-octa-c/.v-5-dien-3-one
were responsible for metallic odor. In high concentrations, only
|-octen-3-one exhibits a metallic aroma; however, 1-octa-m-5-
dien-3-one produces this aroma at concentrations as low as 1to
102 dilutions. Since our study involved cooked crabmeat, ther-
mally generated compounds were expected to contribute to crab
aroma. The compound 2-acetyl-1-pyrroline (no. 5) was identi-
fied as imparting a nutty/popcom-like note to the sample. But-
tery et al. (1983) identified this compound in aromatic rice, and
its odor threshold was reported to be 0.1 ppb.

We were uncertain why trimethylamine (TMA) was detected
only in lump meat and its intensity was among the lowest. Jo-
sephson and Lindsay (1986) reported that TMA was an impor-
tant contributor to overall boiled crab-type aromas of fresh crab.
Chung and Cadwallader (1993) compared the volatile com-
pounds of blue claw meat and its processing byproduct in which
the average concentrations of TMA were 230 and 174 ng/g,
respectively.

Pyrrolidine (no. 4) was among the weakest aroma notes de-
tected in both meats. This compound could have been thermally
produced through Strecker degradation of proline or by bacteria
(Allison and MacFarlane, 1989; Griffith and Hammond, 1989).
Another thermally generated compound was 2,3-butanedione
(no. 3), which was described as creamy and sour. Like TMA,
this compound was identified only from the lump meat.

CONCLUSIONS

Differences in the flavor of claw and lump crabmeat were
confirmed. This could be attributed to both volatile components
and taste-active components. This was supported by the dissim-
ilarity detected in the number of odorants found in the two crab-
meat samples by AEDA. However, Log2 (FD-factors) for aroma
notes common to both meats were similar.

REFERENCES

Allison, C. and MacFarlane, G.T. 1989. Influence of pH, nutrient availability,
and growth rate on amine production by Bacteroides fragilis and Clostrid-
ium perfringens. Appl. Environ. Microbiol. 55: 2894-2898.

Blank, I. and Grosch, W. 1991. Evaluation of potent odorants in dill seed
and dill herb (Anethum Graveolens L.) by aroma extract dilution analysis.
J. Food Sci. 56: 63—67.

Blank, 1., Sen, A., and Grosch, W. 1992. Potent odorants of the roasted pow-
der and brew of Arabica coffee. Z. Lebesm. Unters. Forsch. 195: 239-245.

Boyle, J.L., Lindsa¥, R.C., and Stuiber, D.A. 1992. Bromophenol distribution
in salmon and selected seafoods of fresh- and saltwater origin. J. Food Sci.
57' 918-922.

Buttery, R.G., Ling, L.C., Juliano, B.O., and Turnbaugh, J.G. 1983. Cooked
rice aroma and 2-acetyl-l-pyrroline. J. Agric. Food Chem. 31: 823-826.
Chung, H.Y. and Cadwallader, K.C. 1993. Volatile components in blue crab
iCallinectes sapidus) meat and processing by-product. J. Food Sci. 58:

1203-1207, 1211.

Farragut, R.N. 1964. Proximate composition of Chesapeake Bay blue crab
(Callinetes sapidus). J. Food Sci. 30: 538544,

Flament, I. 1990. Analysis of boiled crab meat flavour: identification of new
alcoholic constituents. Lebensm.-Wiss. u.-Technol. 23: 274—275.

Gasser, U. and Grosch, W. 1988. Identification of volatile flavour compounds
with high aroma values from cooked beef. Z. Lebensm. Unters. Forsch.
186: 489-494.

George, C. and Gopakumar, K. 1987. Biochemical studies on crab Scylla
Serrata. Fishery Technol. 24: 57-61.

Griffith, R. and Hammond, E.G. 1989. Generation of Swiss cheese flavor
components by the reaction of amino acids with carbonyl compounds. J.

Dairy Sci. 72: 664-613. —Continued on page 299

Volume 60, No. 2, 1995—JOURNAL OF FOOD SCIENCE—291



Surimi-Based Imitation Crab Characteristics Affected by
Heating Method and End Point Temperature

JULIA ALBERTINE BERTAK and CAROL KARAHADIAN

ABSTRACT

Sensory panel scores and Instron compression tests indicated baked and
microwaved imitation crab legs were softer (P < 0.05) than unheated
controls. Sensory scores further indicated that baked samples were softer
(P < 0.05) and less chewy than microwaved samples. End point tem-
perature to which samples were heated (71°C and 93°C) had no effect
on results. No differences in moisture content were found among sam-
ples, but heated samples were lower (P < 0.05) in expressible moisture
than unheated controls. Heating may have caused free water to rebind
with starches in the product, thus decreasing expressible moisture, which
contributed to decreases in firmness and chewiness.

Key Words: imitation crab, texture, flavor, heating effects

INTRODUCTION

Surimi, deboned fish which has been washed repeatedly and
mixed with cryoprotectants to prevent protein dénaturation dur-
ing frozen storage (Lee, 1984; Lanier, 1986), has excellent tex-
1984:

Its high concentration of myofibrillar protein enables the

turizing,
1986).

gelling, and binding properties (Lee, Lanier,
product to gel upon heating to produce a chewy, elastic texture
(Lee, 1986; 1986; 1985).

makes surimi ideal for fabricating new food items which require

Lanier, Shimizu, This characteristic
specific textural attributes, such as simulated shellfish. The most
popular such product from surimi is imitation crab meat (Von-
1985; 1987).

Throughout production, processing temperatures are impor-

druska, Anonymous,

tant in development of gel structure and resulting textural char-

acteristics of imitation crab. Finished product is strongly

influenced by cooking temperature and length of time heat is

applied during processing (Lee, 1984; Wu et al., 1985a, b, c;
Douglas-Schwarz and Lee, 1988; Montejano et al.,, 1984). Ex-
cessive heating produces a tough, rubbery analog (Lee, 1986)
which becomes increasingly firm, opaque, and brittle as heating

continues (Lanier et al.,, 1982).

undesirable soft texture (Lee,

Inadequate cooking results in an
1984).

about effects additional heat processing in the home may have

However, little is known
on physical properties of products such as imitation crab.

Although imitation crab is designed to be served cold, con-
sumers may substitute it in recipes which require further heating.
Although much research has been reported on the effects of heat
on surimi during production of the analog, data are lacking on
effects of further heating on physical characteristics of imitation
crab analogs. Our objective was to determine the effects of bak-
ing and microwave heating to end point temperatures of 71°C
and 93°C on

crab compared to unheated controls.

physical and sensory characteristics of imitation

MATERIALS & METHODS
Production and sample preparation of imitation crab
Grade A Alaskan pollack (Theragra chalcogramma) surimi (Great

Land Seafoods, Kodiak. AK). containing 8% sorbitol and 0.3% phos-
phate as a 50/50 blend of sodium tripolyphosphate and tetrasodium py-

Authors Bertak and Karahadian were formerly with the Dept, of
Nutrition & Food Science, Univ. of Maryland, College Park, MD
20742. Author Bertak Is now with Ballandet Univ., Washington,
DC. Author Karahadian is with Firmenich, Inc., Princeton, NJ.

Table 1—Procedures for heating imitation crab samples to end-point tem-
peratures of 71°C and 93°C by baking and microwave heating

Heating Method Directions

Unheated control Product allowed to equilibrate to room

temperature prior to testing.

21 7t min at 177°C;
Rotate dish 180° at 11 min;
Cool to room temperature.

34 min at 177°C;
no rotation;
Cool to room temperature.

Baked to 71°C

Baked to 93°C

Microwaved to 71°C 4 min @ 70% power;
3 min standing time;
4 min @ 70% power;
3 min standing time;

Cool to room temperature.

Microwaved to 93°C 6 min @ 70% power;
2 min standing time;
57. min @ 70% power;
2 min standing time;

Cool to room temperature.

rophosphate, was used to produce leg style imitation crab. The sample
was commercially produced (UniSea Foods. Inc., Redmond. WA) using
standard production techniques and a formula developed at the Univ. of
Maryland (College Park, MD). In addition to surimi (57.2%), ingredients
included potato starch (1.05%, Nonpariel Corp., Blackfoot, ID), wheat
starch (1.05%, Aytex P, Ogilvie Mills, Inc., Minnetonka, MN), modified
cornstarch (3.16%, Purity W, hydroxypropyl di-starch phosphate, Na-
tional Starch and Chemical Corp., Bridgewater, NJ). liquid egg white
(10.0%), salt (1.32%, Morton International, Chicago. IL), natural and
artificial crab flavors (1.0%, T. Hasegawa, Cerritos, CA). chilled water
(25.2%), monosodium glutamate (0.028%, Ajinomoto Co., Inc., Tea-
neck, NJ), and inosine 5>monopiosphate (0.002%, Ajinomoto Co., Inc.,
Teaneck, NJ) based on total formula weight. The product was frozen at
-24°C immediately after production and transported at -20 + 1°C by
surface transportation to the University of Maryland, where it was im-
mediately placed in frozen storage and maintained at -20 + 2°C until
further heat treatment.

Imitation crab legs were chosen randomly from frozen storage, de-
frosted overnight at refrigeration temperature (2 + 2°C), cut in half, and
divided into five treatment groups. They were: baked to 71°C (Baked
71), baked to 93°C (Baked 93), microwaved to 71°C (Microwaved 71),
microwaved to 93°C (Microwaved 93), and an unheated control. End
point temperatures were chosen to simulate in-home heat processing con-
ditions. Each half-leg sample weighed * 18 g and was about 2.0 cm in
diameter. Some variations in leg diameters were observed after heating.
Surface areas of baked samples showed a mean variation of 2.1%
whereas microwaved samples varied by 2.5%. Unheated controls were
kept refrigerated while treated samples were heated then equilibrated to
room temperature (21°C = 2°C) prior to testing.

Baked samples were preparec by arranging 34 half-legs of imitation
crab on a wire rack set into a 23 cm X 33 cm X 5 cm Pyrex (Coming
Glass Works, Coming, NY) bak ng dish to which 250 mL boiling water
was added. Microwaved samples were prepared by placing 34 half-legs
of imitation crab in 25 cm X 25 cm X 5 c¢m baking dishes (Coming
Glass Works). Each sample dish was covered with foil (baked samples)
or plastic wrap (microwaved samples) and punctured near each end to
allow steam to escape during heating. Baked samples were heated in a
conventional oven (Model KC535ADH, White Westinghouse Corpora-
tion, Pittsburgh, PA) preheated to 177°C. Microwaved samples were
heated on the turntable of a conventional microwave oven (Sharp, Model
R-5A52; Sharp Electronic Corp., Mahwah, NJ). After heating, all sam-
ples were cooled to room temperature (21°C = 2°C) prior to testing.
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End point temperatures of 71°C or 93°C ( 3°C) were achieved using
methods established during pretesting (Table 1) with a Fluke digital ther-
mometer and recorder (scanner Model 2300A, digital thermometer
Mocel 2190A; John Fluke Manufacturing Co. Inc., Everett, WA). Six
thermocouples were calibrated prior to testing using ice and boiling wa-
ter. For baked samples, thermocouples were randomly placed through
the top of selected legs and remained in those positions for continuous
temperature monitoring throughout heating. For microwaved treatments,
thermocouples were randomly placed in selected legs immediately after
heating to monitor final temperatures. Final end point temperatures were
recorded upon standing 2-3 min after removal from the microwave (Ta-
ble 1). Repeated testing of the methods (Table 1) consistently resulted
in temperatures of 71°C and 93°C (£3°C).

Physical analysis

Center sections of heated and unheated samples equilibrated to room
temperature were cut into 2-cm lengths using a custom made cutting box
and placed in an upright position on the platform of an Instron Universal
Testing Machine (Model A1026C; Instron Corp., Canton, MA). Com-
pression to 90% deformation was achieved using a 50 kg load cell and
a 3.5 cm diameter compression test cell. Crosshead and chart speeds
were maintained at 5 cm/min, and one complete downward and upward
cycle of the Instron was performed on each sample. Two replications of
five samples from each treatment were conducted. Fracturability (kg) and
hardness (kg) were measured following the methods of Bourne (1978).
Fracturability of imitation crab was defined as the force measured at the
first peak of the Instron curve (Fig. 1). The force at this point is com-
monly used to measure fracturability.

Expressible moisture was determined using Instron conditions de-
scribed. Two-cm samples were compressed to 90% deformation on pre-
viously dried and weighed Whatman #1 filter paper. Wet filter paper was
reweighed, and moisture expressed was reported as a percent moisture
content of the sample. Two replications of five samples from each treat-
ment were tested.

Hunter values were determined on both interior and exterior surfaces
of samples using a Pacific Scientific colorimeter (Gardner Neotec, Silver
Spring, MD) equipped with a Spectrogard Color System and Spectrogard
Color System Version 11 software. Illuminant C with a 10° standard
observer was utilized, and the instrument was calibrated with black and
white calibration standards supplied with the instrument. Exterior meas-
ures were made by manually pressing two samples side-by-side against
the 22 mm diameter light aperture. For interior surface measures, leg
samples were unrolled, folded four layers thick, and manually pressed
against the light aperture. Two replications of three samples from each
treatment were performed. Using Hunter L, a, and b values, whiteness
index was calculated using the method which Gates and Parker (1992)
used to evaluate whiteness of blue crab.

Chemical analysis

Two replications of duplicate samples from each treatment were an-
alyzed for lipid, protein, and ash contents. Total lipid content was de-
termined by the method of Bligh and Dyer (1959). Lipids were extracted
using a chloroform/methanol solvent system. Extracts were dried at 45°C
using a vacuum evaporator (Rotovapor Model RE-111; Buchi, Flawil,
Switzerland). Protein was analyzed using the Kjeldahl method (AOAC,
1980). Quantification of nitrogen was determined automatically using a
Buchi distillation and titration system (Buchi, Flawil, Switzerland). Pro-
tein values were determined by N(g) X 6.25 (AOAC, 1980). Ash was
determined using the AOAC muffle furnace method (AOAC, 1980). De-
hydrated imitation crab (=2g) were heated in a muffle furnace (Lind-
berg. Model 51894, Watertown, WI) at 600°C for a minimum of 2 hr.
Percent ash was calculated with adjustments to account for hydrated
samples. Moisture content was determined using the AOAC (1980) vac-
uum oven method. Two replications of three samples from each treat-
ment were dried at 77 mm Hg in a vacuum oven for 5 hr at 100°C.
Carbohydrate was calculated by difference.

Sample pH was measured at room temperature (~23°C) on two rep-
lications of duplicate samples from each treatment using a Corning pH
meter (Model M 103; Coming Medical and Scientific, Essex, England).
pH values were determined using a method established for grading sur-
imi quality (Lee, 1984; Lanier, 1992).

Sensory analysis

Sensory analysis was conducted in the sensory testing laboratory by
13-30 students, faculty, and staff for each of 10 panels. Training pro-

>

10—
9

7 —
6 —
5 -

FORCE

3
2 =

14\

o 30
TIME (seconds)

Fig. 1—Typical Instron compression curves of unheated (A = un-
heated control) and heated (B = baked 71) imitation crab legs.
Points of fracturability (kg) for each curve are identified with an
arrow. Hardness (kg) was determined by measuring height of the
largest peak after 90% deformation of each sample.

cedures for panel members generally followed those described by
Meilgaard et al. (1991). Prior to sample testing, panelists were familiar-
ized with attribute descriptions, anchor points and instructions relating
to completion of descriptive ballots. Pretests were undertaken with se-
lected samples of imitation crab to familiarize panelists with test samples
as well as the measurement procedures.

Seated in individual booths lighted with standard fluorescent lighting
(410 lux), each panelist received three half-leg samples of imitation crab
which were served in covered glass petri dishes coded with random 3-
digit numbers. A ballot consisting of unmarked 7-point linear scales for
each attribute (Stone et al., 1974; 1980), room temperature water, and
unsalted crackers were also provided. Panelists were allowed to evaluate
the three samples in any order. Panelists evaluated each sample for chew-
iness/rubberiness, firmness, and color intensity. Firmness was defined as
amount of force required to bite through the sample, and chewiness/
rubberiness was defined as amount of work or effort the panelist had to
exert in chewing to prepare the sample for swallowing. These definitions
were adaptations of Szczesniak’s textural definitions developed for use
in sensory analysis (Szczesniak, 1963; Szczesniak et al., 1963). Color
intensity was defined as visual perception of sample whiteness. A bal-
anced incomplete block design was used for sample presentation to en-
able each of the 5 treatments to be tested with every other treatment at
least once during the testing period (O’Mahony, 1986).

Statistical analysis

Two-way analysis of variance (ANOVA), analysis of covariance (AN-
COVA) with interaction, and ANCOVA without interaction were applied
to analyze data (Snedecor and Cochran, 1969; O’Mahony, 1986) using
the GLM procedure (SAS Institute, Inc., 1985). F-ratios were used to
determine significant differences at P < 0.05. Planned contrasts of inter-
est were made between least square means of the unheated control and
each of the four heat treated samples, between the 2 heating methods
(baked and microwave heated), and between the two end point temper-
atures (71°C and 93°C). Data from Instron measures of texture, moisture,
expressible moisture, and colorimeter measures were analyzed by AN-
OVA using means of each replication. Cross comparisons (Baked 71 vs
Microwaved 93 and Baked 93 vs Microwaved 71) were not included.
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Prior to statistical analysis, sensory data were decoded using a 7-point
scale. All sensory data were weighted to account for variations in panel
size. Time was also included in the statistical model to account for dif-
ferences in length of time samples were in frozen storage between the
first and last taste panels. Means of each taste panel were used for anal-
ysis. rather than individual judge scores, to compensate for variations in
taste panel sizes.

RESULTS & DISCUSSION

Treatment effects on textural quality

Sensory data indicated that firmness and chewiness of room
temperature samples were both affected by heating method but
not by end point temperature (Table 2). Baked imitation crab
samples were softer (P < 0.05) and less chewy (P < 0.05) than
the two microwaved samples and the unheated control. Micro-
waved samples were also less firm (P < 0.05) and less chewy
(P < 0.05) than unheated controls (Table 2).

In addition to treatments being significant by sample, statis-
tical analysis indicated that a time by sample interaction for
chewiness was significant (P < 0.05). Mean sensory scores for
chewiness indicated that while chewiness gradually decreased
over time in baked samples, this attribute gradually increased
over time in microwaved and unheated control samples. There-
fore, significant differences observed for time by sample inter-
action for chewiness at the average time of sensory testing (day
19) reflected those previously described for significance-by-sam-
ple data. No time by sample interaction occurred for any other
sensory attribute.

Typical Instron compression curves illustrating hardness and
point of fracture of heated and unheated imitation crab are
shown (Fig. 1). Unheated imitation crab controls were firmer (P
< 0.05) than all heated samples (Table 3). As with sensory data,
these results were not associated with end-point temperature.
Although slight variations in diameter of cooked samples may
have influenced instrumental force measurements, magnitude
differences for planned contrasts were assumed to be valid. The
two methods showed heating consistently decreased firmness of
imitation crab samples. Significant differences were not found
among samples for fracturability, which suggested that attribute
was unaffected by either heating method or end point temper-
ature.

Many other studies have shown similarities between instru-
mental and sensory results. Sensory scores for firmness and
chewiness have shown a high correlation with Instron shear and
compressive force (Montejano et al,, 1985; Lee et al,, 1992b),
as well as texturometer measures of hardness and chewiness
(Szczesniak et al., 1963). Sensory attributes of firmness and
chewiness correlated highly (Cardello et al., 1982).

Lee and Chung (1989) reported Instron penetration tests were
the best measure of surimi gel firmness whereas Instron com-
pression tests more accurately measured cohesiveness. However,
they also found high correlations between compressive force and
penetration force and both values correlated well with sensory
firmness. Lee and Chung (1989), however, recommended com-
pression tests over penetration tests to measure surimi firmness
in samples which had been frozen and thawed.

The decrease in firmness and chewiness we found for heated
imitation crab samples could have been caused by alterations in
water-binding ability of starches during frozen storage (Lanier,
1986). Potato and wheat starches. 2 of the 3 starches in this
product, produce strong, elastic gels when incorporated into sur-
imi because of their water binding capacity (Lee, 1984; 1986;
Lee and Kim. 1985; Kim and Lee. 1987; Lee et al.. 1992a).
However, such unmodified starches can readily retrograde, al-
lowing syneresis during frozen storage. Consequently, a portion
of the bound water which was released from cells could be
expressed when thawed product is compressed or cut (Lee,
1986; Lee et al., 1992a).

Instron tests measuring expressible moisture revealed that un-
heated imitation crab controls contained ~ 11% expressible

Table 2—Mean scores for the desc'iptive sensory analysis of imitation crab
samples heat treated by either baking or microwave heating to an internal
temperature of 71°C or 93°C and an unheated control

Sensory attributes

Chewiness/
Rubberiness*

Color
intensity@

Sample

description Firmnesse

------- Least squares mean scoresS --------

Unheated control 3.66a 5.23a 5.163
Baked 71 3.20b 3.44b 3.76b
Baked 93 3.62a 3.54b 3.78b
Microwaved 71 3.88a0 4.14° 4.41°
Microwaved 93 3.95° 4.39° 4.44°

ab< For the planned contrasts only (see Materials and Methods), values in the same
column with different superscripts are significantly different (P < 0.051.

dScale: 1 = Very white; 7 = Brownish-white.

e Scale: 1 = Very soft; not firm; 7 = Extremely firm.

fScale: 1 = Not chewy/rubbery; 7 - Ext-emely chewy/rubbery.

8n = 13-30.

Table 3—Hardness0, fracturability0, moisture, and expressible moisture0 of
baked, microwaved, and unheated control imitation crab samples

Textural attributes

Fractur_ Expressible

Sample HardnessO  ability6 Moisture___moisture
description (kg) (kg) (%) (%)

----------------------- Mean valuesf ------------mmmmmmeeeee
Unheated 27.42a 0.57a 74.8a'b 11.31»
Control
Baked 71 7.88b 0.53a 77.3a 0.87b
Baked 93 7.24b 0.57a 75.9a'b 0.81b
Microwaved 71 8.19b 0.52a 75.0a’b 0.70b
Microwaved 93 8.78b 0.49» 73.5b 0.76b

a-bFor the planned contrasts only (see Materials & Methods), values in the same col-
umn with different superscripts are s gnificantly different (P < 0.05).

¢ Compressed to 90% deformation by an Instron Universal Testing Machine using a 50
kg load cell.

d Expressible Moisture = Water Expressed/(Sample Weight X Moisture Content of
Sample).

e Bourne (1978).

fValues reported reflect the mean of two replications of at least three samples from
each treatment.

moisture, whereas all heated samples contained <1% expressi-
ble moisture (Table 3). The high level of expressible moisture
in unheated controls may be attributed to changes that occurred
during frozen storage. Expressible moisture increased after one
or more freeze-thaw cycles in surimi gels (Chung and Lee,
1991; Lee and Kim, 1985), fish gels (Cheng et al., 1979), ka-
maboko (Holmquist et al., 1984), and other surimi-based
products (Lee, 1986; Lee et al., 1992a, b). Water expressed from
starch by syneresis would not reassociate with starch after thaw-
ing and remained as free water in unheated samples (Whistler
and Daniel, 1985). By comparison, starch in heated samples
reversibly bound moisture, resulting in softer, less chewy prod-
ucts compared to unheated controls (Table 2). Similar findings
in expressible moisture measurements have been reported in
starches in surimi gel (Chung and Lee, 1991) and in imitation
crab-like surimi products (Yoon and Lee, 1990).

Since moisture contents of baked and microwave heated sam-
ples were not different in moisture contents from unheated con-
trols (Table 3), it is unlikely that expressible moisture
differences were the result of moisture loss during heating. Fur-
thermore, drip loss during thawing of samples was negligible.
Firmer, chewier textures observed in unheated samples could be
attributed to alignment of the starch matrix, which resulted in
product toughening (Whistler and Daniel, 1985). Conversely,
reassociation of water into the starch matrix resulted in greater
water retention and. thus, decreased gel strength in heated sam-
ples. These results confirmed those reported earlier for surimi
mixtures (Lee, 1984; Lee et al., 1992a), beef sausage mixtures
(Gregg et al., 1993), gravies (Hanson et al., 1951), and reheated
stale bread (Whistler and Daniel, 1985). Yoon and Lee (1990)
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Table 4—Hunter color values and whiteness index reported for the exterior
and interior of baked, microwaved, and unheated control samples of imi-
tation crab

Color indicator

Sample Whiteness
description index0 Ld ae bf
Exterior Color
Unheated Control 34.82a  71.56a -2.80a 9.11a
Baked 71 39.95a 76.72b —2.77a 9.49a
Baked 93 36.78a  73.88a'h —2.79%a 9.58a
M crowaved 71 38.53a 76.34b -2.16a 9.85a
M crowaved 93 39.64a  74.95b -2.78a 8.99a
Interior Color
Unheated Control 40.89a  76.38a -2.54a 9.29a
Baked 71 42.33a 77.53ab -2.78b 8.96a
Baked 93 41.57a  76.59a -2.76b 8.91a
Microwaved 71 41.44a  77.87b -2.70ab 9.44a
Microwaved 93 41.71a 77.60ab -2.63ab 9.33a

ab For the planned contrasts only (see Materials and Methods), values in the same
column within a treatment group with different superscripts are significantly differ-
ent (P < 0.05).
¢ Whiteness index (WI): WI = L - 3b + 3a; (Gates and Parker, 1992). Used as an index
of whiteness for blue crab.
dL Scale: Lightness/Darkness scale; white = 100; black = 0.
ea Scale: Red/green scale; red = (+); green = (-).
fb Scale: Yellow/blue scale; yellow = (+); blue = (-).
9 Values reported reflect the mean of two replications of three samples from each treat-
ment.

found that sensory texture scores and shear values declined

when an imitation crab-like product containing starch and var-

ying
three freeze-thaw cycles. However, when the same samples were

levels of added cellulose were reheated after undergoing

subjected to three freeze-thaw cycles but not reheated, shear

force values increased instead of decreasing.

In addition to textural changes, the degree of softening which
occurred as a result of heating varied by heating method. Baked
samples were softer and less chewy (P < 0.05) than microwaved
samples, and similar results have been found in other foods (ElI-
Shimi. 1992; Ream et al.,, 1974: Cruickshank, 1981; Rogers et
al.,, 1990). In contrast, M adeira and Penfield (1985) found fish
heated in a conventional oven was firmer and chewier than sim -
ilar fillets heated by microwave. Kramer shear values for hard-
ness gave similar results, and these values correlated highly with
sensory panel scores for firmness and chewiness (Madeira and
Per.field, 1985).

Although those
samples, in our study a reduced power level of 70%

studies used full microwave power to heat
for sample

heating was employed to achieve desired end point temperatures

(Table 1). Previous studies resulted in conflicting results as to
the effect of microwave power on product quality (Korschgen
et al.,, 1976; Drew et al.,, 1980). Therefore, specific effects of

microwave heating on textural characteristics of imitation crab
are not clear.

Not all researchers have found heating method to have a
greater influence on texture than end point temperature. Johans-
son et al. (1992) reported that tenderness of rainbow trout and
coc were affected by end-point temperature to which

were baked and microwave heated, but the method of heating

samples

did not affect tenderness. However, the highest temperature they

used was about the same as the low temperature we used.

Treatment effects on color

Color appeared to be unrelated to heating method or end point
temperature. scores found Baked 71
be whiter (P <

93 samples were more brownish-white (P <

Sensory panel samples to
0.05) than all other samples (Table 2). Baked
0.05) than Baked
71 samples but whiter (P < 0.05) than Microwaved 93 samples.

Sensory scores indicated that imitation crab unheated controls
were more brownish-white (P < 0.05) than Baked 71

0.05) than Microwaved 93

samples,

whiter (P < samples, and not dif-

ferent from Baked 93 or Microwaved 71 samples (Table 2). The
each other. AN-
indicated that color differences dis-

microwaved samples were not different from
COVA without interaction
cussed were significant not only by sample but also by time,
although no time by sample interaction occurred.

The slight brownish-white color in Baked 93 samples prob-
ably resulted from M aillard browning. Interactions between fish
protein amines, reducing sugars, and water during longer baking
time and higher end point temperature of Baked 93
could occur (W histler and Daniel, 1985). It is unlikely that M ail-

lard reactions were responsible for browning of Microwaved 93

samples

samples. Foods are less likely to brown when cooked by micro-
wave heat because air inside the microwave oven remains too
cool and moist during cooking to allow surface browning (Bak-
1984).

not have caused browning of microwaved samples.

anowski and Zoller. The heating times we used would

Possibly some sample variations in whiteness resulted from
differences in the rate at which starch rebound with expressible
moisture of samples during heating. As starch granules imbibe
more water, it changes from opaque (whiter) to more translucent
(Charley, 1982).
ficiently to change the translucent unheated control to the more
Continued heating to

Heating to 71°C may have heated starch suf-
milky white starch binding with water.
93°C may have produced further color changes, resulting in the
more translucent characteristics of gelatinized starch. Increased
translucency could make the less white surimi color more ob-
vious, giving the impression of decreased whiteness, and higher
(less white) color scores.

Colorimetry measures of exterior Hunter L (black/white) val-
ues indicated that Baked 71. Microwaved 71, and Microwaved
93 imitation crab samples were whiter (P < 0.05) than unheated
controls (Table 4).
each other or from Baked 93 samples. No differences in white-

However, the three were not different from

ness as measured by L value existed between unheated controls
and Baked 93
heating tended to result in whiter samples, regardless of heating

samples. Based on colorimeter mean L values,
method or end-point temperature.

Compared to sensory panel results, Hunter L values showed
similar trends for whiteness for baked samples compared to un-
heated controls but different results for microwave heated sam -
For baked samples, both

ples compared to unheated controls.

sensory scores and colorimeter L values found Baked 71 sam-
ples were whiter (P < 0.05) than unheated controls. In addition,
both sensory scores and Hunter L values showed no differences
between unheated controls and Baked 93 samples. In contrast,
Hunter L values indicated microwaved samples were whiter than
unheated controls. Only Microwaved 93 unheated
0.05).

in exterior Hunter a (red/green) values,

samples vs
controls were less white (P < No significant differences
Hunter b (yellow/blue)
values, or whiteness index were identified (Table 4).

Slightly different

measures of interior color (Table 4). Like exterior color, Hunter

results were obtained with colorimetry

L values indicated Microwaved 71 samples were whiter (P <
0.05) than unheated controls, but no other differences were
found. Only slight differences were found among samples for

interior Hunter a values, and no differences were found among
samples for interior Hunter b values or whiteness index (Table
4). Values for (73.5-77.3% ), lipid (0.3% ), protein
(11.5-13.5% ), ash (2.0—=2.5% ), carbohydrate (8.8—10.2% ), and
pH (7.4) fell within ranges previously reported for surimi-based
1986; Dudck et al., 1988).

moisture

fabricated seafood products (Lee,

CONCLUSIONS

Heating decreased firmness and chewiness of imitation crab
The related to the

heating method softest and

legs. degree to which they were lessened

used. Baking produced the least

chewy samples, microwave heating produced intermediate levels

of firmness and chewiness, and no heating resulted in firmest

and chewiest samples. End point temperature, however, had no

significant effect on these attributes. Heating significantly de-
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creased expressible moisture level of all four heated samples,
regardless of heating method or end point temperature. Moisture
contents of heated samples were not different from unheated
controls. This suggests that baking and microwave heating
caused free water (expressible moisture) to rebind with starch
during heating.
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Alpha-Helical Structure of Fish Actomyosin:
Changes during Setting

MASAHIRO OGAWA, JUN KANAMARU, HIROKI MIYASHITA, TORU TAMIYA, and TAKAHIDE TSUCHIYA

ABSTRACT

Participation of the a-helix in setting was investigated using circular
dichroism. The ot-helicity of the actomyosin from eight species of fish
decreased during incubation at 30°C or at 40°C. The extent and pattern
of decrease differed among species. When rate of decrease was plotted
vs rate of increase in strength of gel preincubated at 30°C or at 40°C,
the two factors correlated closely. We propose that the unfolding of a-
helix initiated setting.

Key Words: fish, actomyosin, circular dichroism, alpha helix

INTRODUCTION

When salted fish meat paste is kept at constant low tem-
perature, its rheological properties change from sol to gel. This
is called “ setting.” The setting response of fish meat paste dif-
fers with species (Shimizu et al, 1981). Setting has been attrib-
uted to hydrophobic interactions (Niwa, 1975; Niwa et al.,
1981), the sulfhydryl-disulfide interaction (Itoh et al, 1979), and
the covalent bond formation catalyzed by transglutaminase in
the muscle (Seki et al., 1990; Kimura et al., 1991). Furthermore,
the decrease in myosin heavy chain and a concomitant produc-
tion of cross-linked myosin heavy chains were observed with
setting (Numakura et al., 1985; Nishimoto et al., 1987, 1988;
Niwa et al., 1989; Numakura et al., 1990; Nowsad et al., 1993).
Apparently, setting is initiated during formation of bonds be-
tween myosin molecules. However, the mechanism of structural
changes of myosin with setting has not been elucidated.

We reported that a-helical structure of fish myosin unfolded
markedly in the temperature range 30 to 40°C, corresponding to
high-temperature setting (Ogawa et al., 1993). Our current ob-
jective was to investigate the a-helical structural changes of ac-
tomyosin from several fish species to determine whether
alterations of a-helical structure were associated with setting.

MATERIALS & METHODS
Materials

The 8 species of fish were: Amberjack (Seriola dumerili), Yellow Tail
(Seriola quinqueradiata), Sea Bass (Lateolabraxjaponicus), Sea Bream
(Pagrus major), Greenling (Hexagrammos otakii), Stone Flounder (Kar-
eius bicoloratus), Carp (Cyprinus carpio), Bigeye Tuna (Thunnus obe-
sus). All species except Bigeye Tuna were used immediately
post-mortem. Bigeye Tuna was used after storage on ice for 1 day post-
mortem.

Preparation of actomyosin (AM)

AM was prepared according to the method of Sano et al. (1986) with
modifications. Fish dorsal muscle (300g) was homogenized in 3,000 mL
of 50 mM KC1-20 mM potassium phosphate buffer (pH 6.8) containing
0.01 mM (p-amidinophenyl) methanesulfonyl fluoride hydrochloride
(PAPMSF) in a Waring Blendor and the macerate was centrifuged at
4,500 X g for 20 min. The residue was homogenized in 3,000 mL of
0.6M KC1-20 mM potassium phosphate buffer (pH 7.0) in a Waring
Blendor and the suspension was centrifuged at 4,500 X g for 20 min.
The supernatant was filtered through triple-layer gauze. When the su-

The authors are with the Dept, of Chemistry, Faculty of Science
j&TechnoIogy, Sophia Univ., 7-1 Kioi-cho, Chiyoda-ku, Tokyo 102,
apan.

pematant was diluted by adding 30 L of 20 mM potassium phosphate
buffer (pH 6.8) with constant stirring, a precipitate formed. The precip-
itate was collected by centrifugation at 4,500 X g for 20 min and then
suspended in 900 mL of 50 mM KC1-20 mM potassium phosphate buffer
(pH 6.8). The washed precipitate was collected by centrifugation at 4,500
X g for 20 min. The residue was re-suspended in 600 mL of 50 mM
KC1-20 mM potassium phosphate buffer (pH 6.8) containing 0.01 mM
pAPMSF. The purified AM was sedimented by centrifugation at 185,000
X g for 60 min.

Preparation of gel

AM was adjusted to a protein concentration of 12% (w/w) with 50
mM KC1-20 mM potassium phosphate buffer (pH 6.8) and then mixed.
The mixture was placed in a plastic bag, together with 2.5% NaCl (w/w),
and ground for 5 min. The paste was deaerated by centrifugation at 1,800
X g for 10 min and added to a vinylidene chloride tube casing (31 mm
in width) without introducing bubbles. The casing was sealed at both
ends. The above procedures were performed at 4°C.

The samples were heated in a water bath in three regimes: at 90°C
for 15 min (1) immediately after preparation, (2) after preincubation at
30°C for 60 min, and (3) after preincubation at 40°C for 30 min. Heated
samples were cooled immediately in an ice-water bath for 30 min and
held at 4°C for 24 hr.

Jelly strength

The jelly strength of the gel was measured by the puncture test using
a rheometer (NRM-2010J-CW, Fudoh Kogyo Co., LTD., Tokyo, Japan)
with a spherical plunger (5 mm in diameter). The plunger resting on the
cylindrical gel sample (19 mm in diameter, cut to the length of 25 mm,)
advanced at a speed of 6 cm/min. The breaking force (g) and the depth
of the indentation (cm) were recorded. The product of the values (g X
cm) was defined as jelly strength.

Circular dichroism (CD)

The supernatant after filtration through gauze was used as the sample
for CD and diluted to a protein concentration of 0.2 mg/mL with 0.6M
KC1-20 mM potassium phosphate buffer (pH 7.0). The CD measurement
was carried out with a Jasco J-500A spectropolarimeter equipped with
a water-jacketed cell holder. The temperature was controlled with a Tho-
mas Kagaku Co., LTD Thomastat TRL-33. Ellipticities at 222 nm, [0]22
were measured in 0.2-cm path length cell which was thermostated at
30°C or 40°C. a-Helicity was estimated by the following equation
(Ogawa et al., 1993):

a-Helicity = 100 X {[0]22/—40,000}

Protein concentration was determined by the modified biuret method
of Umemoto (1966).

RESULTS & DISCUSSION
Changes in jelly strength of AM

The setting response was determined by the increase in jelly
strength of AM (R,) (Fig. 1). In Yellow Tail, Sea Bass, Green-
ling, and Bigeye Tuna, the jelly strength increased due to prein-
cubation at 30°C, although the magnitude of the increase
differed among species. In contrast, gels from Amberjack, Sea
Bream, Stone Flounder, and Carp, showed a lowering of gel
strength by preincubation. On the other hand, preincubation at
40°C caused a further increase in jelly strength in every species.
Gels of AM from Sea Bream and Stone Flounder, although they
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Fig. 1—Setting response of actomyosin. Rate of increase in jelly
strength (R) (%) was expressed as 100 x {(the jelly strength of
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viations given by the error bars.)
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Fig. 2—Changes in a-helicity of actomyosin during Incubation at
(A) 30°C and (B) 40°C.

were weakened by preincubation at 30°C, were greatly strength-
ened by preincubation at 40°C. Thus, the setting response of fish
AM differed not only among species, but between gel setting
temperatures of 30°C and 40°C. These results were consistent
with results of Shimizu et al. (1981).

Changes in a-helicity of AM

To elucidate the reason for such differences in setting, we
investigated changes in the a-helicity of AM during incubation

120
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Fig. 3—Correlation between jelly strength (Ry) and rate of de-
crease in a-helicity (Rh). Values of Rywere averages In (Fig. 1).
The R/, (%) was expressed as 100 x {(the a-helicity at incubation
time of 60 min (30°C) or 30 min (40°C)/the a-hellcity at incubation
time of 0 min) - 1} o at 30°C; « at 40°C.

at 30°C or at 40°C (Fig. 2). In every species, at 30°C (Fig. 2A),
the a-helicity decreased greatly in the first 5 min, but very little
from 5 min to 60 min. The level of decrease during incubation
of the AM solution for 60 min was 10% in Greenling and Stone
Flounder, whereas it was only 6% in Yellow Tail and Carp. On
the other hand, the a-helicity decrement at 40°C was still larger
than that at 30°C for all AM samples. The decreasing a-helicity
pattern at 40°C could be divided into two types (Fig. 2B). One
type was similar to the pattern of AM samples heated at 30°C,
and the other pattern showed that a-helicity continued to de-
crease after 5 min incubation time. The decrease from 5 min to
30 min was no less than 7% in Sea Bream. Accordingly, the
extent and pattern of decrease at 40°C were different from those
at 30°C. Since there were differences in a-helicity as well as in
jelly strength between 30°C and 40°C, the possibility of a mutual
relationship exists.

Comparison of gel and a-helicity

We examined whether setting was related to the decrease in
a-helicity during incubation (Rh. The R, increased with rise of
Rh (Fig. 3). The correlation coefficient (r) between these was
high (0.85). The strengthening of the gel may depend on the
magnitude of unfolding of the a-helix. In less than 15% of the
Rh, the regression line showed a negative Rj. Accordingly, it
seems that Rh >15% enables jelly strength to increase. Inter-
estingly, the higher R, at 40°C of Sea Bream and Yellowtalil
might be related to the fact that the a-helix unfolding continued
after 5 min. These reasons suggest that significant increase in
jelly strength may require much unfolding over a long time at
the temperature of preincubation.

Sano et al. (1990a,b) suggested that interactions among my-
osin tail portions with high a-helical content induced the initi-
ation of gel elasticity. Such interactions may be due to unfolding
of the tail portion during preincubation at 30°C or at 40°C. The
formation of bonds initiated by unfolding would be essential to
high levels of setting responses.
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Gel Strength Enhancement by Addition of Microbial
Transglutaminase during Onshore Surimi Manufacture

HIROKO SAKAMOTO, YOSHIYUKI KUMAZAWA, SEIICHIRO TOIGUCHI, KATSUYA SEGURO,
TAKAHIKO SOEDA, and MASAO MOTOKI

ABSTRACT

Surimi from Alaska pollock flesh was manufactured onshore with mi-
crobial transglutaminase (MTGase). Effect of MTGase was investigated
by evaluating breaking strength and deformation of gels from MTGase-
treated surimi with and without setting at 30°C. Quantitative analysis of
e-(y-glutamyl)lysine (GL) crosslink was also carried out to monitor the
MTGase reaction. In set gels, breaking strength and GL crosslink in-
creased, and myosin heavy chain decreased correspondingly with
MTGase concentration. These changes were smaller in gels prepared
without setting. Results suggest that surimi gel could be improved
through the formation of GL crosslinks by added MTGase in surimi.

Key Words: surimi, gel strength, transglutaminase, glutamyl-lysine

INTRODUCTION

The texture of fish gel products such as kamaboko and
crab leg analog is an important quality which influences their
preference and palatability. As a quality index of surimi. the
strength of the gels has been evaluated.

To obtain a strong, elastic gel from surimi manufactured on-
shore has been very difficult. Only fresh, unfrozen fish can pro-
duce high-quality surimi and a strong gel. A decline in freshness
and freeze-induced denaturation result in poor quality and weak
gels. Land-grade surimi has undergone degradation by the time
when it is made into surimi, and such degradation may further
promote protein polymerization during frozen storage. As a re-
sult, protein lumps remain even after the kneading process. Such
lumps apparently are condensed by heating and thus reduce the
uniformity of the protein dispersion in the kamaboko. resulting
in weakened product texture. Thus, manufacturing at sea has
been required for high-quality surimi; however, the cost is
higher compared with onshore surimi production (Lanier et al.,
1992a; Sato and Tsuchiya, 1992).

In manufacturing fish gel products from surimi, several kinds
of bonds, such as hydrophobic interactions, disulfide bonds, hy-
drogen bonds and others are formed (Niwa, 1992). Endogenous
transglutaminases (TGases) in fish flesh may form e-(y-gluta-
myl)lysine (GL) crosslinks in fish proteins (Sato et al., 1992;
Kumazawa et al., 1993a. b) and participate in textural changes
of fish sol during processing (Seki et al., 1990; Tsukamasa and
Shimizu, 1991; Wang et al., 1994). Tsukamasa et al. (1993)
reported that the GL crosslink formed by such TGases was im-
portant in the low-temperature (25°C) setting of sardine flesh
sol.

The activity of endogenous fish TGase and formation of GL
crosslink in land-grade surimi was less when compared to those
of factory ship-grade surimi (Kumazawa et al.. 1993b). In-
creased formation of GL crosslink could reinforce the strength
of land-grade surimi gel.

TGase is Ca:*-dependent and catalyzes an acyl transfer re-
action between the y-carboxyamide group of glutamine residues
of proteins and primary amines (Folk and Chung, 1973). When
the primary amine is the e-amino group of lysine residues of
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protein, GL crosslinks are formed. Although polymerization and
crosslinking of some food p-oteins by mammalian TGases have
been reported (lkura et al., 1980a, b; Motoki and Nio, 1983;
Kurth and Rogers, 1984), commercial utilization of such TGases
in food production has scarcely been practiced due to high sup-
ply costs.

However, the situation changed after discovery of an extra-
cellular microbial TGase (MTGase), produced by a variant of
Streptoverticillium mobaraense (Ando et al.,, 1989; Washizu et
al., 1994). A remarkable characteristic of that enzyme is its
Ca-f-indepcndent catalytic property. Tanaka et al. (1990) re-
ported polymerization and gelation of carp myosin with the
MTGase. We hypothesized that the strength of the shore plant
surimi gel would be improved by treatment with MTGase.

Our objective was to investigate the influence of added
MTGase in onshore surimi manufacture and relationships be-
tween the GL crosslink formation by MTGase and the strength
of gels made from MTGase-treated surimi.

MATERIALS & METHODS
Preparation of surimi

Alaska pollock (Theragra chalcogramma) was harvested off the coast
of Abasiri. and shipped on ice and processed to surimi within 2 days at
an onshore factory in Abashiri city. Hokkaido. Japan. In brief, washed,
strained and dewatered fish flesh (20 kg: moisture content 80%) was
mixed for 7 min with a 6% (w/w of fish flesh) sucrose. 0.2% (w/w of
fish flesh) sodium tripolyphosphate and appropriate amounts of MTGase
(0-4.3 Ulg protein). During mixing, the temperature was maintained be-
low 7°C. The surimi product was frozen at —30°C. Moisture content of
the surimi was 79.1%. Protein content was 14.5%, determined by Kjel-
dahl method (AOAC. 1990) using a conversion factor of 6.25.

F.nzvme

MTGase (1.0 unit/mg) was prepared from the culture broth of a variant
of Streptoverticillium mobaraense as previously described (Ando et al.,
1989; Washizu et al.. 1994). Enzymatic activity was measured by the
hydroxamate procedure with Cbz-L-glutaminylglycinc (Folk and Cole,
1966). Specific activity was defined as follows: 1 unit is that amount of
enzyme which catalyzes the formation of 1 gmol hvdroxamit acid min
at 37°C.

Preparation of surimi gels

Frozen surimi was tempered to —2°C and chopped in a silent cutter
(12-kg type. Hanaki Seisakusho Co.. Inc.. Tokyo) for 9 min with sodium
chloride (3.0% w w). followed by chopping with potato starch (5.0% w/
w) for 4 min. During chopping the temperature was maintained below'
10°C. The amount of salt and starch was based on the initial weight of
the surimi. The surimi paste ( 20g each) was stuffed into 30-mm-di-
ameter polyvinylidene chloride tubes. Then the tubes were sealed and
immersed in a water bath. The paste was incubated (set) for 60 min at
30°C followed by cooking for 30 min at 90°C. These gels were referred
to as set (S) gels. For the control, the paste was directly cooked at 90°C
for 30 min. These gels were referred to as non-set (NS) gels. After
cooking, all gels were cooled in an ice-water bath for 10 min and stored
in a room (25°C) overnight prior to instrumental measurements.
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Fig. 1—Illustration of instrumental assessment of gel breaking strength, (8) A sample gel and the plunger, (b) A typical force versus

deformation curve. P : breaking strength (g); D : deformation (cm).
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Fig. 2—Changes in breaking strength and deformation of surimi gels as a function of enzyme concentration, (a) S gels, set for 60
min at 30°C followed by cooking at 90°C for 30 min.  breaking strength (g), o deformation (cm), (b) NS gels, cooked at 90°C for 30

min without setting. m breaking strength (g), O deformation (cm).

Instrumental assessment of gel strength

The quality of the gels was assessed by measuring their breaking
strength (g) and deformation (cm). A puncture test, previously described
by Nonaka et al. (1992), was carried out with the gels at room temper-
ature (25°C). Every sample piece was prepared to have 25 mm height
by cutting the original cylindrically shaped gel. Each sample piece was
set on the detachable table of a Rheometer™ (Fudo Kogyo K.K.. Tokyo)
equipped with a spherical plunger (4> = 5mm) (Fig. I). Compression on
the sample piece was executed with a table speed of 60 mm/min. The
breaking strength was measured and read on the force vs. deformation
curve by the value of the first force peak (g). The deformation was read
on the same curve by dividing the sample height between the start point
and the first peak force point (cm). Jelly strength was the multiplication
of breaking strength by deformation (g x cm) (Lanier, 1992b).

The measurement was repeated 10 times on each sample gel, and the
averages and standard deviations were calculated. To determine variance

among those values which were observed as a function of enzyme con-
centrations, a one-way analysis of variance (one-way ANOVA) was per-
formed (Ichihara, 1990; Ishihara et al.. 1990).

SDS-polvacrylamide gel electrophoresis (PAGE) analysis

The gels were lyophilized and a small portion (8 mg) of each lyo-
philized gel was dissolved in 4 mL SDS solution, containing 2% SDS,
8M urea, 2% p-mercaptoethanol, 20 mM Tris-HCI (pH 8.0). The mixture
was stirred for 20 hr at room temperature. An aliquot of solution was
applied on SDS-PAGE gels (5-20% gradient gel) and electrophoresis
was performed according to Laemmli’s method (Laemmli, 1970). After
the run, the SDS-PAGE gels were stained with Coomassie brilliant blue,
and the myosin heavy chain content was determined by measuring the
staining intensity using an UltroScan XL enhanced laser densitometer™

Volume 60, No. 2, 1995—JOURNAL OF FOOD SCIENCE—301



GEL STRENGTH ENHANCEMENT THROUGH z-(y-GLUTAMYL)LYSINE CROSSLINKS . ..

1200
E 1000
(0]
X
B 800
X
E5 600
o
", 400 L
&b
" 200 |

0 1 1 1 1

0 1 2 3 4 5

TG cone. (U/g of protein)

(b)

1200 |
‘E 1000 |
(&)
X
o 800
=
© 600
o
2 a00]
©
S 200 |

0 1 1 1 1

0 1 2 3 4 5

TG cone. (U/g of protein)
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T
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(4 U/g protein), (b) S gel prepared from surimi without MTGase.

These S gels were set for 60 min at 30°C followed by cooking at
90°C for 30 min.

(Pharmacia LKB Biotechnology, Uppsala. Sweden). The analysis was
repeated 3 times on each sample and the average was calculated.

Analysis of e-(y-glutamyl)lysine

The gels were lyophilized and an aliguot (2 mL) of 0.1 M sodium
horate buffer (pH 8.0) with a crystal of thymol was added to the protein
sample (20 mg lyophilized powder). Sequential proteolytic digestion of
this mixture and the GL content analysis were carried out as described
elsewhere (Kumazawa et al. 1993a).

RESULTS

Changes in breaking strength and deformation of the surimi
gels (Fig. 2) showed breaking strength of S gels increased 90%
as enzyme concentration increased. The deformation increased
13% at first when the enzyme was added at 1 U/g protein; how-

Fig. 5—SDS-PAGE pattern of myofibrillar proteins in surimi gels
as related to enzyme concentration. ceis were dissolved in 8 M
urea, 2% SDS, 2% p-mercaptoethanol, 20 mM Tris-HCI| (pH 8.0)
and then applied (10 pg protein/lane). The numbers above each
lane indicate enzyme concentration (U/g protein), (a) S gels, (b)
NS gels. Myosin heavy chain (M) and actin (A) are indicated by

arrows.

ever, it slightly decreased afterwards (Fig. 2a). In the case of
NS gels, both breaking strength and deformation increased (35%
on breaking strength, 10% on deformation) until the enzyme
concentration reached 2 U/g protein, and a slight decrease oc-
curred (Fig. 2b). The rate of the increment in breaking strength
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Fig. 6—Changes in myosin heavy chain content of myofibrillar
protein as related to enzyme concentration. The myosin heavy
chain content was estimated by quantitative densitometry using
the gels in Fig. 5« S gel, m NS gel.

2.0

TG cone. (U/g protein)

Fig. 7—Changes in £-(y-glutamyl)lysine content in surimi gels as
related to enzyme concentration. Symbols and designations
same as in Fig. 6.

for S gels was larger than that for NS gels. The relationship
between MTGase concentration and jelly strength in S gels and
NS gels (Fig. 3) showed the increment of jelly strength was
obvious up to 1or 2 U/g protein; however, excess of MTGase
concentration had little effect or decreased jelly strength. All
breaking strengths, deformations and jelly strengths were dif-
ferent as a function of enzyme concentrations (P < 0.01). In' S
gels, those with MTGase retained their original cylindrical
shapes, even when a 200-g weight was loaded on. Those without
MTGase did not retain the original shape with the weight (Fig.
4).
) Changes in the SDS-PAGE pattern of myofibrillar proteins in
both S and NS gels (Fig. 5) showed when the surimi paste was
set at 30°C for 60 min, the band of myosin heavy chain appar-
ently decreased with increased enzyme (Fig. 5a). Even when the

surimi paste was not set, the decrease in the band of myosin
heavy chain was observed (Fig. 5b). Such changes in myosin
heavy chain were measured quantitatively by a densitometer.
The myosin heavy chain content was expressed relative to the
intensity of myosin heavy chain of the surimi gels prepared
without MTGase (Fig. 6). In S gels, the myosin heavy chain
content abruptly decreased as enzyme concentration increased
and it finally approached zero. Since no bands appeared in the
small-molecular-size region of the SDS-PAGE gels (Fig. 5a),
such decrease in myosin heavy chain content may be ascribable
to crosslinking of myosin heavy chain. A similar decrease in
myosin heavy chain was observed in NS gels (Fig. 5b); how-
ever, the rate of decrease was smaller than that of S gels.

Formation of the GL crosslink in both S and NS gels was
observed and the content increased as enzyme concentration in-
creased to 4 U/g protein (Fig. 7). These data suggest that
MTGase added into the surimi would generate GL crosslinks.

The rate of increase in GL content in S gels was larger than
that in NS gels. The presence of the GL was observed even in
S and NS gels prepared from surimi without MTGase (0 U/g
protein on the abscissa). However, the increase in GL content
proportionally increased with enzyme concentration. This indi-
cates that it was the catalytic action of MTGase.

DISCUSSION

In the surimi gel system Studied, the GL crosslink content in
S gels was greater than in NS gels at all MTGase concentrations
(Fig. 7). The difference between S and NS gels was in setting
conditions, for NS gels were prepared without setting at 30°C
for 60 min. Therefore, MTGase was thought to act during set-
ting. The difference in preparative conditions would result in
differences in breaking strengths between S and NS gels (Fig.
2). On the other hand, an apparent increase in GL content was
observed in NS gels (Fig. 7). Ando et al. (1989) reported that
purified MTGase lost 25% of its initial activity at 50°C for 10
min and we also observed that MTGase completely lost its ac-
tivity at 60°C for 5 min (data not shown). However, the increase
in GL content was likely to occur during cooking, since it is
highly probable that MTGase catalyzed the reaction until it be-
came totally inactivated during cooking. Coexisting proteins in
the surimi affected the thermal stability of MTGase, or protected
MTGase from heat inactivation. Evidence that a cooking con-
dition at 63°C and 15 min failed to completely inactivate
MTGase in surimi pastes (data not shown) support the results.
Further, it was also likely that the GL crosslinks could be
formed through the MTGase catalysis during the preparative
process of surimi and/or surimi paste, even when the tempera-
ture was kept below 10°C.

As described (Fig. 3) the increments of jelly strength or the
jelly strength decreased when more than 2 or 3 U/g protein were
added. We hypothesized that excessive formation of GL cros-
slink would inhibit uniform development of the protein network
and the improvement of breaking strength or deformation or
jelly strength.

In several food protein gels, breaking strength was influenced
by incubation time or temperature. In those gels, the increment
of incubation time or temperature increased breaking strength.
However, excessive time had no effect. Maximum gel breaking
strengths were achieved at 50 or 65°C (Sakamoto ct al., 1994).
In kamaboko gels, the improvement of breaking strength or de-
formation by addition of MTGase was achieved at 10°C (Seguro
et al., 1995). In this experiment the setting temperature was
30°C. At lower setting temperature, increments of breaking
strength would be less or slower than at 30°C. However, at 50-
70°C, modori (heat degradation) would occur, and those tem-
peratures would not be effective for improvement of breaking
strength (Matsumoto et al., 1992).

Formation of the GL crosslink by endogenous fish TGases in
surimi has been reported (Sato et al., 1992; Kumazawa et al.,
1993b; Tsukamasa et al., 1993). In gels prepared from surimi
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manufactured without MTGase (0 U/g protein), the GL crosslink
may be formed by such endogenous TGases in Alaska pollock.
However, the endogenous TGase activity was lower (Kumazawa
et al., 1993b) when compared to those with added MTGase and,
thus, the resulting GL content was also smaller in that case.

The decrease in myosin heavy chain (Fig. 6) correlated with
the increase in GL crosslink content (Fig. 7). Similarly, the in-
crease in breaking strength was thought to be influenced by the
formation of the GL crosslinks. Kimura et al. (1991) reported
that water-soluble protein components of hoki (Macruronus no-
vaezelandiae) surimi catalyzed the crosslinking reaction of my-
osin heavy chain and resulted in kamaboko by setting
procedures. They demonstrated that formation of GL crosslinks
was found during setting of surimi gel. However, they did not
carry out quantitative analysis of GL crosslinks. Tsukamasa et
al. (1993) reported the relationship between formation of GL
crosslinks and gel strength of sardine gel with quantitative anal-
ysis. They demonstrated that gel strength increased as GL con-
tent increased in the low-temperature setting.

Gels prepared in our study were cooked during the last stage
as are commercial surimi products. The breaking strength was
thought to be influenced by several bonds besides GL crosslinks.
Extensive studies have revealed that hydrogen bonds, hydro-
phobic interactions and disulfide bridges are important in deter-
mining the elasticity, firmness and other physical properties of
surimi-based products (Niwa 1992). However, covalent cros-
slinking reactions other than disulfide bridges have been re-
ported to be involved in setting (Seki et al.. 1990; Kimura et
al., 1991; Tsukamasa and Shimizu. 1991).

CONCLUSION

GL content increased with an increase in MTGase concentra-
tion, and breaking strength increased with increase in GL con-
tent. A correlation between breaking strength and GL crosslinks
was observed. Addition of MTGase during onshore surimi man-
ufacture was effective in increasing gel strength. Our results are
applicable to present surimi production and processing of fish
gel products. The manufacturing of surimi with MTGase may
improve the quality of surimi gel products.
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Microbial Transglutaminase and e-(7-Glutamyl)lysine
Crosslink Effects on Elastic Properties of Kamaboko Gels

KATSUYA SEGURO, YOSHIYUKI KUMAZAWA, TOMOKO OHTSUKA, SEIICHIRO TOIGUCHI and MASAO MOTOKI

ABSTRACT

Kamaboko gels from Alaska pollock surimi (SA™ and 2nd™ grades)
were prepared by setting at 10 or 45°C with microbial transglutaminase
(M TGase) and its effect on gel properties was investigated. At 10 and
45°C, gels from 2nd™

strength, without decline in deformation. Gel from SA™

grade surimi paste showed increases in breaking
graded surimi
paste showed an increase in breaking strength with no changes in de-
formation in 45°C setting, up to 0.03% M TGase. Crosslinking of myosin
heavy chains through e-(y-glutamyl)lysine bonds was observed and a
possible correlation was shown between e-(y-glutamyl)lysine content
and gel strength (breaking strength X strain). e-(y-Glutamyl)lysine con-
tent up to 3 pmol/lIOOg or MTGase 0.03%
erties.

or higher improved gel prop-

Key Words:
crosslink

surimi, transglutaminase, viscoelasticity, glutamyl-lysine

INTRODUCTION

Gel-forming ability and viscoelastic property (ashi) are im-
portant for surimi and surimi-based products, particularly ka-
maboko (Shimizu, 1981, 1987; Urch, 1988; Hamann, 1992;
Lanier et al., 1992). These properties are largely dependent on
modes of interactions and bonds, such as hydrogen bonds elec-
trostatic and hydrophobic interactions. These and disulfide
bonds and e-(y-glutamyl)-lysine (e-(y-Glu)Lys) crosslink
(Wicker et al., 1989; Niwa, 1992) have been hypothesized to be
formed through the phasic change from surimi sol to gel during
the manufacturing process. Among such bonds, e-(y-Glu)Lys
crosslink is covalent and may be important in gel-forming and
viscoelastic properties. And its effect in fish flesh is reportedly
to impart viscoelastic properties to surimi-based products (Ki-
mura et al., 1991; Tsukamasa and Shimizu, 1991; Kamath et al.,
1992; Sato et al., 1992; Tsukamasa et al., 1993; Wang et al.,
1994).

e-(y-Glu)Lys crosslink is a catalytic product of transglutam-
inases (TGases) formed between the y-carboxyamide group of
peptide-bound glutamine residues and e-amino group of peptide-
bound lysine residues or free lysine. TGases have been found
not only in fish flesh, but also in microorganisms, vegetables,
cattle, shellfish and humans (Folk and Chung, 1973; Folk and
Finlayson, 1977; Folk, 1980; Kurth and Rogers, 1984; Icekson
and Apelbaum, 1987; Margosiak et al, 1990; Ramanujam and
Flageman. 1990; Seki et al., 1990; Kishi et al., 1991; Klein et
al., 1992; Signorini et al., 1991; Araki and Seki, 1993; Kuma-
zawa et al., 1993b). TGase has also been found in a culture
broth of a variant of Streptoverticillium mobaraense (Ando et
al., 1989; Whnshizu et al., 1994) and referred to as MTGase. The
enzyme catalyzes the same reaction, and polymerized and gelled
carp and rabbit myosins (Nonaka et al., 1989; Tanaka et al.,
1990). Therefore, we hypothesized that the gel-forming and vis-
coelastic properties of surimi-based products would be improved
by a treatment with MTGase.

Our objective was to investigate the effect of MTGase addi-
tion on kamaboko manufacturing both at low- and high-tem-

The authors are affiliated with the Food Research & Development
Laboratories, Ajinomoto Co., Inc., 1-1 Suzuki-cho, Kawasaki-ku,
Kawasaki-shi, 210 Japan.

perature preincubations, and to check correlations between gel
strengths of MTGase-treated gels and e-(y-Glu)Lys crosslink
contents resulting from the MTGase treatment.

MATERIALS & METHODS
Chemicals

Salt (NaCl) and most reagents were of guaranteed grade and were
purchased from W ako Pure Chem. Co. (Osaka, Japan). Amino acid stan-
dard mixtures (Types H; a mixture of 17 amino acids and ammonium
chloride), trifluoroacetic acid (TFA), acetonitrile, tetrahydrofuran (THF),
potassium acetate, o-phthalaldehyde (OPA) were ofanalytical or protein-
sequencing grade and were also purchased from W ako Pure Chemicals
Co. Synthetic e-(y-Glu)Lys and glutamic acid y-monohydroxamate were
purchased from Sigma Chem. Co. (St. Louis, MO).

Transglutaminase

M TGase (1.0 unit/mg) was prepared from the culture broth ofa variant
of Streptoverticillium mobaraense as previously described (Ando et al.,
1989; W ashizu et ah, 1994).
hydroxamate procedure with carbobenzyloxy-L-glutaminylglycine as a
substrate (Folk and Cole,
transformed into a y-glutamyl-hydroxamate form by the enzyme and

Enzymatic activity was measured by the

1966). In this measurement, the substrate was

then into a complex with ferric ion in acidic conditions, with maximum
absorbance at 525 nm. The enzymatic activity was estimated from read-
ings at 525 nm and the calibration curve drawn with glutamic acid y-
The
1 unit is the amount of enzyme which catalyzes the formation

monohydroxamate as standard. specific activity was defined as
follows:

of 1 pmol hydroxamic acid/min at 37°C.

Proteolytic enzymes

Pronase from Streptomyces griseus and carboxypeptidase A from bo-
(Ger-

Leucine aminopeptidase and prolidase from porcine kidney were

vine pancreas were purchased from Boehringer Mannheim GmbH
many).
purchased from Sigma.

Preparation of surimi gels

Frozen surimi (SA™ and 2nd™ grades) of Alaska pollock (Theragra
chalcogramma) was purchased from Maruha Co. (Tokyo) and 2509 each
was tempered to —2°C and chopped in a speed cutter (Model MK-K3,
M atsushita Electric Industrial Co. Ltd.. Japan) for 5 min. followed by

chopping with salt (3.0% w'w) and water (20% w/w) for 4 min. The
amount of salt and water was based on initial weight of the surimi. The
temperature was maintained below 2°C during chopping. The surimi
paste was stuffed into 30-mm-diameter polyvinylidene chloride tubes.
Then the tubes were sealed and immersed in a water bath. In the exper-
iment with M TGase concentration as a variable, MTGase (0.01-0.07%
(w/w)) was dissolved in the water and added as solution. Then the pastes
in the tubes were preincubated (“ set” ) at either 10°C for 16 hr or 45°C
for 30 min, prior to cooking at 85°C for 30 min. In the experiment with
setting time as a variable, the pastes with 0.03% M TGase added were
set at either 10°C or 45°C for up to 32 hr or 60 min,
followed by cooking at 85°C for 30 min.
referred to as L gels and those set at 45°C as H gels. And designations
“/A" and ‘727
and 2nd™ grade surimi pastes, respectively.

no M TGase added were similarly treated. A fter cooking at 85°C, all the

respectively,
The gels set at 10°C were

after H or L indicate that gels were made from SA™
For the control, gels with

gels were cooled in an ice-water bath for 10 min and stored in a room
(25°C) overnight prior to instrumental measurements.
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Fig. 1—Changes in breaking strength and deformation of kama-
boko gels set at 10°C for 16 hr as related to MTGase concentra-
tion. L/A gel, o; L2 gel, O Vertical bars represent Standard
deviation. For details, see Materials & Methods.

Instrumental assessment of jelly strength

The quality of the gels was assessed by measuring their breaking
strength (g) and deformation (mm). A puncture test, as previously per-
(1992),

spherical plunger at room temperature (25°C) in this study. The breaking

formed by Nonaka et al. was also carried out with a 5-mm

strength was obtained from a force vs. deformation curve of the first
force peak. The measurement was repeated 4 times on 2 pieces from
each gel, and the average was calculated. Jelly strength was obtained by

multiplying the breaking strength and deformation.

SDS-polyacrylamide gel electrophoresis (PAGE) analysis

The gels were lyophilized and a portion (20 mg) from each Ilyophilized
SDS, 8M
[3-mercaptoethanol, 20 mM Tris-HCI (pH 8.0) as described by
Numakura et al. (1985). The mixture was heated at 100°C for 2 min and
afterwards stirred for 20 hr at room temperature (~23°C).
the solution was applied to SDS-PAGE gels (5-20%
electrophoresis was penormed

gel was dissolved in 2 mL SDS-urea solution, containing 2%
urea, 2%

An aliquot of
gradient gel) and
according to Laemmli’s method (Lae-

mmli, 1970) with a low-molecular-weight standard (Pharmacia). A fter

1000
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Breaking strength (g)

200

36

L 1

8 1 1 1
0 6 12 18 24

Setting time (hr)

Fig. 2—Changes in breaking strength and deformation of kama-
boko gels set at 10°C as related to setting time. L/Agel, o -; L2
gel, Om Gels with MTGase added, filled symbols; gels without
MTGase, open symbols. Vertical bars represent Standard devia-
tion. For details, see Materia s & Methods.

30 36

the run, the SDS-PAGE gels were stained with Coomassie brilliant blue,
and the myosin heavy chain (MHC) content was determined by meas-
uring the staining intensity of MHC using an enhanced laser densitom -
(UltroScan XL™, LKB
Sweden). The analysis was repeated 3 times on each sample and the
average was calculated.

eter Pharmacia Biotechnology, Uppsala,

Analysis of e-(y-Glu)Lvs

The gels, cut into small pieces, were lyophilized and an aliquot (2
mL) of O.IM sodium borate buffer (pH 8.0), with a crystal of thymol as
a preservative, was added to the lyophilized protein sample (30 mg) in
a plastic test tube. Sequential proteolytic digestion of this mixture with
pronase, leucine aminopeptidase, prolidase and carboxypeptidase A was
done exhaustively. A two-step fractionation of e-(y-Glu)Lys with high-
performance liqguid chromatography (HPLC) was carried out and its con-
tent in the gels was determined as previously described
1993a).

(Kumazawa et
al.,
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Fig. 3—Changes in breaking strength and deformation of kama-
boko gels set 45°C for 30 min as related to MTGase concentra-
tion. H/A gel, »; H2 gel, m. Vertical bars represent Standard
deviation. For details, see Materials & Methods.

RESULTS

Low-temperature setting

Effect of the MTGase addition on kamaboko gels preincu-
bated (“set”) at 10°C for 16 hr was investigated (Fig. 1). The
breaking strength in L/A gel without MTGase was as high as
800g and it slightly increased at 0.01% MTGase. But its overall
increase was not much even at 0.07% MTGase. In L/2 gel, it
increased gradually and depended on MTGase concentration
(Fig. la). The deformation in L/A gel steadily decreased from
a maximum at 0% MTGase, while it increased in L/2 gel as
MTGase concentration increased (Fig. Ib). These results indi-
cate that by addition of MTGase SA™ grade surimi sol resulted
in gels that were more brittle, while addition of MTGase 2nd™
grade surimi sol resulted in gels with higher elasticity. Thus the
MTGase addition increased elasticity more effectively in 2nd™
grade surimi than in SA™ grade surimi. And the effective

[
o
o
o

()
o
o

Breaking strength (g)

50

30

40

20 60

Setting time (min)

Fig. 4—Changes in breaking strength and deformation of kama-
boko gels set at 45°C as related to setting time. H/A gel, o »; H
2 gel, Om. Gels with MTGase added, filled symbols; gels without
MTGase, open symbols. Vertical bars represent Standard devia-
tion. For details, see Materials & Methods.

amount of MTGase in L/2 gel was estimated to be around 0.03%
MTGase (since the deformation reached maximum).

The effect of a 0.03% MTGase addition on kamaboko gels
set at 10°C over setting time was also investigated (Fig. 2). The
effect on LA gel was observed within 8 hr preincubation, al-
though it was not notable. The breaking strengths of the gel
with MTGase and the control were almost the same after 32 hr
setting. In L/2 gel preincubated with 0.03% MTGase, the incre-
ment in the breaking strength was apparently larger than that of
the control (Fig. 2a). The deformation retained up to 8 hr in L/
A gel with MTGase; however, after 24 and 32 hr it decreased.
Although the gels behaved similarly, the deformation in the
MTGase sample was always lower than in the control at all
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Fig. 5—Changes in e-l-v-glutamylllysine content in kamaboko gels
as related to MTGase concentration, (a) 10°C for 16-hr setting. L/
Agel, o; L2 gel, O (b) 45°C for 30-min setting conditions. H/A gel,
e; H2 gel, *. Each value is an average of two measurements on
each corresponding gel.

MTGase concentrations. In L/2 gels, the deformation fluctuated
very little and values in MTGase-added gels were higher than
in controls (Fig. 2b). Again by addition of MTGase in SA™
grade surimi paste, kamaboko gels became more brittle, al-
though they gained in firmness; and in 2nd™ grade surimi paste
the gels became more elastic. However, it may still be possible
to form gels with high elasticity from SA™ grade surimi, if the
MTGase reaction is terminated within 8 hr.

High-temperature setting

The effect of MTGase addition on kamaboko gels set at 45°C
was also investigated (Fig. 3). The breaking strength in H/A gel,
which was half that in gels set at 10°C (Fig. la), increased lin-
early up to 0.03% MTGase and afterward reached a plateau. In
H/2 gel, it increased gradually as concentration increased (Fig.
3a). The deformation in H/A gel retained up to 0.03% MTGase,
and then began to decrease. In H/2 gel, it increased rather
sharply at 0.01% MTGase and plateaued afterwards (Fig. 3b).
These results indicate that addition of up to 0.03% MTGase in

e-(y-Glu)Lys (umol/100 g)

30

O 1 1 1 1
0 6 12 18 24

S etting (hr)

36

tim e

e-(y-Glu)Lys (umol/100 g)

Setting time (min)

Fig. 6—Changes in e-(y-glutamyl)lysine content in kamaboko gels
with 0.03% MTGase as related to setting time, (a) 10°C setting.
L/Agel, o *; L2 gel, Om. (b) 45°C setting conditions. HA gel, o -;
H/2 gel, Om. Gels with MTGase added, filled symbols; gels without
MTGase, open symbols. Each value Is an average of two meas-
urements on each corresponding gel.

SA™ grade surimi resulted in more viscoelastic gels. Excess
amounts of MTGase impaired such effects, since the decrease
in deformation indicated that the gels became rigid and brittle.
Gels from 2nd™ grade surimi pastes showed increases in both
breaking strength and deformation, indicating MTGase addition
in 2nd™ grade surimi in 45°C setting contributed to elasticity.
But the increment of the breaking strength in H/2 gel was slight,
even at 0.07% MTGase, and less when compared with results
in L/2 gel set at 10°C (Fig. la).

The effects of a 0.03% MTGase addition on kamaboko gels
set at 45°C over setting time was investigated (Fig. 4). In H/A
gel, the effect was notable when compared with the control. In
H/2 gel the breaking strength of gels with MTGase was larger;
however, the increment was small, even at 60 min (Fig. 4a). The
deformation of H/A gel was retained up to 15 min, and started
to decrease afterwards. The values, however, were always
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Fig. 7—Changes in SDS-PAGE pattern of myofibrillar proteins in kamaboko gels as related to MTGase concentration. Protein portions
of each gel were dissolved in 8 M urea, 2% SDS, 2% (3-mercaptoethanol, 20 mM Tris-HCI (pH 8.0) and applied (10 pg protein/lane).
Numbers indicate enzyme concentration (w/w) "m" molecular weight marker (low-molecular-weight type, Pharmacia-LKB). (a) L/A
and L/2 gels (or SA and 2nd grade surimi gels set at 10°C). (b) H/A and H2 gels (or SA and 2nd grade surimi gels set at 45°C).
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Fig. 8—Changes in myosin heavy chain content in kamaboko gels
as related to MTGase concentration. L/A gel, o; L2 gel, O HA
gel, »; H2 gel, m. Myosin heavy chain contents in SDS-PAGE gels
(Fig. 7) were estimated by densitometric analysis. For details, see
Materials & Methods.

higher than controls. In H/2 gel, the deformation reached a max-
imum at 15 min and started to decrease beyond 15 min. Values
were always higher than controls (Fig. 4b). These results indi-
cated that with 0.03% MTGase, SA™ grade surimi paste re-
mained elastic up until 15 min setting, and 2nd™ grade surimi
paste also gained in elasticity around 15 min. However, the gain
in breaking strength in 2nd™ grade surimi gel was negligible.

Determination of e-(y-Glu)Lys in gels

Formation of e-(y-Glu)Lys crosslink in all gels was investi-
gated (Fig. 5 and 6). When SA™ and 2nd™ grade surimi pastes
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Fig. 9—Changes in jelly strength in kamaboko gels as related to
[-(-/-glutamyl) lysine content. L/A gel o; L2 gel 3 HA gel, »; H2
gel m. e-(-y-Glutamyl)lysine content was the same as shown in Fig.
5.

were set at 10°C for 16 hr, proportional increases in the £-(y-
Glu)Lys content to MTGase concentration were observed, re-
gardless of grade of surimi (Fig. 5a). Similarly, when SA™ and
2nd™ surimi pastes were set at 45°C for 30 min, the amounts
of e-(y-Glu)Lys increased proportionally to enzyme concentra-
tion, regardless of grade (Fig. 5b). Amounts finally reached 5.5
and 6 pmol/100 g gel for 10°C and 45°C settings, respectively,
at 0.07% MTGase and final amounts were almost the same. The
proportionality in the two setting systems suggested that the cat-
alytic action of MTGase and e-('y-Glu)Lys was generated en-
zymatically during setting. The difference in enzymatic
reactivity was one-sixth between 10 and 40°C (data not shown);
however, it was overcome by the duration of the reaction, for
the setting time at 10°C was 16 hr. When SA™ and 2nd™ grade
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surimis with 0.03% MTGase were set at 10°C, increases in e-
(y-Glu)Lys content were observed and they were proportional
to setting time, regardless of grade (Fig. 6a). When SA™ and
2nd™ surimis with 0.03% MTGase were set at 45°C, a similar
proportionality in the e-(y-Glu)Lys content was observed, re-
gardless of grade (Fig. 6b). The proportionality in the two set-
ting systems suggested the catalytic action of MTGase and
e-(y-Glu)Lys was generated enzymatically during setting. The
amounts at 32 hr for 10°C setting and 60 min for 45°C setting
were both around 6 |imol/100 g gel. Since setting times at 10°C
were 32 hr, the difference in enzymatic reactivity was overcome
by the duration.

Decreases in myosin heavy chain in gels

Changes in SDS-PAGE pattern of myofibrillar proteins over
MTGase concentrations in both L and H gels were compared
(Fig. 7). After densitometric quantitative measurement, the
MHC contents were expressed relative to intensity of MHC of
surimi gels prepared without MTGase (Fig. 8). When SA™ and
2nd™ surimi pastes were set at either 10°C for 16 hr or 45°C
for 30 min, the amounts of MHC apparently decreased with
increases in MTGase concentration, regardless of grade and set-
ting conditions, and finally it reached 0%. Since no smaller-
molecular-size peptides appeared in the SDS-PAGE gels, and
the gels were treated with a buffer containing SDS, urea and
mercaptoethanol, such a decrease in MHC may be due to cros-
slinking of MHC with e-(y-Glu)Lys, and not disulfide bonds.

Relationship between the e-(y-Glu)Lys crosslink content
and gel properties

The relationship between the e-(y-Glu)Lys content and jelly
strength was studied (Figs. 9 and 10). Up to 3 |imol/100 g e-
(y-Glu)Lys the content correlated with jelly strength in H/A and
L/2 gels (Fig. 9) with correlation coefficients of 0.85 and 0.99,
respectively. In L/A gel, no change in jelly strength occurred
up to 3 pmol/100 g e-(y-Glu)Lys. However, excess in the e-(y-
Glu)Lys crosslink content started to lower jelly strength. In H/
2 gel, the jelly strength steadily increased as e-(y-Glu)Lys con-

tent increased, but its increments were not large, as compared
with the other three. These results indicated that the e-(y-
Glu)Lys crosslink up to 3 pmol/100 g was effective in increas-
ing in jelly strength. That is, the amount of MTGase, which
produced 3 pmol/100 g e-(y-Glu)Lys, was 0.03% and that was
enough to improve surimi gel properties. Similar relations were
observed between the e-(y-CTu)Lys content and jelly strength
(Fig. 10) in gels treated with 0.03% MTGase. Such relations
were significant in SA™ grade surimi gels set at 45°C. And in
2nd™ grade surimi gels, a steady increase in jelly strength ap-
pears to indicate the effect of MTGase to increase elasticity in
gels.

DISCUSSION

Seki et al. (1990) and Araki and Seki (1993) reported the
presence of TGase activity in fish, including Alaska pollock.
Kimura et al. (1991) and Sato et al. (1992) demonstrated that
formation of e-(y-Glu)Lys crosslinks occurred during the setting
of surimi produced from flesh of hoki (Macruronus novaezelan-
diae) and sardine, respectively. The viscoelastic property of ka-
maboko gel has been thought to be influenced by several bonds,
including e-(y-Glu)Lys crosslinks (Niwa, 1992). Formation of
e-(y-Glu)Lys crosslinks by intrinsic TGases in fish products was
reported (Sato et al., 1992; Kumazawa et al., 1993a). Tsukamasa
et al. (1993) revealed the relationship between formation of e-
(y-Glu)Lys crosslinks and gel-strength of sardine gels in low-
temperature setting. Such intrinsic TGase activities, however,
were smaller in 2nd™ grade than SA™ grade surimi (Kumazawa
et al., 1993b).

Based on the evidence tha: MHC disappeared (Fig. 7 and 8)
in the SDS-PAGE gels, we could assume that the catalytic action
of MTGase occurred in the surimi paste during setting. Further,
the presence of e-(y-Glu)Lys in the SA™ grade surimi gels pre-
pared without MTGase (0 U/g) at 10°C suggested the presence
of intrinsic TGases in the surimi (Fig. 5) and supported the
previous finding by Seki et al. (1990), Kamath et al. (1992), and
Avraki and Seki (1993). An increase (2.5 pmol/100 g gel) in the
e-(y-Glu)Lys content in SA™ gel set at 10°C (L/A gel in Fig.
6) supported the hypothesis that at high-temperature settings,
such as 40 to 50°C, crosslinking due to the intrinsic TGases in
surimi was suppressed (Kamath et al., 1992). The e-(y-Glu)Lys
crosslink content finally reached 6 p.mol/100 g gel in both 10
and 45°C-settings (Fig. 6). However, at 10°C setting, both the
intrinsic TGases and MTGase were considered to exert their
activity. Thus the increase due to MTGase in L/A set for 32 hr
was estimated to be 3.5 |imol/100 g gel. Although MTGase
would have a low activity (one-sixth of optimum value) at low
temperatures, the setting time (32 hr) was long enough to pro-
duce such amount. At 45°C setting the increment (6 pmol/IOOg
gel) in the e-(y-Glu)Lys crosslink was considered to be due to
MTGase only.

The £-(y-Glu)Lys crosslink content up to 3 pmol/IOO g gel
was critical in gel properties, since beyond that point the in-
crease in jelly strength slov/ed or reversed (Fig. 9 and 10).
Therefore, formation of up :0 about 3 pmol of e-(y-Glu)Lys
crosslink/100 g gel was considered effective in improving gel
properties. This corresponded to =0.03% addition of MTGase
(Fig. 5) or the 20 min and 45°C setting and 8 hr and 10°C setting
(Fig. 6). The jelly strength of the gels set at 10°C was always
higher than those set at 45°C (Fig. 9), though the amounts of e-
(y-Glu)Lys crosslinks were almost the same. This may be be-
cause the jelly strength is the product of breaking strength and
deformation and both parameters in the gels set at 10°C were
higher than those set at 45°C (Figs. 1 and 3). The enhancement
in hydrogen bonding at low temperature has been known (Chef
tel et al. 1985), therefore, breaking strength may be fortified
through enhancement of hydrogen bonds in the gels set at lower
temperatures. Softening (“modori”) of kamaboko gels is well
known to occur during heating (Shimizu, 1987; Niwa, 1992). In
our experiments, however, the setting temperature and period
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were 45°C and 60 min, respectively, and in those conditions, no
changes injelly strength and breaking strength in Alaska pollock
surimi gel have been reported (Numakura et al., 1990). Thus
the results indicate that under low temperature, as well as high
temperature, conditions, MTGase could increase the jelly
strength and the impairment in gel properties would be due to
excess formation of the e-(y-Glu)Lys crosslink. Further, such an
improving effect seemed to be greater at low temperatures than
at high temperatures. The setting periods were usually longer to
activate intrinsic TGases. Also, note that our gels were cooked
at 85CC for 30 min, as commercial products are. Thus the break-
ing strength of the gels could be influenced by not only e-jy-
GlujLys, but also many other factors, such as unfolding of
protein molecules by heat, disulfide bonds, hydrophobic inter-
actions, hydrogen bonding and proteolytic degradation. These
are all involved in the expression of viscoelasticity.

In conclusion, our study revealed that addition of up to 0.03%
(w/w) MTGase in surimi sols was adequate to improve jelly
strength or gel properties of kamaboko gels. Its influence on
other factors affecting gel properties might be obscured through
formation of up to 3 |imol of the e-(y-Glu)Lys crosslink in a
100-g gel. Also, the effect of MTGase to improve the quality
of gels was obvious for the manufacture of gels from 2nd™
grade surimi in low-temperature and from SA™ grade surimi in
high-temperature settings.
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Fermentation of Cucumbers Without Sodium Chloride

H.P. FLEMING, L.C. MCDONALD, R.F. MCFEETERS, R.L. THOMPSON, and E.G. HUMPHRIES

ABSTRACT

Cucumbers were successfully fermented and stored in the absence of
sodium chloride (salt) under laboratory conditions, provided the fruit

were blanched (3 min, 77°C) before brining in a calcium acetate buffer
and the brine inoculated with LaCtObaCI"usdathaﬂJm Bloater formation

was prevented by blanching even when brines were not purged of CO,.
Firmness of cucumbers was similar in salt-free brines or those containing
salt after 1 mo, but firmness of salt-free cucumbers was lower after
storage for 12 mos. Under pilot-scale, commercial conditions, however,
the cucumbers were severely bloated, and the firmness was unacceptable
after storage for 7 mo, due apparently to microbial recontamination after

blanching.

Key Words: cucumbers, fermentation, sodium chloride, LaCtObaC"IUS'

dantarum blanching

INTRODUCTION

The U.S. Environmental Protection Agency has proposed
a limit of 230 ppm of chloride in freshwater bodies (Fed. Reg.,
1987) . Many pickle companies throughout the U.S. have diffi-
culty meeting the 230 ppm limit in discharges from their plant
operations, mainly because about 40% of the pickling cucumber
crop is temporarily preserved in large vessels containing sodium
chloride brine. When needed for processing into finished prod-
ucts, salt is leached from the brined cucumbers and, after biod-
egradation of organic residues, is discharged directly into
streams or into municipal waste systems. The industry has made
efforts to reduce chloride wastes. They have reduced concentra-
tions of salt used to store brined cucumbers and are replacing
wooden tanks which tend to leak with nonleaking polyethylene
or fiberglass tanks.

The addition of CaCl2 or calcium acetate to fermentation
brines has reduced the concentration of sodium chloride nec-
essary for retaining textural properties of brined cucumbers
(Buescher et al., 1979; 1981; Fleming et al., 1978; 1987,
McFeeters and Fleming, 1991). Flowever, microbial instability
of fermented cucumbers is a problem when the salt concentra-
tion is too low. Cucumbers brined at 2.3% NaCl underwent a
normal lactic acid fermentation, resulting in >1% lactic acid
and pH 3.7 (Fleming et ah, 1989). Subsequently, however, the
cucumbers spoiled due to production of butyric acid and other
products formed by undesirable bacteria while the level of lactic
acid was reduced.

Our objectives were to determine the feasibility of fermenting
and storing cucumbers in the absence of NaCl by blanching the
cucumbers before brining. This method was compared to a pro-
cedure developed for fermentation and storage in anaerobic
tanks at relatively low NaCl concentration (Fleming et ah,
1988) . Also, the use of a malate-negative (unable to produce
CO, from malic acid) culture of Lactobacillus plantarum to fer-
ment the cucumbers was evaluated. Predominant growth by such

Authors Fleming, McFeeters, and Thompson are with the Food
Fermentation Laboratory, USDA/ARS, and North Carolina Agri-
cultural Research Service, , of Food Science, North Carolina
State Univ. Raleigh, NC 27695-7624. Author McDonald is with
Miles Inc., Clayton, NC. Author Humphries is with the , of
Biological & Agricultural Engineering, North Carolina State Univ.
Raleigh, NC 27695-7625.

a culture could eliminate the need for purging to prevent bloater
formation.

M ATERIALS & METHODS
Cucumber brining

Fresh pickling cucumbers, size 2B (3.5-3.8 cm diameter) or 3A (3.8—
4.4 cm) were washed in either a reel washer (laboratory experiments) or
brush washer (pilot tank experiment). They were fermented by two dif-
ferent treatments, blanched, nc salt (BNS), and salt, not blanched (SNB),
(Fig.
for laboratory experiments ard in a heated water flume for the pilot

1). Cucumber blanching was done in a water-jacketed steam kettle

experiment. Unless otherwise specified, blanching was 3 min at 77°C.
The cucumbers were packed into 3.8 L jars with expansion reservoirs
1973),

of the container volume. All laboratory fermentations were

(Fleming et ah.
55 to 60%

19 L pails, or 4,428 L fiberglass tanks to occupy

duplicated, and data reported are averages of duplicates. Pilot-scale fer-
mentations were not duplicated. The pilot tanks and related cucumber
1983).
brines consisted of either calcium acetate buffer (to equilibrate with cu-

handling methods were as reported (Fleming et ah, The cover
cumbers to 0.053 M acetic acid and 0.018 M calcium), as previously
described (Fleming et ah, 1988),
notes to tables). The nitrogen purging rate was 25 mL/min for jars and

and/or other components (noted in foot-

400 mL/min for pilot tanks when purging was applied.

CUCUMBER FERMENTATION
FLOW CHARTS
BLANCHED, SALT,

NO SALT (BNS) NOT BLANCHED (SNB)

Cucumbers Cucumbers

Blanch (77°C, 3 min) Pack
i 1
Pack Cover Solution
(Buffer, 4% NacCl)
1 |

Cover Solution Inoculate

(Buffer, No Salt)

i 1

Inoculate Ferment

1
Ferment

Fig. 1—Flow diagram for two procedures used for fermentation
of cucumbers. The calcium acetate buffer (pH 4.7 £ 0.1) indicated
in the cover solutions contained acetic acid and calcium hydrox-
ide to attain concentrations, after equilibrium with cucumbers, of
53 and 18 mM, respectively.
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Table 1—Effect of BNS and SNB treatments on cucumbers fermented by MDC

Final brine composition

Cucumber

treatments l\;l;lcljc

Culture Blanched Salt pH (mM)
MDC - + 35 0.3
+ - 3.6 4.9
MDC- - - 3.7 12
+ 3.5 6.2
MDC* - + 35 24
+ - 3.7 2.2

Lactic

(mM)

109
124

121

and MDC' cultures of L. plantarum

Cucumber quality

Residual Firmness

acid sugar co02 Bloater FPT
(mM) (mg/100 mL) index (kg)

120 4 78c 22a 9.8a

1 62d Ob 9.6a

1 114a 27a 9.5a

103 n 48ec 1b 10.0a

1 76¢ 22a 9.1a

129 1 91b 4b 9.6a

z Size 3A cucumbers (2081g) were blanched (3 min, 77°C) or unblanched and packed into 3.7L jars and covered with calcium acetate buffer with or without NaCl as noted.
Analyses were made after incubation at 26°C for 1 month. Letters within columns designate statistically signifies it differences (P <0.051. BNS = blanched, no salt; SNB = salt,

not blanched.

Microbial cultures

Microbial cultures included L dantarumw SO (MDC )and a mutant,
M 6, from that culture that did not produce CO, from lactic acid (MDC )
(Daeschel et al., 1984; McDonald et al, 1993). The lactic acid bacteria
(LAB) were introduced at a rate of lOVmL of brined cucumbers. Brines
were inoculated after brine was added to the cucumbers in laboratory
fermentations and before brine was added to cucumbers in pilot-scale
fermentations. The L dantanJm(M DC ) culture was prepared as a fro-
zen concentrate by Chr. Hansen’s Laboratory (Milwaukee, W1) under a
1987). The other
culture was grown overnight in cucumber juice broth containing 0.018
M calcium acetate and 2% NaCl (McDonald et al, 1993).

sub-license agreement for a patent (Daeschel et al,,

Microbial analyses

General procedures for enumeration of microorganisms were de-
scribed by Fleming et al. (1992a). Media included standard methods agar
(PCA, BBL Microbiology Systems, Cockeysville. MD) for aerobes, vi-
olet red bile agar (BBL) + 1% glucose (VRBG) for Enterd)a:tenm
MRS broth (Difco Laboratories, Detroit, MI) + 15% agar + 0.02%
sodium azide (MMRS) for LAB, and standard methods agar (BBL) +
0.1 mg/mL of chlortetracycline HC1 + 0.1 mg/mL of chloramphenicol
for yeasts (YM). All pour plates were duplicated and incubated at 30°C.
Microbial colonies in VRBG plates were enumerated after 24 hr, PCA
and M MRS plates after 48 hr, and YM plates after 72 hr.

A total of 100 colonies was isolated from M MRS plates of each pilot
fermentation at each sampling time for the purpose of determining per-
centages of LAB that were malate-negative. lIsolated colonies were
picked and inoculated into individual microtiter wells containing MD
broth (Daeschel et al.. 1984). Growth in this broth allows differentiation
between M DC’ and MDC- cultures and has previously been used to
determine predominance of the M DC- culture under laboratory condi-

tions (McDonald et al., 1993).

Chemical analyses

M alic, lactic, acetic, propionic, and butyric acids and ethanol, man-
nitol, glucose, and fructose were measured in fermentation brines using
chromatography (HPLC) (McFeeters et al.,
1984). An Aminex HPX-87H column (Bio-Rad Laboratories, Richmond,
CA) with a cation guard column was used for separation of acids, and
an Aminex HPX-87C column (Bio-Rad) with cation and anion guard

high performance liquid

columns was used for separation of sugars. A refractive index detector
was used for quantification of sugars, and a UV detector (210 nm) was
used for quantification of acids. In order to detect malic acid using
HPLC, reduction of fructose in the sample was necessary. The procedure
of McFeeters et al. (1993) was used for fructose reduction. CO. was
determined according to the method of Fleming et al. (1974). Glucose
and fructose concentrations in raw cucumbers were determined by blend-
ing four lots of four cucumbers each and determining the average values

for the 4 composite blendings.

Product evaluation

Bloater damage (expressed as bloater index. i.e, relative proportion
of tissue damaged) and visual cure of the cucumbers were determined
as reported (Fleming et al., 1977). Firmness of the cucumbers was de-
termined with a USDA Fruit Pressure Tester (FPT) with a 0.79 cm tip
and expressed as kg force (Bell et al., 1955). Since cucumbers were
severely bloated in some treatments, firmness of all fruit was determined

after they had been longitudinally sliced. Thus, the procedure was to

slice the fruit first for bloater evaluation, and then to test firmness of 20
unbloated fruit halves. A comparison of firmness of whole vs half fruit
(50 of each) was made on unbloated fruit from the middle section of the
SNB pilot tank. The firmness means were 6.8 kg for halfand 7.2 kg for
whole fruit. This 04 kg difference in firmness was not significant (P
>0.23).

Statistical analyses

The General Linear Model Procedure of SAS (SAS Institute, Cary,
NC)

design for the pilot tank experimentwas a nonreplicated complete block,

was used to compute all statistical inferences. The experimental

while the laboratory experiment was a duplicated complete block.

RESULTS
Laboratory fermentation of cucumbers

The effects of the BNS and SNB treatments (Fig. 1) of cu-
cumbers on fermentation by MDC and MDC* strains of LAB
were tested under laboratory conditions. The cucumbers fer-
mented normally by both cultures and under both brining treat-
ments. However, cucumbers fermented faster in the absence of
salt and when blanched, as was expected. The fermentations
were completed after 1 mo, as evidenced by absence of sugars
and cessation of acid production, at which time chemical com-
positions and product quality were determined (Table 1). The
residual sugar in the brine had been reduced to 1-11 mM from
a calculated initial concentration of 129 mM in the raw fruit.

The fermentat.on brines were not purged, thus the CO, con-
centration was permitted to increase to a maximum. In the SNB
treatment, the CO, concentration by both the MDC* and MDC-
strains was similar (76 vs 78 mg/100 mL, respectively). In the
BNS treatment, however, the CO, concentration was notably
higher in cucumbers fermented by the MDC*, as compared to
the MDC- strain (91 vs 62 mg/100 mL). The higher concentra-
tion of lactic ac.d with the MDC* strain (129 mM) than with
the MDC- strain (109 mM) was consistent with expectation,
since lactic acid is an end-product of malate decarboxylation.
However, difference in CO. concentration could not be ac-
counted for on the basis of malate decarboxylation since the
difference in res.dual malate concentrations between MDC* and
MDC strains was only 2.7 mM for the BNS treatments (Table

1).

)The highest concentration of CO. (114 mg/100 mL) was
reached when the cucumbers were not heated and no salt was
added (MDC- control treatment). The lowest concentration of
CO, (48 mg/100 mL) was reached when the cucumbers were
blanched and salt was added (MDC control treatment). The
MDC culture did not appear to predominate the SNB fermen-
tations in our results. Breidt et al. (1992) showed predominance,
as evidenced by high residual malate concentration and differ-
ential enumeration of MDC- and MDC- LAB. Differences in
concentrations of natural MDC- LAB in the two studies were
probably responsible for these differences.

Bloater damage in fermented cucumbers was slight when cu-
cumbers were fermented by BNS treatment, though they were
fermented by tie MDC* culture, and the CO, concentration
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FERMENTATION OF CUCUMBERS . ..

Table 2—Chemical changes of cucumbers fermented by the BNS and SNB procedures by L plantarum (MPC ) in pilot tanks3

Blanched, no salt (BNS)

Fermentation Malic Titratable
time Cc02 acid, acidity
(days) (mg/100 mL) (mM) pH (%)
0 - 00 49 0.35
1 9 11 4.8 0.35
2 67 0.8 4.3 0.39
3 108 00 40 0.76
4 119 00 3.9 0.87
6 150 00 39 1.04
8 106 00 3.8 0.99
Purging startedb
10 4 0.0 3.8 0.98
16 34 00 3.7 1.06
30 12 00 3.7 101

Salt, not blanched (SNB)

Malic Titratable
Sugar co2 acid acidity, Sugar
(%) (mg/100 mL) (mM) pH (%) (%)
0.00 — oc 47 0.39 0.00
0.01 8 0.0 4.7 0.39 0.01
0.25 43 4.0 49 0.25 0.40
0.15 50 9.4 45 0.33 0.46
0.03 68 31 46 0.32 0.46
0.01 122 0.9 39 0.73 0.39
0.01 101 00 3.7 0.87 0.29
0.01 58 0.0 3.7 0.88 0.24
0.01 30 0.0 3.6 101 0.09
— 10 00 35 1.07 —

3Size 2B cucumbers were fermented in 4,428L pilot tanks. Calcium acetate buffer with or without salt was added as cover liquor at 40% volume of the tank contents. Salt,

when added, equalized at 4.4%. Blanching was for 3 min at 77°C.

b Purging with nitrogen was started after 8 days at a rate of 400 mL/min. The fermentations occurred at ambient temperature (abojt 26°C).

reached 91 mg/100 mL (Table 1). No bloater damage was evi-
dent in cucumbers fermented by the BNS treatment with the
MDC~ culture. Bloater damage was severe in cucumbers fer-
mented by SNB treatment, whether fermented by MDC+ or
MDC- culture (Table 1).

Firmness of cucumbers from all treatments was excellent.
There were no statistically significant differences among any of
the treatments (P > 0.05). Since some of cucumbers were
bloated, firmness determinations were made on cucumber halves
from fruit that had not bloated.

The pH of brines from the various fermentations ranged from

conditions. The bloater index was relatively high for the BNS
treatment compared to the SNB treatment in pilot tanks (Table
3). The index was greater in the top than the middle section,
consistent with previous results (Fleming et al., 1977). Also,
visual cure was greater in the middle section, as reported pre-
viously. Cucumbers were firmer in the SNB than BNS treatment,
and the firmness was maintained over a storage period of 7 mo.
Firmness was significantly lower (P < 0.05) in the BNS than the
SNB treatment 1 mo after brining, and after 7 mo the firmness
had diminished to an unacceptable level.

In contrast, firmness of BNS and SNB cucumbers was similar

3.5 to 3.7. There was no evidence of propionic and butyric acids when fermented under laboratory conditions (Table 3). How-

or propanol. The products had desirable aromas, with no evi-
dence of fermentation by undesirable microorganisms.

Pilot fermentation of cucumbers

Cucumbers were fermented in 4,428-L fiberglass tanks by the
BNS and SNB treatments, using the L. plantarum MDC~ culture
(Table 2). The CO, concentrations reached 106 and 101 mg/100
mL for the BNS and SNB treatments, respectively, after 8 days
(Table 2). This was considerably higher than that reached in
laboratory fermentations for the MDC~ culture after 1 mo (Table

ever, there was a slight reduction in firmness of BNS cucumbers
after storage for 12 mo, while there was a slight increase in
firmness of SNB cucumbers after 12 mo. The BNS cucumbers
had no bloater damage after 1 mo, while SNB cucumbers were
slightly bloated.

DISCUSSION

Results of this study indicate that successful fermentation of
cucumbers in the absence of added sodium chloride may be
possible. Under laboratory conditions, fermented cucumbers of

1) . Since purging of brines by nitrogen was not begun until after good quality were obtained in the absence of added salt, pro-

8 days, the CO, concentration was an accumulation until that
time, and indicated that microorganisms other than the L. plan-
tarum MDC~ culture were active. After 30 days, no fermentable
sugar remained in the brine, and the titratable acidity (calculated
as lactic) had reached 1.01 and 1.07%, respectively, for the BNS
and SNB treatments. The total fermentable sugars (glucose and
fructose) in the raw cucumbers was 117 mM. The brine pH for
the SNB treatment was 3.5 and for the BNS was 3.7. There was
no evidence of butyric acid in brines of either treatment.
Microbial changes during fermentations were followed (Fig.

vided the fruit were blanched prior to fermentation (BNS treat-
ment). Under pilot-scale conditions, however, cucumbers
fermented in the absence of salt were notably less firm after
fermentation, and the quality deteriorated greatly during storage
of 7 mo. Microbial recontamination after blanching was prob-
ably responsible for the lesser quality of cucumbers fermented
by the BNS procedure under pilot-scale conditions. For the BNS
procedure to be successfully applied on a commercial scale,
more aseptic procedures may be required. The U.S. pickle in-
dustry currently is not structured to implement highly aseptic

2) . As in the laboratory study, the cucumbers fermented more procedures in the handling of fresh cucumbers for brine-stock

rapidly in the BNS than in the SNB treatment. The numbers of
LAB and total aerobes were nearly identical throughout the first
15 days of SNB fermentation. By comparison, total aerobes
were slightly and consistently higher in numbers than LAB dur-
ing the same period in the BNS fermentation (Fig. 2). We did
not determine the reason for this difference, or if the bacteria
that grew on the total aerobe plates were actually LAB that
failed to grow on the MMRS medium, or were non-LAB. An
initial 2-log cycle reduction occurred in Enterobacteriaceae
count of the BNS, as compared to the SNB-treated cucumbers.
Yeast counts were higher in the BNS than the SNB treatment,
but never exceeded 1,000/mL and trended lower in both fer-
mentations after about 5 days.

Quality of fermented cucumbers was evaluated after 1and 7
mo storage in the pilot tanks (Table 3). For comparative pur-
poses, cucumbers taken from the same lot fermented in the pilot
tanks were also fermented in 19-L plastic pails under laboratory

storage.

The BNS procedure provides the potential advantage of elim-
inating the need for purging to prevent bloater damage. Cucum-
bers blanched before fermentation by the MDC~ L. plantarum
culture did not bloat under laboratory conditions, whether salt
was present or absent. Heating may have inactivated microor-
ganisms or enzymatic activity of the cucumber tissue itself. Fur-
ther studies are needed to establish minimum heating
requirements to prevent bloater formation without purging. It is
likely that microbial inactivation is important since heated cu-
cumbers bloated under pilot conditions where conditions were
less aseptic.

An obvious advantage of BNS treatment was the removal of
indigenous microorganisms and the possibility of controlled fer-
mentation by added microorganisms with desirable traits. The
addition of and predominance by the L. plantarum MDC cul-
ture under laboratory conditions exemplified one type of con-
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Fig. 2—Muicrobiological changes in cucumbers fermented in pilot tanks by two different procedures. The numbers that appear under
data points for lactic acid bacteria refer to percentages of bacteria determined to be malate-negative. Microbial counts below log
CFU/mL of 2 were estimates since the numbers of colonies per plate sometimes were <25.

Table 3—Quality of cucumbers fermented in pilot and laboratory fermen-
torsx

Brining treatment

Firmness
Storage FPTY Cure2 Bloater
time (kg) (%) index
Fermentar (months)  BNS  SNB BNS  SNB BNS SNB
Pilot
Top 1 7.1b  8.4a 60 70 29.0b 3.2
Middle 7 TS 8.3a 85 75 39.8a  10.0cd
1 6.6b 8.la 100 98 18.3C 1.5d
7 40C 84a 100 95 7.8d 1.6d
Laboratory 1 7.6b  7.5b 50 55 0.0d 135
12 6.7b  8.2a 58 100 6.6d 4.4d

x Size 2B cucumbers, from the same lot, were fermented in 4,428L fiberglass, pilot tanks
at a commercial firm, or in 19L plastic pails under laboratory conditions. Letters within
firmness or bloater groupings designate statistically significant differences P <0.05).

VBNS = blanched, no salt; SNB = salt, not blanched brining treatments; TS = too soft
to determine firmness (<1.4 kg).

2Cure % was determined by subjective evaluation of entire lots and was not amenable
to statistical analysis.

trolled fermentation. By elimination of purging requirements,
economic disadvantages of the BNS system could be at least
partially offset.

Clostridia have been shown to cause spoilage in acidified
foods (Segmiller and Evancho, 1992). Even in fermented cu-
cumbers, Clostridium tertium grew and contributed to the bu-
tyric spoilage of fermented cucumbers (Fleming et al., 1989).
In that case, the cucumbers had been fermented to pH 3.7, and
the acidity was 1% (as lactic acid). However, the salt concen-
tration was only 2.3%, less than half the concentration used in
commercial fermentations. Thus, further research is needed to
determine the likelihood of spoilage of salt-free, fermented cu-
cumbers by clostridia and other bacteria, and alternatives to salt
for assuring microbial stability after fermentation and during
extended storage. Addition of HC1 to lower the brine pH to 3.3-
3.5 after fermentation has been shown to provide the potential
for microbial stability of brined cucumbers at 4% NaCl (Fleming

etal., 1992b). Textural stability was reduced at lower pH values,
but remained acceptable at pH 3.3-3.5
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Fermentation of Lye-treated Carrots by
Lactobacillus plantarum

A. DE CASTRO, L. REJANO, AH. SANCHEZ, and A. MONTANO

ABSTRACT

Sodium hydroxide treatment of peeled and trimmed carrots was inves-
tigated to rid them of natural epiphytic microflora that interferes with
fermentation. It also formed a buffered brine by subsequent neutraliza-
NaOH) and
three treatment times (1, 15 and 30 min) were evaluated. Inoculation of

LaCtObaCI"US dantaruminto NaOH-treated carrot brines resulted in a

controlled fermentation yielding lactic acid almost exclusively.

tion with acetic acid. Two lye concentrations (1% and 2%

Percent
carbon recovery varied from 83.7 to 148.3. More than 92% of available
glucose and >85% fructose, but <13% sucrose, were utilised after 7
days fermentation. Texture and surface color (L*) of fermented NaOH -
0.05) by NaOH

treatment time. The product flavor was not adversely affected by alkaline

treated carrots were affected (p < concentration and

treatment.

Key Words: carrots, fermentation, Lactobacillus, sodium hydroxide, lye
treatment

INTRODUCTION

Carrots have been subjected to lactic acid fermentation with
good retention of color and texture, and the salt-sour flavor typ-
ical of fermented vegetables (Niketic-Aleksic et al., 1973).
Starter cultures were useful to control the process and obtain
more uniform products with good quality (Buckenhuskes, 1993).
Fleming et al. (1983) used a prior pasteurization treatment to
eliminate natural microflora and to thereby, favor establishment
of the inoculum. Prior treatment did not have negative effects
on sensory characteristics of fermented carrots (Rejano et al.,
1994). However, it is rather costly to carry out, which would be
a disadvantage on an industrial scale (Daeschel et al., 1987).
Sodium hydroxide is widely used in processing vegetables for
food. Its applications in chemical peeling of tomatoes and pep-
pers (Anonymous, 1987), and for elimination of bitter flavor of
green olives (Femandez-Diez et al., 1985) etc., are well known.
Sodium hydroxide solutions have disinfectant properties (Har-
per, 1980) and this probably explains how pure culture fermen-
tation was achieved in “ Spanish style” green olives inoculated
with starter Lactobacillus plantarum without prior thermal treat-
ment (Montano et al, 1993). Treatment of vegetables with
NaOH prior to placing them in brine may, therefore, be a useful
alternative to pasteurization, to achieve controlled fermentations.
Subsequent neutralisation of the NaOH by acid added to the
brine could result in formation in situ of a buffer. This could in
turn produce a greater utilisation of fermentable material (Flem-
ing et al., 1985). Given that the pectic substances are unstable
in alkaline conditions (Codner, 1971) another possible advan-
tage may be a decrease in texture. This would be an advantage
if a product with softer texture than the raw material was re-
quired (e.g. for elderly consumers and/or those with dental prob-
lems, for dressings with a range of dishes, etc.).

Our objective was to determine the effects of different NaOH
treatments on fermentation of carrots inoculated with a pure cul-
ture of L. plantarum and on sensory characteristics of final prod-
ucts.

The authors are affiliated with Instituto de la Grasa (C.S.1.C.) Apar-
tado 1078, 41012 Seville, Spain.

MATERIALS & METHODS
Carrots

Fresh carrots (cultivar “ Nantesa” )were obtained from a local market.
The carrots were peeled, washed with tap water and cut into pieces of
transverse section «=4 X 8 mm 15— 25 mm,

and of length using a

domestic electrical appliance.

Alkaline treatment and brining

The experiments were earned out in duplicate in =2 L jars containing
900g of carrots and 900g of liquid (NaOH solution or brine). Two con-
centrations of NaOH were studied: 0.96% and 1.92% (w/v).
15 and 30 min. Im-
mediately after treatment the alkaline solution was removed and brine
was added (5%
acid in amounts equivalent— on a molar basis— to the quantity of NaOH
absorbed by the carrots. Two replicate jars were left as controls. These

For each
concentration three treatment times were tested: 5,

NaCl, w/v). The brine was acidified with glacial acetic

contained brine without previous alkaline treatment nor acidification.
Two hours after brine addition, while the pH of the samples was 5 to 7,
all jars were inoculated with starter culture. LaCtObaC"IUSpIantanJm LP
91 from the Instituto de la Grasa culture collection, originally isolated
from green olives fermenting brine, was used as starter culture. This was
grown overnight at 32°C in MRS broth (Oxoid) containing 3% NaCl.
Cells were harvested by centrifugation, washed and resuspended in sa-
line. The initial population was 2 X 106 CFIlJ/mL/jar, after inoculation
of 1.7 rnL of resuspended culture into each. A sterilized plastic bag was
placed over the surface of each jar and distilled water was added to
reduce risk of contamination and avoid contact with air. Fermentation
was carried out in a room maintained at 25°C.

Buffer capacity

The buffer capacity 3 of a solution at any point on the pH scale is
1975). Assuming

buffer capacity of the system (carrots in brine) was only due to the buffer

given by Van Slyke’s formula (Pino and Valcarcel,

formed by added acetic acid and its conjugate base, the maximum buffer

capacity pm, can be approximated by the formula:

(Bn = 0.575 C,

This
concentration was calculated assuming that carrots had a moisture con-
tent of 88% 1991).

where C, is the normal concentration of acetic acid in each jar.

(Feinberg et al.,

Sampling

Samples of brine from each jar were taken at 1, 2, 3, 4 and 7 days
for microbiological analyses and determinations of pH and titratable
acidity. Samples of carrots were taken at three times during processing:
prior to alkaline treatment, after alkaline treatment and 7 days after brin-
ing. Samples (50g) taken before brining were mixed with an equal
weight of 5% NaCl brine and homogenized using a mixer. Subsequently
the solid part was separated by centrifugation at 16,000 X g and 4°C
for 15 min using a Sorvall RC-5 superspeed refrigerated centrifuge (Du
Pont Instruments, Newton, CT). The supernatant was frozen until anal-
ysis by GC and HPLC. Fermented samples were treated in a similar
manner except they were mixed with the corresponding fermentation

brines.

Microbiological analyses

Brine samples and their decimal dilutions were plated using a Spiral
System model DS (Interscience, Saint Norn La Brelcche, France). En'
termlena:eaewere counted on Crystalviolet neutral-red bile dextrose
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Fig. 1—Changes in pH and acidity (% as lactic acid) of brine dur-
ing fermentation of carrots. (Means of duplicate fermentations.
Coefficients of variation were: pH, 0.5% and acidity, 2.8%.)

Table 1—Lye concentrations before and after alkaline treatment and max-
imum buffer capacity (pmax) of brine due to added acetic acid

sample NaOH (%)
(« % lye-minutes) Initial Final3 Rmax”
15 0.96 0.68 0.021
1-15 0.96 0.52 0.033
1-30 0.96 0.52 0.033
2-5 1.92 1.36 0.043
2-15 192 1.20 0.055
2-30 192 1.04 0.067

ameans of duplicate treatments.

bPmax = 0.575 Ct, where Ct is the normal concentration of acetic acid added in each
jar assuming carrots have moisture content 88%. Native buffer systems for carrots
not considered in calculation of maximum buffer capacity.

Table 2—Substrate concentrations before and after alkaline treatment
NaOH-treated samples3

Compound (mM)b carrots 15 1-15 130 25 215 230
Sucrose 444 436 383 354 427 345 310
Glucose 272 272 200 200 228 211 178
Fructose 28.3 278 206 206 228 211 172
Malic acid 5.2 45 3.7 3.7 45 3.7 3.0

aMeans of duplicate treatments, % lye-minutes.
b Concentrations in carrots/cover brine mixture (50/50, w/w).

agar (Merck); lactic acid bacteria on MRS agar (Oxoid) and yeasts on
O xytetracycline-gentamycin-glucose-yeast extract agar. Plates were in-

cubated at 32°C for 48 or 72 hr.

Chemical analyses

The pH of brines was measured using a Crison 510 pH meter (Crison
Instruments, S.A., Barcelona, Spain). Acidity was determined by titrating
to pH 8.3 with 0.2N NaOH. Sodium hydroxide concentrations were de-
termined by titration with 0.2N HC1 with phenolphthalein indicator.

Sucrose, glucose, fructose and mannitol were analyzed by HPLC. The
system consisted of a Hew lett-Packard Series 1050 liquid chromatograph
equipped with a Rheodyne 7125 injector and a column heater, a Perkin-
Elmer Model LC-25 index detector and
Model 3396 Series Il An Aminex HPX-87C
analysis column (Bio Rad Labs) held at 85°C was used. Deionized water

refractive a Hewlett-Packard

integrator. carbohydrate
was used as eluent at 0.7 mL/min. Samples (1 mL) were desalted by
adding 2g of a mixed anion/cation resin (Serdolit MB-3, Serva Feinbi-
ochemica Gmbh & Co.,
been washed with deionized water and then dried under vacuum to re-

Heidelberg, Germany) which had previously
move excess water. An internal standard (1 mL 0.1% sorbitol) was also
added for quantification by the internal standard method. Samples were

shaken occasionally during a 60 min desalting period. A sample («=1

LOG CFU/mL

1 0 1
- NaOH-trfated

-~—(L\O
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I
Control
8

€
6 —
5 1-5
YEASTS Control
4+ 2-5
~ 0 1-30
// / 2-15

I Y 1-15
’ / % 2-30

0 1 2 3 4 5 6 7 8 9
FERMENTATION TIME (DAYS)

Fig. 2—Changes in L. plantarum LP91 and yeast counts in brine
during fermentation of carrots. (Means of duplicate fermenta-
tions, except for L. plantarum LP91 growth curve of NaOH-treated
samples where each point represents the mean of all samples.
Coefficients of variation were: L. plantarum, 14.4% and yeasts,
90.8%.)

mL) of the solution was centrifuged at 11,600 X gfur 10 min and 20
pL were injected into the chromatograph.

Organic acids were also analyzed by HPLC using a Spherisorb ODS-
2 (5 pm, 25 cm X 4 mm
The mobile phase was 0.2M KH2P 04, with pH adjusted to 2.4 using
concentrated H ,P04, at 1.0 mL/min. diluted 1:5 with

deionized water and then 5 pL concentrated H , P04 were added to ensure

i.d., Teknokroma, Barcelona, Spain) column.
Samples were

that organic acids were in the protonated form. An aliqguot (20 pL) was
injected into the chromatograph after centrifugation at 11,600 X gfor
15 min. Concentrat:ons were calculated by comparison of peak heights
with those of external standards for each compound.

Ethanol and methanol were analyzed using the headspace method de-
scribed by Montane et al. (1990).

Quality evaluation

Texture was measured using a Kramer shear compression cell coupled

to an Instron Universal Testing Machine Model 1011. The cross head
speed was 200 mnVmin. Firmness of carrots in each jar was expressed
as the mean of 10 replicate measurements. Each was performed on 2
pieces of carrot (total weight, 2.5g). Shear compression force was ex-
pressed as N/g of product.

Colorimetric measurements were carried out using a Color-View spec-
trophotometer (BY K-Gardner, Inc., Silver Spring, MD) with a measure-
ment area of 11 m:n diameter, 45° circum ferential illumination and an
observation angle of 0°. The apparatus was previously calibrated with a
white standard (L* = 98.80, a* = "0.01, b* = -0.08). All measure-
ments were done on the L*a*b* scale (CIE 1976)

conditions CIE type C, 10° observer. Results were expressed as the mean

using illuminating

of five replicate measurements. Each was performed on one piece of
carrot, avoiding the yellowish core.

Sensory evaluation of flavor preference was carried out by a 15-mem -
ber taste panel. Each panelist assigned a number, 1, 2 or 3, to indicate
1st, 2nd or 3rd preferences. The numbers were compared with tables

(Kramer and Twigg, 1970) to determine significance.

Statistical analyses

Statistical analyses of variance were carried out using the SPSS com -

puter program (Norusis, 1985).

RESULTS & DISCUSSION
Effect of alkaline treatment on fermentation substrates

The concentration of NaOH in the lye decreased with time of
treatment until it reached equilibrium (Table 1). For 0.96% and

Volume 60, No. 2, 1995—JOURNAL OF FOOD SCIENCE—317



FERMENTATION OF LYE-TREATED CARROTS. ..

Table 3—Fermentation effects 7 days after inoculation3

Substrates remaining (mM)b

Sample
(= % lye-min) Sucrose Glucose Fructose
15 38.2 (87.6) 1.8 (6.5) 3.3 (11.9)
115 36.2 (94.5) 15 (7.4) 29 (14.2)
1-30 32.9 (92.6) 15 (7.5) 2.9 (14.5)
2-5 40.3 (94.8) 0.8 (3.4) 2.3 (10.1)
2-15 32.3 (93.7) 0 (0) 19 (9.3
2-30 33.8 (100) 0 (0) 16 (9.1)
Control 39.4 (88.8) 6.9 (25.2) 8.3 (29.2)

Products formed (mM)c

Carbon
Lactic acid Acetic acidd Ethanol ree. (%)e

99.4 1.8 (43.3) 4.3 83.7
92.1 2.7 (60.0) 15 111.7
93.6 6.3 (63.3) 11 114.2
112.6 3.8 (78.3) 17 117.8
116.2 5.2 (101.7) 11 130.5
100.9 5.5 (115.0) 0 148.3
88.4 6.0 (8.3) 51.7 136.5

3 Values are means of duplicate samples and are obtained in the carrots/fermentation brine mixture (50/50, w/w).

b Substrate remaining = percentage of that present before fermentation in parentheses.
¢ In control, mannitol (1 mM! was also detected.

d Net increase in acetic acid aver that present before inoculation. Total concentration in parentheses.
e Conversion of sugars and malic acid to fermentation products. Although CO2 was not measured, we assumed that 1 mole CO2 was produced for each mole of ethanol

formed and that 1 mole CC2 was produced for each mole of malic acid degraded.

Table 4—Texture and color of carrots3 before and after fermentation

Texture (N/g)b
Colorb after 7 days

Sample Before After 7
(= % lye-min) fermentation0 days L* a* b*
15 NDd 79.7 50.7 25.9 39.1
1-15 ND 64.2 50.9 29.3 40.3
1-30 51.2 58.6 48.9 275 38.7
2-5 ND 57.4 49.9 24.0 38.2
2-15 ND 53.5 494 26.5 37.8
2-30 28.8 417 46.0 23.2 339
Control — 104.3 511 26.3 39.1

3 Measurements in raw carrots were: texture = 114.5 N/g, L* = 55.0, a* = 29.8 and
b* = 44.2.

b Means of duplicate samples.

¢ Analysis carried out immediately after alkaline treatment.

d ND = Not determined.

1.92% NaOH, equilibrium was reached between 5 and 15 min
and between 15 and 30 min, respectively. The equilibrium value
was in accordance with a simple dilution, assuming the moisture
content of the carrots was 88%. As a result of treatment, a some
of the fermentable material in the carrot was eliminated (Table
2). Particularly, in sample 2-30, 30— 40% of the substrate ini-
tially present was eliminated. Acetic acid was detected in the
carrots after each alkaline treatment at a concentration in the
vegetable/brine mixture, of 5— 7 mM. Montano et al. (1993)
reported a similar finding in “ Spanish style” green olives. An-
other compound formed as a result of alkaline treatment was
methanol. The concentration of methanol in the vegetable/brine
mixture was very similar in the different treatment groups and
was between 9 and 13 mM. Presumably the NaOH caused sa-
ponification of the ester groups of the pectins in the carrots,
with liberation of methanol (Van Buren and Pitifer, 1992). Citric
acid, which can be metabolised by L. plantarum (Hugenholtz,
1993), was found in very minor quantities in the raw material
(0.5 mM in the vegetable/cover brine mixture). Its concentra-
tions were practically the same after alkaline treatment.

Fermentation

The different amounts of acetic acid added to neutralize the
amount of NaOH absorbed by the carrot tissue gave rise to
notable buffering capacities (Table 1). Titratable acidity values
were higher in the NaOH treated samples in comparison with
the unbuffered control (Fig. 1). The higher the prma value, the
higher was the pH value during fermentation.

The growth of L. plantarum was similar in all NaOH-treated
carrots, reaching up to 5.3 X 109 CFU/mL 48 hr after inocula-
tion. The maximum population was slightly lower in the control,
probably because the pH in this decreased at a faster rate (Fig.
2). Enterobacteriaceae were only detected in the control at 24
hr (2.7 X 105CFU/mL). Carrots harbor an epiphytic microflora
including ca. 105CFU Enterobacteriaceae/g, which remains for
3— 4 days during spontaneous fermentation in brine (Anders-
son et al., 1990; Rejar.o et al., 1994). Our results indicated that
a proper inoculation reduced this population without eliminating

it completely, whereas the lye treatment followed by inoculation
eliminated it. The additional effect of acidification on this group
of microorganisms should not be underestimated, however
(McDonald et al., 1991). The process was partially effective in
controlling the yeast population. This population was always
higher in the control, although growth occurred in all samples.
At day 4 yeast counts were 2.8 X 106 CFU/mL in the control,
2.9 X 105in sample 1-5 and <4.3 X 102 in the other samples.

The concentrations of substrates and final products at 7 days
fermentation were compared (Table 3). Consumption of sucrose
was rather low. The presence of the buffer provoked a greater
consumption of sugars in samples treated with NaOH than in
controls, although in no sample were the sugars totally meta-
bolised (except glucose in samples 2-15 and 2-30). The presence
of residual sucrose after fermentation by L. plantarum can give
rise to a secondary fermentation by yeasts in the packed product
(Fleming et al., 1983). Thus, the use of some preservation
method (pasteurization, additives) is necessary to achieve long-
term stability. Malic and citric acids, although present in much
smaller quantities than the sugars, were totally degraded in all
samples. Lactic acid was the major product formed and acetic
acid, although in very small amounts (<8 mM) was found in
all samples. This contrasts with results of Fleming et al. (1983),
who detected relatively high concentrations of acetic acid (=* 100
mM) in carrots subjected to a pH-controlled fermentation with
L. plantarum. In our study levels of ethanol in samples treated
with NaOH (<5 mM) were notably lower than in the control
(>50 mM). This illustrated the higher levels of yeast growth in
the control throughout fermentation. Another product found in
the control, although in small amounts (1 mM) was mannitol.
The presence of this compound could be an index of growth of
heterofermentative lactic acid bacteria (Fleming et al., 1985).
Mannitol is a major product of fermentation (>54 mM) in car-
rots fermented spontaneously (Rejano et al., 1994). It was also
detected by Andersson et al. (1990) in carrots inoculated with
L. plantarum without treatment prior to inoculation.

Carbon recovery (Table 3) was 84% in sample 1-5, indicating
that a portion of the substrates were transformed into compounds
that were not measured. In the remaining NaOH-treated samples
the carbon recovery values exceeded 100%. They were higher
in those which received a stronger treatment (2-15 and 2-30).
We hypothesized that part of the cell wall material, degraded as
a result of alkaline treatment, was metabolised by L. plantarum
with the production of lactic acid. In the control sample the other
microorganisms that grow would contribute to the balance of
fermentation. We could not explain the reasons for the high
percentage recovery obtained.

Product quality

The determination of texture in samples 1-30 and 2-30, im-
mediately after alkaline treatment, showed a marked decrease in
texture in comparison with the raw material (Table 4). The
greatest decrease occurred in sample 2-30. A degree of recovery
of texture occurred in these samples after addition of brine. Ji-
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menez (1993) reported a similar effect in “ Spanish style” green
olives. After 7 days fermentation the decrease in texture values
varied between 30% and 64% compared with the raw material.
In the control at the same time the decrease was only 8%. Anal-
ysis of variance on texture values showed a significant effect (p
< 005) of NaOH concentration and treatment time. Note that
the panelists, in general, considered the texture acceptable in all
samples even in that with the poorest texture. Losses of firmness
in NaOH-treated samples may be attributed to pectin depoly-
merization due to alkaline treatment. (3-elimination splitting of
the glycosidic bonds of pectin would be rapid at room temper-
ature in alkaline conditions (Van Buren, 1979).

Alkaline treatment and fermentation caused a decrease in lu-
minosity, L*, of the carrots and a decrease in the color para-
meters a* and b*. i.e. the product was less red and less yellow
(Table 4). Analysis of variance on the colorimetric parameters
at 7 days, showed a significant effect (p < 0.05) of NaOH con-
centration on L* and b*, while treatment time was only signif-
icant for L*.

Ir. relation to flavor, the carrots treated with NaOH were gen-
erally well accepted by panelists. No differences (p < 0.05)
occurred between samples treated with 1% NaOH or those
treated with 2% NaOH. However, sample 1-15 was significantly
preferred over the control. Higher amounts of acetic acid in
samples treated with NaOH than in the control could have a
positive effect on flavor. High volatile/nonvolatile acid ratios
had a favorable effect on flavor of fermented cucumbers (Juhasz
et al,, 1974).

CONCLUSION

Alkaline treatment Of peeled and cut carrots, followed by
brine treatment with neutralization of excess NaOH (acetic acid)
and inoculation with pure L. planiarum was adequate for con-
trolling fermentation. This favored establishment of the inocu-
lum as opposed to natural flora. At the same time this procedure
modified the sensory characteristics (chiefly texture) of the car-
rots giving rise to interesting properties. This procedure could
possibly be applied to other vegetables and may promote their
consumption as fermented products. A detailed study would be
necessary on each type product in order to determine effects of
alkaline treatment.
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Mechanism of Surface White Discoloration of Peeled
(Minimally Processed) Carrots During Storage

LUIS CISNEROS-ZEVALLOS, MIKAL E. SALTVEIT, and JOHN M. KROCHTA

ABSTRACT

of white discoloration development on peeled

A proposed mechanism
carrots included both physical and physiological responses to wounding.
The physical response is a color change due to reversible surface de-
hydration. This study was performed at 2.5 and 10°C using a model
system controlling relative humidity, at 33, 75 or 98% . and a commercial
system with low-density polyethylene (LD Pti) plastic film bags. The rate
of surface discoloration increased with decreasing R11. When excess sur-
face moisture was left on peeled carrots, rates of white development
decreased sharply at all RH compared with a dewetted control. The same
effects were observed on peeled carrots stored in LDPE bags. Carrots
partially regained their original color when water-dipped, due to reversal
of the physical response component.

Key Words: white discoloration, carrots, wounding response, phenolic

metabolism

INTRODUCTION

Precut fruit and vegetable production IS a gI’OWiI"Ig in-
dustry. Peeled carrots (Daucus carota) represent an important
component of the precut vegetable industry. They are produced
from whole raw carrots washed, cut into ~5 c¢m long pieces,
peeled, cooled to 1.5° C by hydrocooling with chlorinated water,
dewetted (drained) and packaged in low-density polyethylene
(LDPE) bags.

Minimal processing of fresh fruits and vegetables, such as
trimming, peeling, cutting, slicing and other physical actions,
causes injury and damage to tissues, affecting physiological ac-
tivities and subsequently quality (Watada et al., 1990). Some
problems related to cell disruption are leakage of nutrients, en-
zymatic reactions, mold growth, lactic acid fermentation, loss of
texture, development of off-flavors and off-odors, and appear-
ance defects (Carlin et al., 1990). All these factors limit the
storage and market life of precut fruits and vegetables.

Surface white discoloration on peeled carrots during storage
affects the produce quality and limits storage life. In published
studies white appearance is considered a result of cither surface
dehydration of outer layers (Tatsumi et al., 1991, 1993; Avena
etal., 19933, b) or enzymatic activity and the formation of lignin
(Bolin, 1991, 1992; Howard and Griffin, 1993, Howard et al.,
1994) as a response to peeling.

When carrots are peeled, the periderm layer is removed, ex-
posing inner tissues. Suberin is a characteristic component of
periderm cell walls (O’Rear and Flore, 1983) and is associated
with a wax complex (Soliday et al., 1979). Disrupted cell walls
exposed to air by cutting or abrasion peeling consist mainly of
cellulose, hemicellulose. lignin and other sugar polymers. Cel-
lulose is hydrophilic in native form; lignin is considered hydro-
phobic, as reported in studies of wetting behavior in vessel walls
in the xylem of plants (Laschimke, 1989). Suberized cell walls
of the carrot periderm function as a primary barrier to mass
transfer, and waxes of the suberin complex appear to cause the
greatest impedance to water vapor diffusion (Soliday et al,,
1979). Thus, removal of the periderm by peeling increases mois-
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ture loss from the carrot. Susceptibility to resulting white blush
formation was reported to be influenced by temperature (Buick
and Damoglou, 1987), relative humidity (Avena et al., 1993a),.
degree of peeling (Bolin and Huxsoll, 1991). and type of cutting
surface (Tatsumi et al, 1991. 1993; Bolin and Huxsoll, 1991).

Our objective was to elucidate the mechanism by which white
formation develops during storage of peeled carrots. Specifi-
cally, experiments were designed to determine what portion of
peeled carrot white discoloration is attributable to the physical
response of surface dehydration. Remaining white discoloration
would be presumably due to physiological responses.

MATERIALS & METHODS
Carrot samples

Peeled carrots (unknown cultivar) packaged in low-density polyeth-
ylene (LDPE) bags were obtained from a commercial processing plant
in Bakersfield, CA., shipped over night under crushed ice to UCD and
stored at 2.5°C. The study was performed on different lots from the same
processing plant and —24 hrs after the carrots were processed. Peeled

carrots —5 cm long and 12 to 16 g each were used.

Color evaluation

Color measurements of peeled carrots were made using a Minolta
chromameter model CR200 (Minolta Camera Co, Japan), calibrated to a
70.10, +a = 18.23, +b = 32.02). L,
values from the CIE (Commission Internationale de I'F.clairage) color

standard orange tile (L = a and b

scale (Gardner. 1975) were determined. Color measurement on each
piece of peeled carrot was the average of 3 readings on different sites
of the surface. Each piece of carrot was used as a replicate, using 10-
20 replicates/treatment depending on the test. Results were expressed as
whiteness index (W .l.), according to Judd (1963), and applied to peeled
1991).

A visual descriptive scale was used and related to the W .I. scale. The
nonw hite (0%
slightly white (25% white surface), moderate white (50%
severe white (75% white surface) and

white surface). To relate it w'ith the W.I.

carrots (Bolin and Huxsoll,

visual scale was defined as five levels of white color:
white surface),
white surface),
(100%

were grouped visually into these different levels of white development

extreme white

scale, peeled carrots

and measured with the Chroma-meter. A total of 10 to 20 replicates/
group was used.

Wetting, dewetting and rewetting

Peeled carrots are usually dewetted by centrifuging (excess surface
moisture removed) in commercial processing. For our study, all peeled
chlorinated distilled
water to avoid microbial contamination. To obtain normal surface mois-
ture (dewetted)
salad spinner. To obtain initial excess surface moisture (wetted), peeled

carrots were wetted again by dipping in 200 ppm

, the peeled carrots were dewetted by centrifuging with a

carrots were wetted, but not centrifuged, before storage. A fter treatment,
peeled carrots were stored in controlled RH chambers or LDPE bags.
Both dewetted and wetted peeled carrots initially had a moistened ap-
pearance. For some experiments, peeled carrots w'hich had been stored
were rewet by water-dipping in 200 ppm chlorinated distilled water and
then draining.

Controlled RH chambers

Color changes of peeled carrots were studied at different relative hu-
midities. W etted peeled carrots were held in glass chambers at 10°C and
conditioned at 33.5, 75.7 and 98.2% RH, obtained with saturated salt
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Whiteness Index

% Relative Humidity

Fig. 1—Effect of relative humidity on Whiteness Index (W.l.) of
wetted peeled carrots stored at 10°C. Bars indicate one-sided
standard deviations.

Table 1—A visual description of white index values for peeled carrots

White Index
Description (W.l)a
Non-white. 326 + 24
Slightly-white. 384 + 1.3
Moderate-white. 430 + 18
Severe-white. 472 + 17
Extreme-white. 50.9 + 31

aAverage values with standard deviations.

solutions of MgCL, NaCl and K ,S04 (Fisher Scientific Co., Fair Lawn,
NJ), respectively. Preparation was according to ASTM method (1991).
The saturated salt solutions were prepared as follows: MgCL (5009 salt/
62.5mL water), NaCl (5009 salt/150mL water) and K2S04 (500g salt/
Stam ford, CT)
was used to measure relative humidity. The experiments were performed

273 mL water). A Solomat hygrometer (Solomat Corp.,

mostly without air movement to simulate conditions inside plastic pack-
ages. A fan inside each chamber was used only for short periods right
after opening and closing the chamber lid to quickly re-equilibrate the
Peeled
carrots were placed over a stainless steel metal screen above the saturated

RH in the chamber after color measurements had been made.
salt solution (2.5 cm), avoiding contact between pieces. Ten peeled car-
rots were used as replicates for each treatment.

Effect of rewetting. pDcwetted peeled carrots were stored for 4 or 8
days at relative humidities of 75.7 and 98.2%
velopment. L,
the W.L values calculated. Carrots were then water-dipped to rewet. The

RH to induce white de-
a and b values of the peeled carrots were measured and

rewetting procedure was perfonned by dipping 10 peeled carrots (— 122
g total) in a glass vessel containing 500 mL ofchlorinated distilled water
(200 ppm) stirred at room temperature (—23°C). After draining carrots
were measured for color. After each measurement, carrots were again
dipped in fresh chlorinated distilled water. Results were reported as W .L
related to total dipping time.

Effect of excess surface moisture. w etted and dewetted peeled car-
rots were stored at 75.7 and 98.2% RH for a total of 8 days. Color
measurements were perfonned at days 0, 2 and 4. At day 4, ten carrots
were rewetted for 10 min and the color measured. The carrots were
treated again by wetting or dewetting in a manner identical to day 0.
Carrots were then placed back in the chambers and color measurements
were performed at days 6 and 8. Finally at day 8, carrots were water

dipped for another 10 min and the color measured.

Studies in LDPE bags

W hite discoloration on peeled carrots was also studied using a com -
mercial packaging system at 2.5 and 10° C, placing 2509 of carrots (—20
carrots) in each LDPE plastic bag. Plastic films of 1.5 mil thickness and
area of 435 cm2 (14.5 cm x
the bags. These films had an average water vapor permeability of 9.41
X 10"g kpa ' hr 1m
cording to ASTM method (1989). The relative humidity of the storage

15 cm x 2 sides) were used for making

1at 20°C. measured with the cup method ac-

room was 75 * 5% with air velocity of 20 m min ' Plastic bags were
sealed using a manual heat sealer (PGC Scientific, Gaithersburg, MD).

Both wetted and dewetted peeled carrots were placed in plastic bags
at 10°C. Evaluations were done periodically, monitoring 20 peeled car-
rots each time/treatment. Two bags/treatment were used. Bags were
opened each time color measurements were taken; afterwards, the carrots
were placed in new /tags and sealed again. Results were reported as W .I.
change related to to:al storage time.

Dewetted peeled carrots were stored at 2.5°C in LDPE bags for 2 and
4 wk. After these periods. 10 peeled carrots were measured for levels of
white appearance and then water dipped in chlorinated distilled water
(200 ppm) stirred

measured for color. After each measurement, carrots were again dipped

rt room temperature. After draining, carrots were

in fresh chlorinatec distilled water. Results were reported as W.l. as

related to total dipping time.

Statistical analysis

Statview 4.0 was used for statistical analyses (Abacus Concepts,
Berkeley. CA). Analysis of variance and Fisher PLSD multiple-compar-

ison tests were performed.

RESULTS & DISCUSSION
White index-sensory scale relationship

The whiteness index scale (W.l.) was related to a visual de-
scriptive scale tc achieve a better understanding of W.Il. data
(Table 1). From this relation, we could define some general
limits: a non-visible white as a W.I. of 32.6 + 2.4, and a mod-
erate white as a value of 43.0 = 18 W.l. Higher values
indicated that the peeled carrots had reached their storage life
limit. Visual ratings were reported by Bolin and Huxsoll (1991),
Bolin (1992) and Avena et al. (1993a, 1993b), but were not
directly related to the W.I. scale.

Relative humidity association with color change

Avena et al. (1993a) reported a W.I. development dependence
on relative humidity for peeled carrots. We confirmed their re-
sults, observing different rates of W.l. appearance on peeled
carrots through time at three relative humidities (Fig. 1). These
results were related to water loss from the surface, considering
the inverse relation with % RH. Rooke and Van den Berg (1985)
showed that when whole carrots were exposed to 100% RH,
they slowly absorbed some moisture; while at 96-99% RH,
whole carrots lest moisture, depending on RH of the air. The
equilibrium relative humidity, which is the RH of air in equilib-
rium with the tissue (no net moisture transfer between tissue and
air), is about 99.6-99.8% for whole carrots (Rooke and Van den
Berg, 1985). The driving force for moisture loss would be the
vapor pressure difference (VPD) between the surrounding air
and the peeled carrot surface. The VPD is dependent on tem-
perature and % RH. Buick and Damoglou (1987) observed a
temperature effect on color change, which could be related to
this dependence of VVPD on temperature.

Reversible color change

Dewetted peeled carrots exposed to 75 and 98% RH for 4
days had a W.I. corresponding to a severe white (Fig. 2). When
the carrots were dipped into water (rewet), an exponential decay
relation between W.I. and water dipping time was observed.
After —4 min of water exposure, a value of W.I. was reached
which corresponded to non-visible white color. W.I. continued
to decrease witn increased dipping time, with no significant (p
< 0.05) additional reduction after 8 min. Peeled carrots held for
8 days under similar storage conditions also presented lower
W.I. value after water dipping, with no (p < 0.05) additional
reduction after 20 min. The minimum values of W.I. reached in
both cases were higher than those corresponding to fresh carrots
at day 0. This partial reduction of W.I. values was 75 to 90%
of the original color change.
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WHITE DISCOLORATION OF PEELED CARROTS ...
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Fig. 2—Effect of water dip time on W.Il. of dewetted peeled car-
rots previously stored for 4 and 8 days at different relative hu-
midities and 10°C. Bars indicate one-sided standard deviations.
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Fig. 3—Effect of initial surface moisture and storage time on W.I.
for peeled carrots stored at 98% RH and 10°C. Arrows indicate a
ten minute water dip. Bars indicate one-sided standard devia-
tions.

The partial reversibility was likely due to rehydration of the
dried surface and the filling with water of spaces between dis-
rupted cell walls or debris. A moistened surface reduces reflec-
tance of light, making more apparent the deep orange color
beneath the surface. The cell wall debris of the surface would
appear translucent in the presence of water. When the surface
of peeled carrots dries, it scatters reflected light, causing the
white appearance.

This reversible color change suggests a surface dehydration
mechanism and is most likely what Avena et al. (1993a) re-
ported as depending on %RH. The degree of peeling and the
type of cutting surface associated with color change (Bolin and
Huxsoll, 1991; Tatsumi et al., 1991) could be explained in part
by this observation. More disrupted cell walls on a dried surface
cause more irregular surface areas. This increased area once
dried would increase light scattering and thus white appearance.

Initial surface moisture

Avena et al. (1993a) showed that during surface dehydration,
a lag time was observed before W.I. increased. This lag time
would depend on the initial amount of water present on the
surface of the peeled carrots. After placing wetted and dewetted

Whiteness Index

60 1—e—dewetted
1—®— wetted

55‘:

50—5
45
40

35

1

10
Storage time (days)

Fig. 4—Effect of initial surface moisture and storage time on W.I.
for peeled carrots stored at 75% RH and 10°C. Arrows indicate a
ten minute water dip. Bars indicate one-sided standard devia-
tions.

peeled carrots at 98% RH, different rates of white index devel-
opment could be observed (Fig. 3). For previously-dewetted
peeled carrots, the white development was always higher. After
4 days, the difference in white development was still observed,
although in that case initially-wetted peeled carrots had reached
a slightly-white stage.

Water dipping (rewetting) caused peeled carrots to regain an
orange color, thus a low W.I. value. When placed back in the
chambers, the white development was again induced under sim-
ilar rates, reaching after another 4 days values similar to those
reported before. At 75% RH, this effect was observed again
(Fig. 4). In that case, the difference between wetted and dew-
etted peeled carrots was not as notable as at 98% RH. This could
be due to the higher driving force or water vapor pressure dif-
ference at 75% RH, inducing a higher rate of surface water loss.

The presence of excess surface moisture could help extend
the lag time observed before white discoloration appears. Treat-
ments claiming to control enzymatic activity, such as aqueous
acid or basic dip treatments (Bolin and Huxsoll, 1991; Bolin,
1992) or steam treatments (Howard et al., 1994) were most
likely maintaining a moisture layer over disrupted cell walls.
This would delay observed white development, but basically due
to an increase of lag time as reported by Avena et al. (1993).

Irreversible color change

Dewetted peeled carrots exposed to 75 and 98% RH and then
water dipped did not regain totally their original color (Fig. 2).
The same was observed for wetted carrots (Fig. 3, 4). These
increased W.I. values were due to an irreversible color change,
and according to our observations these values increase with
time. It has been reported that when wounding occurs, phenolic
metabolism was activated in carrots, inducing lignification of
outer cells (Bolin and Huxsoll, 1991; Howard and Griffin,
1993) . This physiological response has been proposed as the
cause of white discoloration. We propose that the irreversible
color change we observed could be related to the irreversible
physiological response to wounding reported in other studies.
The mechanism that could explain the irreversible color change
may be related to the wetting characteristics of lignin, the light
reflectance of lignin, or both. Considering that lignin is hydro-
phobic (Laschimke, 1989), the irreversible W.I. component pos-
sibly shows a non-complete rehydration of the outer layers
(initially more hydrophilic) during water dipping. Also the lig-
nification process may increase light reflectance and thus white
development. From our observations, the irreversible color

322—JOURNAL OF FOOD SCIENCE—Volume 60, No. 2, 1995



60
—S—dewetted

e 551 —e—wetted
%]
o 50
= 50
L]
w 45
3
= 40
5 [oo-
= 35 L L--
= —— — -

30

254 5 T ~ .

10 15 20
Storage time (days)
Fig. 5—Effect of storage time on W.l. of wetted and dewetted
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change appears to be independent of storage RH or initial
amount of moisture on the peeled carrots surface (Fig. 3, 4).
Howard and Griffin (1993) quantified the increase of lignin and
phenolic compounds and the increase in phenylalanine ammo-
nia-lyase (PAL) activity on carrot sticks, and correlated it with
an increase in total W.I. They observed that upon reducing eth-
ylene, the whiteness index did not decrease. The irreversible
color change may be associated with factors related to the phe-
nolic metabolism pathway. Oxygen, ethylene, carbon dioxide,
wounding severity (Bolin and Huxsoll, 1991; Tatsumi et al.,
1991), cultivar, temperature (Buick and Damagon, 1987), and
other factors that could affect gene reading or enzyme activity
might influence this response.

Thus, our results suggest that the W.I. development on peeled
carrots has two components. First, a physical response compo-
nent due to surface moisture loss, manifested by the partial re-
versibility of W.I. once water-dipped. Second, a possible
physiological response component due to lignification (Bolin
and Huxsoll, 1991; Howard and Griffin, 1993) and appearing as
an irreversible increase of W.I. after water dipping. In commer-
cial packaging systems, where fluctuations in storage tempera-
ture may occur and water condensation inside bags takes place,
localized surface rehydration can occur. The result would be
variations in white development among carrots packaged in a
bag and between bags in the same storage facility. Considering
that potentially the reversible white color change has more effect
than the irreversible component, the physiological response may
be masked. Studies on enzymatic effects on color change (Bolin
and Huxsoll, 1991; Bolin, 1992; Howard and Griffin, 1993;
Howard et al., 1994) most likely also have been observing de-
hydration effects on color.

Carrots stored in LDPE bags

The RH in packaged vegetables and fruits can reach high
values. Shirazi and Cameron (1992) reported a relative humidity
of 98% in LDPE plastic-film-packaged tomatoes (2 mil thick-
ness at 20°C). The RH inside the plastic bags would also be
dependent on the storage room RH and the plastic film perme-
ance (Saguy and Mannheim, 1975). Any other factor, such as
cultivar or growing conditions, that affects fruit skin resistance
to water loss, may contribute to variations in % RH (Shirazi and
Cameron, 1992).

Peeled carrots have very low water vapor resistance (Avena
et al., 1993b), indicating high moisture loss. Considering that
there is a high relative humidity inside the bags, a small vapor

—— fresh carrots
—— 2 weeks
—— 4 weeks

Whiteness Index

T T T
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Fig. 6—Reversible and irreversible color change of dewetted
peeled carrots previously stored for 2 and 4 wk at 2.5°C in LDPE
bags compared to fresh carrots. sars indicate one-sided standard

deviations.

10

pressure difference between the inside package air (that sur-
rounds the carrots) and the carrot surface would be enough to
cause loss of surface water. Using a packaged system where the
plastic film defines the rate of water loss from the peeled carrots,
similar behavior to that observed in chambers controlled at 98%
RH was obtained (Fig. 5). Wetted peeled carrots had a lower
rate of W.L development compared to a control that had been
dewetted before packaging. This was evident after 14 days, and
the difference was maintained as time increased; but ultimately
the W.L reached similar values (data not shown). In that case,
the lag time was extended and the white appearance delayed.

Dewetted peeled carrots stored in LDPE bags at 2.5°C showed
reversible and irreversible W.L change components once water
dipped (Fig. 6). In the 2 week storage period, the reversible
color change represented 50% of the total change in color; while
for the 4 wk storage the reversible color change was —72% of
the total. In both cases, white discoloration was observed due
to the physical response.

CONCLUSIONS

A proposed mechanism 0f white discoloration development on
peeled carrots includes both physical and physiological re-
sponses to wounding. The physical response is reflected in a
color change due to surface dehydration which is reversible. As
time passes, a possible physiological response occurs involving
activation of phenolic metabolism and production of lignin re-
flected by an irreversible color change. In general, white devel-
opment due to the physical response increases with lower RH
and with time. Initial treatments using excess surface moisture
would reduce the rate of white development. In commercial sys-
tems, different factors affecting mass transfer should be consid-
ered and evaluated. These include relative humidity and air
velocity in storage rooms, temperature fluctuations, ratio of
weight of produce to film area, thickness and permeability.
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Sulfite and Starch Affect Color and Carotenoids of
Dehydrated Carrots (Daucus carota) during Storage

Y.P. ZHAO and K.C. CHANG

ABSTRACT

Sulfite and starch treatments influenced the quality of dehydrated carrots.

Initially, redness of dehydrated carrots was high in sulfite-treated sam -
ples. Redness and total - and 3-carotenes decreased as storage time
increased in all treatments. Starch-treated samples had a slower rate of
carotene loss, and retained more (P < 0.05) red color than did control
and sulfite-treated samples. W hen residual sulfite in dehydrated carrots
decreased to =<200 ppm, its effectiveness in protecting carotene was

not notable.

Key Words: carrot dehydration, sulfite, starch, carotenoids

INTRODUCTION

Dfhydratf.d carrots are important components in various
products in the U.S. food industry. Deterioration of chemical
and physical properties of dehydrated carrots causes major
changes in their quality and stability during storage. Baloch et
al. (1981) reported that sulfite treatment, using 0.6% sodium
metabisulfite for 6 min, retarded carotenoid breakdown, inhib-
ited lipid oxidation, and decreased discoloration of dehydrated
carrots. The reactions of sulfite in foods are complex. However,
reaction of sulfite with carbonyl groups, reducing sugars, and
disulfide bonds in proteins and enzymes may be responsible for
the effects in dehydrated carrots (Taylor et al.. 1986).

The maximum allowable sulfite residue concentration for de-
hydrated carrot products in the U.S. is 200 ppm (Federal Reg-
ister, 1988). High concentrations of sulfite residues in foods may
affect certain consumer’s health (Bhagat and Lockett. 1964; In-
oue et al,, 1972; Taylor et al., 1986). People with asthma are
often allergic to sulfite in foods. For some individuals, severe
bronchospasms and faintness may result from sulfite ingestion
(Taylor et al., 1986). Little information is available on effects
of low level sulfite treatment (residue concentration <200 ppm)
on quality of dehydrated carrots.

Coating carrots, which had been steam blanched for 5 min,
in a hot starch solution (2.5%, at 77°C for 1 min) prevented
carotenoid loss and extended storage life of dehydrated carrots
(Baloch et al., 1986). Starch coating gave a surface coverage
and, hence, protected carotene effectively by isolating oxygen
from carrots (Baloch et al., 1986). Starch treatment of carrots
while boiling to achieve blanching and coating effects simulta-
neously has not been reported.

Our objective was to compare effects of sulfite treatments at
various concentrations, and starch treatment at the boiling tem-
perature on quality of dehydrated carrots.

MATERIALS & METHODS
Sulfite treatment

Carrots (Bunny-Lu\ brand from California) were purchased from a
local grocery store in Fargo. ND. They were peeled and diced (1 cm
cubes). Carrots (= 150 g) were blanched with steam at 100°C for 3 min.
The steam-blanched carrots were treated with two levels of sodium bi-
sulfite (NaHSO,): 0.05% (w/v) and 0.2% (w/v). Carrots were soaked in
Author Chang is with the Dept, of Food & Nutrition and %EJI of
Cereal Science, North Dakota State Univ., Fargo, ND 58105. Au-

thor Zhao is currently with Integrated Ingredients, P.O. Box 1
Anthony, NM 88021.y % J &

the sodium bisulfite solution (450 mL) at 65°C for 8 min and dehydrated.
As a control carrots were soaked in distilled water at 65°C for 8 min
and dehydrated.
screen (U.S. standard No. 8) and dehydrated in an air oven at 90°C for
2 hr and at 70°C' for 4 hr.

out in four replicates.

A single layer of blanched carrots was placed on a

Sulfite and control treatments were carried

Starch treatment

Diced carrots (1509 in four replicates) were boiled for 3 min in 2.5%
com starch solution (Geo. T. W alker and Company.
M N).

carrots.

Inc., Minneapolis,
The dehydration method was the same as that of sulfite-treated

Storage and quality evaluation

The quality of sulfite- and starch-treated dehydrated carrot samples
was assessed at 4-mo intervals for a total of 12 mo. Dehydrated carrots
from each treatment were pooled, mixed, placed into plastic containers,
sealed in tin cans (size 303 x 406) to prevent moisture penetration, and
stored at ambient temperature (22-26°C). The color of dehydrated and
rehydrated carrots, rehydration ratio, a-. 3- and total carotenes, and re-
sidual sulfite were determined immediately after drying and after storage
for 4. 8. and 12 mo.

M oisture contents of dehydrated carrots before and after storage were
determined (AOAC. 1990).
hydrated carrots and rehydrated carrots, were determined as sulfur di-
using distillation followed by redox titration of sulfite ion by

Residual sulfite concentrations of both de-

oxide.
iodine. (DeVries et al.. 1986). Carotene content was determined accord-
ing to the high performance liquid chromatographic method of Bushway
(1985). Rehydration ratio was determined after cooking 4g ofdehydrated
carrots in 250 mL distilled water for 30 min. Rehydration ratio was
calculated by dividing the drained rehydrated weight by the dry w'eight
of the carrots. The surface color of dehydrated and rehydrated carrots
was measured, using a Gardner Tristimulus colorimeter equipped w'ith a
reflection optical system (model XL-23, Gardner Lab. Bethesda,
MD). The colorimeter was calibrated with a standard white tile (L =

91.94, a, = -1.03. bL = 1.14).

Inc..

Statistical analyses

The 4 x 4

treatments (control, 0.05% sulfite, 0.2% sulfite, and 2.5% com

factorial experimental design was used to examine the four
starch)
and four periods of storage (0. 4, 8, and 12 mo). Experimental variables
and b,), and

All variables were subjected

were rehydration ratio, sulfite residue content, color (L, a,,
carotene contents (a. 3, and total carotene).
to analysis of variance, using the general linear model procedure (SAS
1990).
periods were tested for significance using Duncan’s multiple range test

(SAS Institute, Inc.. 1990).

Institute. Inc., Mean differences among treatments and storage

RESULTS & DISCUSSION

The 2.5% corn starch-treated carrots had a lower (P <
0.05) rehydration ratio than controls, 0.05% sulfite-treated, or
0.2% sulfite-treated carrots (Table 1). The rehydration ratio of
2.5% com starch-treated carrots was 20% lower than that of the
control, 0.05% sulfite-treated, and 0.2% sulfite-treated carrots
through 12 mo. Polysaccharide gel absorbed on the cell walls
probably caused the low rehvdration ratio of the starch-treated
sample. When carrots are boiled with starch solution, the starch
may penetrate into the carrot tissue and change the texture and
rehydration (Mudahar, 1989).
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Table 1—Effects of sulfite and starch treatments on rehydration ratio of
dehydrated carrots during storage3

Month Control 0.05% S 0.2% S 2.5% CS
0 6.9a,(fg) 7.0a,(e) 6.9a,(e) 5.6b,(fg)
4 7.1a,<ef) 6.1c,(9) 6.6b,(f) 5.7¢,(f)
8 7.4a,(e) 6.7b,(f) 6.7b, (ef) 6.0c,(e)
12 6.7a,(g) 6.8a,(ef) 6.9a,(e) 5.4b,(g)

aMeans represent two determinations. S = sulfite and CS = corn starch. Means in the
same row with different letters a, b, ¢, or d and same column with different letters
(e). (f). (g), or (h) differ (P < 0.05).

Dehydrated carrots with a higher rehydration ratio have a
higher product yield. Dehydrated carrots with high rehydration
ratio have softer texture after rehydration than dehydrated car-
rots with low rehydration ratio. A high rehydration ratio is not
always advantageous for every food application. Dehydrated
carrots with a high rehydration ratio are preferred for cake or
muffin mixes because a high moisture holding increases final
product tenderness. However, dehydrated carrots with low re-
hydration ratio are preferred for stew mixes because their texture
can hold up better after cooking.

Eusebio et al. (1980) reported that carrots pretreated with sul-
fite, starch, or blanched in boiling water resulted in rehydration
ratios of 5.2-5.7, 8.2-8.5, and 4.2"1.3, respectively. The starch
treatment had a higher rehydration ratio than did the sulfite and
control groups. The differences between the results of our study
and those of Eusebio et al. (1980) may be due to differences in
processing methods. In the starch research of Eusebio et al.
(1980), carrots were steam blanched and dipped in 2.5% com
starch solution for 1 min. In our study, however, carrots were
directly cooked in 2.5% boiling com starch solution for 3 min.
In the sulfite treatment. Eusebio et al. (1980) blanched carrots
in boiling 0.2% sodium metabisulfite for 2 to 3 min. In our
study, carrots were steam-blanched and dipped for 8 min in
0.05% or 0.2% sodium bisulfite solution.

Baloch et al. (1981) observed that the rehydration of freshly
dehydrated carrots restored only 46.2-60.2% of initial weight.
However, rehydration of dehydrated carrots that had been stored
for 180 days at 37°C in sealed tin cans restored only 2.2-13.7%
of initial weight. The loss of rehydration was due to changes in
macromolecular components, including cellulose, pectin, hemi-
cellulose, and protein, which were adversely affected during pre-
treatment, dehydration and storage (Weier and Stocking, 1949).

The 0.2% sulfite-treated carrots had higher (P < 0.05) resid-
ual sulfite than 0.05% sulfite-treated carrots in both dehydrated
and rehydrated carrots (Table 2). The residual sulfite content of
0.2% sulfite-treated dehydrated carrots decreased from 1,460 to
727 ppm during the 12-mo period. Rehydration greatly reduced
residual sulfite content in carrots. The loss during rehydration
might be due to the combination of cooking and sulfite leaching
into the cooking water. Compared to the beginning (0-month)
dehydrated sample, the total residual sulfite content of 0.2% sul-
fite-treated dehydrated carrots decreased by 10, 21, and 50%
after 4-, 8-, and 12-mo storage, respectively. Compared to the
rehydrated 0-month sample, sulfite content of the 0.2% sulfite
treated sample decreased by 2, 26, and 87%.

Residual sulfite of 0.05% sulfite-treated carrots decreased
from 223 to 18 ppm in dehydrated carrots and from 40 to 5
ppm in rehydrated carrots during 12-mo storage (Table 2). The
total sulfite residue decreased by 68, 80, and 92% in dehydrated
carrots and decreased further by 27, 58. and 86% in rehydrated
carrots during the 4-, 8-, and 12-month periods, respectively.
These levels of sulfite in rehydrated carrots were below the lim-
its (<200 ppm) for dehydrated vegetables (Federal Register,
1988). Sulfite content decreases during storage as a result of
complex reactions with food components. Several reactions, in-
cluding those with carbonyls, reducing sugars, and proteins,
have been described (Taylor et al., 1986).

Orange color is related to carotenoid pigments (Borchgrevink
and Charley, 1966). The effects of sulfite and starch treatments
were compared on color of dehydrated carrots (Table 3). The L

Table 2—Residual sulfite contents of sulfite-treated dehydrated carrots3
0.05% sulfite 0.2% sulfite

Month treatment treatment
Dehydrated carrot, ppm
0 222.7a 1460.2a
4 70.7b 1310.6b
8 45.5¢ 1160.4c
12 18.1d 726.8¢c
Rehydrated carrot, ppm
0 40.5a 147.2a
4 29.7b 144.9a
8 16.9c 108.5b
12 5.1d 18.7c

aMeans represent two determinations. Data are on a dry weight basis. Probability that
treatments differ. Means in the same column for each type of product with different
letters a, b, c, or d differ (P < 0.05).

Table 3—Effects of sulfite and starch on color of dehydrated carrots during
storage3

Month Cont'ol 0.05% S 0.2% S 2.5% CS
L (lightness)
0 36.7a,(f) 37.3a,(e) 37.5a,(e) 32.4b,(f)
4 36.9a (f) 37.4a,(e) 37.93,(e) 33.6b,(e)
8 37.4a (f) 37.8a,(e) 38.0a,(e) 32.1b,(fg)
12 40.3a (e) 37.4b,(e) 38.0b,(e) 33.3c,(ef)
T a_(redness) ...
0 32.2a (e) 34.3a,(e 34.3a,(e) 32.8a,(e)
4 31.6b,(e) 32.4a,(f) 32.4a,(f) 31.5b,(e)
8 27.1b,(f) 29.4a,(g) 30.9a,(g) 29.5a,(f)
12 24.8c (g) 26.9b,(h) 30.5a,(9) 29.8a,(f)
------------ bL (yellowness) ----------
0 19.4a.(e) 19.4a,(e) 19.6a,(e) 17.2b,(e)
4 18.8a.(ef) 19.4a,(e) 18.8a,(e) 16.9b,(e)
8 18.1b,(f) 18.4b,(f) 19.2a,(e) 16.0c,(f)
12 19.3a,(e) 18.53,(f) 19.2a,(e) 16.4b,(ef)

a Means represent two determinations. S = sulfite and CS = corn starch. Means in the
same row with différant letters a, b, c, or d and same column for each attribute with
different letters (e), (f). (g), or (h) differ (P < 0.05).

value of 2.5% com starch-treated carrots was lower (P < 0.05)
than that of the control, 0.05% sulfite-treated, and 0.2% sulfite-
treated carrots. This pattern was maintained after 4- and 8-month
periods.

The initial aLvalues of 0.05% sulfite-treated and 0.2% sulfite-
treated carrots were higher (P < 0.05) than the control and 2.5%
com starch treated carrots. The aLvalues of 0.05% sulfite-treated
and 0.2% sulfite-treated carrots decreased (P < 0.05) at the 4-
mo period and continually decreased over the 8- and 12-mo
periods. At the end of 12-mo, the aL values of 0.2% sulfite-
treated and 2.5% com starch-treated carrots were higher (P <
0.05) than those of controls and 0.05% sulfite-treated carrots.
Thus 0.05% sulfite treatment did not have a notable protection
effect on the color of dehydrated carrots when stored for a 12
mo.

The b, value increased (P < 0.05) in control carrots from the
8- to 12-mo period (Table 3). The bLvalue did not differ (P >
0.1) among the control, 0.05% sulfite-treated and 0.2% sulfite-
treated carrots a; the 12-mo period. The bLvalues of the control,
0.05% sulfite-treated, and 0.2% sulfite-treated carrots were
higher (P < 0.05) than the 2.5% com starch-treated carrots dur-
ing all storage periods. The bLvalue of 0.2% sulfite-treated car-
rots did not decrease (P > 0.1) over the storage period.

All changes in color pattern of rehydrated carrots during stor-
age were generally the same as dehydrated carrots (Table 4).
Reduction of aL values of rehydrated carrots in the control.
0.05% sulfite-treated, 0.2% sulfite-treated, and 2.5% com starch-
treated was 41, 41, 31, and 15%, respectively, during the 12-
mo storage. The 0.05% sulfite treatment did not protect the red
color when compared to the control, when stored for 12 mo.

The effects cf sulfite and starch were compared on carotene
content of dehydrated carrots during storage (Table 5). The
highest a-carotene content was found in 2.5% com starch-
treated and 0.2% sulfite-treated carrots (P < 0.05). The content
of a-carotene decreased as the storage period was extended. The
loss of a-carotene in control, 0.05% sulfite-treated, 0.2% sulfite-
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Table 4—Effects of sulfite and starch on color of rehydrated carrots during
storage

Month Control 0.05% S 0.2% S 2.5% CS
0 4.0a,(f) 41.5a,(e) 41.1a,(e) 40.5a,(e)
4 42.9a,(e) 40.6b,(ef) 40.1b,(e) 40.1b,(ef)
8 43.9a,(e) 39.2b,If) 39.9b,(e) 40.1b,(e)
12 43.0a, (e) 41.7a,(e) 40.7ab,(e) 38.9b,(f)

--------------- al (redness) ...........
0 33.4a,(e) 36.0a,(e) 35.7a,(e) 35.3a,(e)
4 25.4c,(f) 29.9b,(f) 33.6a,( 32.4a,(f)
8 20.0c,(gl 23.2b,(g) 28.6a,(9) 29.5a,(9)
12 19.8c,(9) 21.1c,(h) 24.6b,(h) 29.9a,(9)
0 24.0a,(f) 24.9a(e) 24.2a,(e) 24.3a,(e)
4 25.1a,(e) 24.0b,(f) 24.0b,(e) 23.9b,(ef)
8 24.1a,(f) 23.1a,(0) 24.0a,(e) 24.0a,(ef)
12 22.7a,(9) 23.1a,(9) 23.7a,(e) 23.2a,(f)

aMeans represent two replications. S = sodium sulfite and CS = corn starch. Means
in the same row with different letters a, b, ¢, or d and same column for each attribute
with different letters (e), (f), (g), or (h) differ (P < 0.05).

Table 5—Effects of sulfite and starch on carotene content of dehydrated
carrots during storage3

Month Control 0.05% S 0.2% S 2.5% CS
-------- a-carotene, mg/100 g -
0 51.1c,(e) 47.6d,(e) 55.7b,(e) 61.3a,(e)
4 36.5¢,(f) 28.4d,(H> 44.4b,(f) 53.14a,(f)
8 23.5¢,(9) 16.8d,(g) 33.2b,(9) 41.6a,(9)
12 13.5¢,(h) 12.3d,(h) 15.7b,(h) 26.5a,(h)
0 78.0d,(e) 84.1c,(e) 114.2a,(e) 89.3b,(e)
4 54.8b,(f) 50.2¢,(f) 84.8a,(f) 82.3a,(f)
8 39.4c,(9) 39.2¢,(9) 71.3a,(9) 69.6b,(g)
12 30.8d,(h) 37.1c,(9) 46.6b,(h) 66.0a,(h)
------ Total carotene, mg/I00g —
0 129.1c,(e) 131.8c,(e) 171.9a,(e) 150.7b,(e)
4 91.4¢,(f) 78.7d,(f) 129.3b,(f) 135.5a,(f)
8 63.0c,(g) 56.0d,(g) 104.5b,(g) 111.3a,(9)
12 44.4d,lh) 49.4c,(h) 62.4b,(h) 92.6a,(h)

aMeans represent two determinations. S = sodium sulfite and CS = corn starch. Means
in the same row with different letters a, b, ¢, or d and same column for each attribute
with different letters (e), (f), (g), or (h) differ (P < 0.05).

treated, and 2.5% com starch-treated carrots after 12-mo was
74, 75, 73, and 56%, respectively. The com starch treatment
was more effective in preventing loss of a-carotene than were
the control and sulfite treatments.

Initially, the (3-carotene content of 0.2% sulfite-treated carrots
was higher (P < 0.05) than 2.5% com starch-treated carrots
(Table 5). However, (3-carotene in 0.2% sulfite-treated carrots
decreased (P < 0.01) faster than in 2.5% starch-treated carrots
over the 4-, 8-, and 12-mo periods. During the 12-mo period,
(3-carotene loss in the control, 0.05% sulfite-treated, 0.2% sul-
fite-treated, and 2.5% com starch-treated carrots was 60, 56, 59,
and 26%, respectively.

Similar patterns were observed in total carotene content.
Starch treatment prevented the loss of a-, (3, and total carotenes
more effectively than did the control and sulfite treatments. Bal-
och et al. (1987) showed that carrots with a sulfite concentration
of 1584 to 9621 ppm and carrots blanched for 3 to 5 min had
129 to 138 mg/l00g of carotenoid. After 4 mo storage, carote-
noid levels were 67.4—85% of initial values, and 50-62% after
14 mo storage. A high concentration of sulfite effectively pro-
tected carotenoid in dehydrated carrots during storage.

In our studies, sulfite ranged from 222-1460 ppm initially.
After 4 mo storage, remaining carotenes were 60-75% and sul-
fite residue contents were 71-1310 ppm. The rates of carotene
decrease for 12 mo storage for both sulfite treatments were sim-
ilar. When sulfite decreased to 18 ppm (in the 0.05% sulfite
treated group) to 726 ppm (in the 0.2% sulfite treated group)
after 12 mo storage, the total a- and |3-carotene contents were
=36%. However, the carotene content in the 0.2% sulfite treated
carrots was higher than that in the 0.05% sulfite treated carrots
after 12 mo storage. That was because 0.2% sulfite treated car-
rots resulted in a higher initial carotene content. Compared to

the control carrots (only blanched in water), the 0.05% sulfite
treatment did not result in higher carotene content and did not
protect against carotene loss during storage.

The method of blanching can cause from 5 to 13% loss of
carotenoids (Baloch et al., 1977). p-Carotene was the predom-
inant carotene in all samples and accounted for 60% of total
carotenes in dehydrated carrots. The higher carotene content re-
sulted in a higher redness value. Arya et al. (1982) indicated
that metabisulfite reduced the formation of browning com-
pounds during dehydration and subsequent storage. Salt and me-
tabisulfite improved the color, texture, and reconstitution of
dehydrated carrots.

Arya et al. (1982) reported that carotenoids were relatively
stable when water activity (au) ranged from 0.32 to 0.57, equiv-
alent to moisture contents from 8 to 12% in freeze-dried carrots.
Tomkins et al. (1944). however, reported that the proportion of
P-carotene oxidized during storage was higher at 8.2% moisture
than at 5.4% moisture. In our study, moisture content did not
affect carotene during storage since the moisture contents of all
dehydrated carrot samples and stored samples were similar (8%
to 9%). Moisture content of the dehydrated carrots did not
change during 12-mo storage since samples were hermetically
sealed in tin cans.

The beneficial action of sulfite as an antioxidant in stabilizing
carotenoids in dehydrated vegetables has been reported (Nutting
et al., 1970; Feiberg et al., 1964). Our results indicated that the
protective action of sulfite depended mainly on the level of sul-
fite treatment. Low sulfite, (0.05%, or =200 ppm residual sul-
fite), had limited effect against loss of color and carotene over
extended storage. Starch treatment prevented carotene loss and
retarded color loss. Starch may be a good substitute for sulfite
because of its benefits to both nutrition and health.

CONCLUSIONS

Results indicated that com starch and sulfite can retard loss
of redness and total a- and P-carotene breakdown during stor-
age. High sulfite treatment resulted in a higher rehydration ratio
than did com starch treatment. A low concentration of sulfite
(0.05% sulfite-treated. 222 ppm residual sulfite) can reduce loss
of redness in dehydrated products during storage up to 8 mo.
However, such a low concentration of sulfite did not improve
retention of p-carotene and total a- and P-carotene during stor-
age. Sensory evaluations are needed to test the effects of low
sulfite treatments on quality of dehydrated carrots.
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Low Temperature Blanching Effects on Chemistry, Firmness
and Structure of Canned Green Beans and Carrots

D.W. STANLEY, M.C. BOURNE, A.P. STONE, and W.V. WISMER

ABSTRACT

Green beans and carrots were canned using extended blanching at 64—

65°C and added calcium and/or acid. Firmer products resulted from all

treatments but lowered pH was most effective. Blanched green beans
were firmer with lower pectin esterification, indicating pectin methyl
esterase activity. Green beans and carrots treated with calcium and/or
acid and then cooked were firmer than controls. Acid exhibited a firming
effect, perhaps by loosening tissue, while calcium reduced the influence
of heat. Instrumental bioyield values correlated with sensory results of
canned green beans; bioyield may result from a sclcriformic layer. Mi-
croscopy showed firmer beans had intact middle lamellae while softer
samples contained separated cells. These data suggest that the treatments

rendered pectates in the middle lamella less heat labile.

Key Words: carrots, green beans, low temperature, blanching, firmness

INTRODUCTION

Fruit and vegetable markets Show increased demand for
“fresh-like’ products, motivated largely by preferences for firmer
textures than found in canned products and enhanced health
awareness. Such foods are termed ‘minimally processed' or
‘partially processed’ and derive their “fresh-like’ quality from
the short and mild heat treatments that are used. However, such
products are not commercially sterile and there are major needs
for extending their shelf life (Rolle and Chism. 1987; Shewfelt,
1987; Labuza and Breene, 1989; Watada et al,, 1990).

Canning, while providing the advantage of long shelf life
(typically several years), results in vegetables with less desired
textural qualities since the heat treatment necessary to ensure
safety produces extensive pectin hydrolysis and loss of firmness.
Technology to eliminate the softening associated with canning
may cause the trend away from canned vegetables to be re-
versed. Bourne (1989) reported that blanching vegetables at 60-
65°C before canning resulted in significantly firmer products.
This low temperature blanch also produced a stronger response
to added calcium as a firming agent and to pH adjustment <4.5
that enabled a gentler heat process to achieve commercial ste-
rility.

Addition of acid (Townsend et al., 1954) or calcium (Kertesz
et al, 1940) to processed plant tissue induces firming and both
treatments are permitted by the U.S. Food & Drug Administra-
tion. For example, added calcium is a firming agent for both
green beans (Van Buren et al., 1988) and carrots (Sterling,
1968), among others. The mechanism of this reaction has been
considered to involve divalent cation crosslinking between ad-
jacent pectin molecules through reactive carboxyl groups (Van
Buren. 1979). Pectin methylesterase (PME) can hydrolyze
methyl groups from pectin chains, increasing the number of car-
boxyl groups available to react with divalent cations. This en-
zyme is endogenous to many plant tissues and allowing this
reaction to proceed by incubation at elevated temperatures may

Authors Stanley, Stone, and Wismer are with the Dept, of Food
Science, University of Guelph, Guelph, Ontario, Canada, NIG
2WL. Author Bourne is with the Dept, of Food Science, New York
St4a}lt5e6 Agricultural Experiment Station, Cornell Univ., Geneva, NY,
1

produce a firmina action in vegetables (Bartolomé and Hoff,
1972).

The U.S. Food & Drug Administration is amending the stan-
dards of identity for canned green beans to allow use of glu-
cono-8-lactone to lower pH and reduce processing time and
temperature (Ancn., 1992). The mechanism for reduced pH to
achieve firmness is less understood than that of calcium. The
texture of plant tissue must relate to its structure and mechanical
strength. As a first approximation, the strength of the cell walls
would seem to influence texture (Sterling, 1968). Pitt (1982)
described three components of cellular plant tissue that deter-
mined textural response. These include fluid-filled, thin-walled
parenchyma cells, the pectinaceous layer between adjacent cells
or middle lamella, and the extracellular volume which may ei-
ther contain fluids or interstitial air.

Heating produces structural alterations in plant tissue that in-
fluence texture (Aguilera and Stanley, 1990). The general result
is softening, brought about by loss of turgor pressure and oc-
cluded air, thermal degradation of middle lamella pectins and
other cell wall polysaccharides, and starch gelatinization. Struc-
turally, the most obvious result of heating is cell separation as
a result of thermal destabilization of pectic materials.

Practically, pectic materials in fruits and vegetables may be
considered as calcium salts of polymers of galacturonic acid that
have been partially esterified with methyl alcohol (Kertesz et al.,
1940; Bourne, 1976). The degree of polymerization and esteri-
fication of the polygalacturonide chains and the amount of salt
formation have important effects on the physical properties of
the middle lame,la and resulting texture. Pectin chains are hy-
pothesized to bond via hydrogen bonding and interaction of
methyl groups; dso, the chains carry negative charges and the
charge density is greater at high pH, due to the dissociation of
carboxyl groups leading to chain repulsion and lowered inter-
chain association (Van Buren et al., 1988).

Sterling (1968) reported values for textures of cooked carrot
tissue prepared by boiling core or xylem tissue in buffers rang-
ing from pH 3.0 to 8.0 and tested for firmness in a texturometer.
Firmness values decreased linearly with increasing pH (R2 =
0.847). Concomitant light microscope (LM) examination of
cross-sections showed that at low pH the parenchymous cells
were tightly bound to one another, while at higher pH cell sep-
aration occurred as well as cell collapse. He reported similar
effects of pH on pectin solubility and strength of pectin gels.
Transmission electron microscope (TEM) studies of carrot tissue
(Ahmed et al., 1991) showed that cell walls became less dense
as a result of heating. Van Buren et al. (1988) found that in-
creasing pH in the range 4.0-7.0 led to decreased firmness of
green beans but the degree of this effect could be diminished
by increasing ionic strength with the monovalent cation, sodium.
This was hypothesized to result from providing sufficient coun-
terions to reduce the charge density on pectin chains containing
dissociated carboxyl groups so that there would be little effect
of the degree of dissociation controlled by pH. Also, the effect
of pH could be negated by the addition of excess Ca,;. This
implies that pH influences the binding of Ca*2 by pectin, as
would be expected since calcium salts are less soluble at higher
pH.

Similar results were obtained by McFeeters and Fleming
(1991) for cucumber tissue. They found that Ca+2 had little in-
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Tabie 1—Canning treatments for green beans and carrots

Green beans

Treatment # 61 62 63 64
Hold time (min, 65°C) Oa Ob 30 30
Brine0 additions - — — cd
Retort temp. (°C) 121 121 121 121
Retort time (min) 13 13 13 13
Carrots

Treatment # 41 42 43 44
Hold time (min, 64°C) 8a 30 30 30
Brine0 additions - - C A
Retort temp. (°C) 121 121 121 102
Retort time (min) 23 23 23 15

aBlanch temperature - 97°C.

b Blanch temperature - 79°C.

¢ 1.75% NaCl.

d0.27% CaCl2.

e0.28% citric acid + 4% sugar.

Tante 2—Firmness, pH and calcium values for canned green beans and carrots

Green beans

Sample Firmness
# (N)a pHb Ca+2°
61 212 (6.3) 5.07 0.81
62 276 (12.4) 5.07 071
63 381 (10.1) 5.06 0.63
64 620 (36.4) 5.01 1.69
65 3564 (124) 4,01 0.54
66 3858 (85.8) 391 129
67 418 (12.6) 5.07 0.78
68 668 (24.8) 4.95 1.84

aResults from extrusion cell apparatus; average of at least five determinations (std. dev.).

bAverage of two determinations.
cAverage of two determinations; results expressed as % (db).

tante 3—ANOVA results of canned green bean and carrot firmness data3
Green beans R2 = 0.9977, Root Mean Square Error = 0.0481

Source df F Ratio Prob > F
Acid (A) 1 .6222 0.5748
Calcium (C) 1 1.2971 0.4587
Enzyme (E) 1 0.7884 0.5378
AxC 1 0.8174 0.5320
AX E 1 0.7380 0.5482
Cx E 1 2.5670 0.3552
Carrots R2 = 0.9445, Root Mean Square Error = 0.1546
Source DF F Ratio Prob > F
Acid (A) 1 0.7154 0.4867
Calcium (C) 1 4.8037 0.1597
Holding time (T) 1 3.4070 0.2062
AXC 1 3.6178 0.1975
AXT 1 4.3178 0.1733
CxT 1 0.5737 0.5279

a Data used include probe puncture estimations of firmness for reheated acid treat-
ments, pH values, calcium levels and enzyme activity (beans) or holding times (car-
rots). Variables were treated as continuous.

5.0 but the
effectiveness increased as pH was lowered. They questioned the

hibitory effect on the rate of softening at pH >

importance of p-elimination and acid hydrolysis of pectin in
softening of tissue and suggested that conformational changes
of this molecule may be important.

Our objectives were to determine if the addition of calcium
and/or acid and the activation of endogenous PME would pro-
duce a firm canned product and to study the effects of calcium

and pH in firming green bean and carrot tissue during heating.

MATERIALS & METHODS
Vegetables

For canning experiments, fresh green beans (Acclaim cultivar) and

carrots (PY 60 cultivar) grown locally were obtained from a Geneva,

Sample #
65 66 67 68
30 30 60 60
Ae C+A — C
102 102 121 121
13 13 13 13
Sample #
45 46 47 48 49
30 60 60 60 60
C+A — C A C+A
102 121 121 102 102
15 23 23 15 15
Carrots
Sample Firmness
# <N)a pHb Ca+2°
4 147 (6.0) 4.88 0.58
42 224 (10.7) 4.96 0.62
43 350 (20.2) 4.84 144
44 2819(232) 4.10 0.55
45 3494 (241) 4.04 101
46 249 (18.4) 4.98 0.65
47 419 (25.9) 4.86 1.39
48 2958 (185) 4.15 0.49
49 3540 (190) 4.09 1.07
2.2 r450
400
2.07 FIRMNESS
Sz~
E o \m 350
LT.I = I co
<O 187 to
=03 7
zE g -300
=
Gy
w 1.6
al C ESTERIFICATION L 250
1.4 T T T 200
0 20 40 60 80

HOLDING TIME (min)

Fig. 1—Relationship of degree of pectin methyl esterification (o-
-0) to firmness (O-0) in three green bean samples held at 65°C
for various times prior to thermal processing.

NY, cannery. These were washed and trimmed prior to being cut into
«=4 cm lengths (green beans) or sliced «=5 mm thick (carrots). For soak-
ing and cooking experiments, fresh green beans and carrots picked lo-
cally were obtained from a Guelph, Ontario, vegetable retailer. These
were washed and trimmed prior to being cut into ~5 cm lengths (green
beans) or sliced =3 mm thick (carrots).

Canning

Green beans in 8 kg batches were blanched either in hot water (79 or
orin hot water (65°C)
for 3 min, placed in a covered container and held for various times (low-

97°C) for 3 min (commercially blanched controls),

temperature blanched treatments). The beans were then packed into #303
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Fig. 2—Influence of pH and calcium on firmness of raw and
cooked green beans and carrots.

cans, covered with hot brine with or without additives, sealed, retorted
and then water cooled (Table temperature

(<=23°C) prior to testing. Carrots were treated in the same fashion, except

1). Cans were held at room
that they were blanched whole in water in a
97°C for 8 min (commercially blanched control), or held
64°C for various times (low temperature blanched treatments). The car-

steam -jacketed kettle at
in water at

rots were then peeled using near-boiling 10% NaOH, hand trimmed and
machine sliced. Note that for both green beans and carrots, any treatment
that included acid was retorted at a lower temperature and, in the case
of carrots, for a shorter time. To compensate for this, several cans of
121°C for 13

min while the acid-containing carrot treatments received an additional

acid-containing bean treatments were further retorted at

23 min heating.

Soaking and cooking

Fresh
water for 3 min, quenched in

sliced carrots were blanched in boiling

«=50 ¢

cut green beans and

ice water, and samples weighed

0.107
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Fig. 3—Influence of pH and calcium on first-order rate constants
for cooking of green beans and carrots.

100 mL buffer solution
0.024M CacCl2 ranging in nominal pH from

into beakers containing consisting of 0.05M
phosphate/citrate buffer *
3.0 to 7.0 in 0.5 pH

added calcium formed a complex with the buffer salts. The beakers were

unit steps. Note that at nominal pH values > 6.0

covered and stored for 36710 hr at 5°C. pH values were then determined
by glass electrode from a homogenate prepared with «<10 g rinsed ma-
terial and 100 mL cistilled water. The remaining sample was cooked for
30 min (green beans) or 25 min (carrots) on a hot plate. Beakers were
covered with watcf glasses to eliminate evaporation. Samples for firm-
ness determinations were taken of the raw material and after cooking.
Another series of experiments was performed in which cooking times
were varied at different pH levels. Green bean samples were soaked at
pH 4.0, 5.5 and 7.C. with and without added calcium, and cooked for 0,

5, 10, 20 and 30 min. Carrot samples were soaked at pH 4.5, 5.5 and

6.5, with and without added calcium, and cooked for 0, 5, 10 and 20
min.
Firmness

Green bean and carrot samples from canning experiments were eval-
uated for firmness using a back extrusion cell (Boume and Moyer, 1968).
Samples were taken from 3 cans and 5 (green bean) or 7-9 (carrot)
samples tested/treatment. Firmness was expressed as force (N).

Green bean and carrot samples from soaking and cooking experiments
as well as canned samples were puncture tested at a deformation speed
of 10 mm min' 1.6 mm diameter flat-ended cylindrical probe
attached to a “ M~ Lloyd
ments, Hamilton, Ont.) equipped with a 50N load cell. Green beans were
line and one half of each pod centered outer or

using a

series materials testing machine (J. J. Instru-

split along the median
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Fig. 4—Influence of pH and calcium on the ratio of 10 min to 20
min cook time firmness in green beans.

epidemial side up on a steel jig over an 8 mm hole so that the probe
entered the specimen at right angles to the long axis of the pod. For
canned material, samples were taken from two cans and four samples

tested/can. For material from soaking and cooking experiments, one
measurement was obtained per sample and four samples were taken/
treatment; each treatment was duplicated. Carrot slices were centered
over the jig hole and tested in the core or xylem tissue so that the probe
entered the specimen parallel to the long axis of the root. One measure-
ment was obtained/sample and six samples were taken/treatment; each
Force-deformation curves were recorded and

F... (N) and defor-

treatment was duplicated.
stored electronically; computer analysis resulted in
mation values (mm) for firmness.

Preparation of cell wall material and analysis of cell wall pectin

Samples of green beans were taken following the blanching period,
frozen and stored at —20°C in sealed polyethylene bags prior to analysis.
Cell walls were prepared according to the method of Rushing and Huber
(1990) as modified by Jackman et al. (1992).
frozen, lyophilized and stored in a desiccator until analyzed. These sam -

Isolated cell walls were

ples were assayed in duplicate for total cell wall uronic acid content (i.e.,
pectin) as described by Ahmed and Labavitch (1977) using galacturonic
acid as the standard. The degree of cell wall pectin methyl esterification
was measured by the method of Wood and Siddiqui (1971). All reported
values were corrected for both reagent and sample blanks. Results were
expressed as mL methanol/g cell wall material (db).

Chemical analysis

Samples of green beans and carrots from all canning treatments were

analyzed for calcium using atomic absorption methodology following

digestion by acid and heat (Thomas et al.. 1967). Two samples, con-
sisting of five drained and rinsed pieces from different cans, were ana-

lyzed and the results expressed as % (db).

Microscopic analysis

Samples of green beans from all canning treatments were prepared for
microscopic analysis by glutaraldehyde fixation, critical-point drying and
to a thickness of 300 A.
amined in a Hitachi S-570 scanning electron microscope (SEM) (Hitachi
Ltd., Tokyo, Japan) operated at 10 kV.

sputter coating with gold Samples were ex-

Sensory analysis

Samples of green beans from all canning treatments were evaluated
by a sensory analysis group consisting of 17 male and female graduate
and undergraduate students who were given a training session prior to
the formal panel. The group was asked to evaluate only the texture and
color of coded samples tested at room temperature («=23°C). In order to

evaluate texture, judges first estimated the force needed to puncture the

outside bean surface using the large end of a hand-held flat wooden

toothpick. These data ('“Hand” ) were recorded by placing a mark on a

10 cm horizontal line anchored at the left by “ little force” and on the

right by “much force.” Following this, judges estimated the force

needed for the front teeth to bite through a bean using a scale similar to
that used previously to record the data (“Tooth” ). Finally, judges esti-
mated color of the beans on a 10 cm horizontal line anchored at the left
“dark

experimental treatments, a control sample of commercial

by “ light color” and on the right by color”. As well as the
“No Name”
product was used. Data analysis consisted of measuring the distance in
cm from the left anchor; the value for the commercial control was set
to zero and all other responses, positive or negative, were measured from
this point.

Samples were evaluated on two separate days but not all

panelists participated in both sessions.

Statistical analysis

Instrumental texture data were stored and graphed using Cricket Graph
(Cricket Software, Malvern, PA), results were tabulated using Lotus 1-
2-3 for Macintosh (Lotus Development Corp., Cambridge, MA) and sta-
tistical analysis performed using JMP for Macintosh (SAS
Cary, NC).

Institute Inc.,

RESULTS & DISCUSSION

The canning treatments influenced the firmness, pH and cal-
cium levels of the resulting green bean and carrot tissue (Table
2). In order to assess the effectiveness of the treatments in re-
taining firmness, ANOVA was performed using probe puncture
reheated acid Results

indicated that while all

values and results from the
(Table 3)

ness, none did so significantly in isolation. Interactions were not

treatments.
main effects increased firm-
significant. However, the R2values of the two complete models
both exceeded 90%, indicating a high proportion of the variation
in firmness could be explained by treatments and interactions.
To determine whether the added firmness in samples under-

going an extended hold time resulted from endogenous PME

activity, cell wall material from frozen green bean tissue was
assayed for pectin methyl esterification. Samples 61 and 62 had
been blanched (although at different temperatures) for 3 min and
then cooled immediately, sample 63 had no added calcium or
acid and was held for 30 min at the
of 65°C, sample 67 had no added calcium
held for 60 min. Thus,

samples 61 and 62 were averaged and compared to results from

lower blanch temperature
while or acid and

was chemical and firmness data from

samples 63 and 67. This resulted in three valid points for com -
parison. W hen these data were plotted (Fig. 1) increasing hold-
ing time obviously promoted enzyme activity, as evidenced by
lower esterification values, and higher values for firmness, pre-
sumably resulting from crosslinking through endogenous cal-
Further, high (R2 = 0.995)

between firmness and degree of pectin methyl esterification. Al-

cium. there was a correlation

though only a small number of samples were tested, these data
suggest a finning mechanism based on endogenous PME activ-
ity. Also, prior work (Bartolomé and Hoff, 1972), has proposed
a mechanism for heat-induced firming based on PME activity.
The relationship between pectin methylation and tissue firmness
is not simple. Hudson and Buescher (1986) reported firmer tis-
increased

sue as degree of pectin esterification in cucumbers;

calcium treatment reduced esterification and prevented un-

They considered this effect a result of con-
that

wanted softening.
formational

middle

changes in loosened

lamella components.

demethylated pectin

Enhancing PME activity through extending holding times had
a firming effect on both beans and carrots, as did the addition
of acid and calcium. To study the acid/calcium effects in more
detail, the soaking and cooking experiments were carried out.
Lowering pH values and adding calcium generally resulted in
greater firmness down to pH 4.5 for both cooked samples, while
for raw samples the only significant effect was that of added

calcium in carrots (Fig. 2). Below pH 4.5 firmness decreased,

perhaps as a result of acid hydrolysis.
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tabte a—Sensory and instrumental data for canned green beans

Sensory (cm)
Color,

Instrumental (N)

Extrusion Puncture Bioyield

Sample # Tooth

Commercial 0.0 0.0 00
61 0.0 (0.83 0.0 (0.87
62 8 (0. (
63 6(0.65 (
64 0 (0. 3.3 (0.75
65 8 O (0.83) 8.1 (0.

66 8.4 (0.86) 8.4 (0.69)

67 3.3 (0.93) 3.2 (0.92)
68 43(0.72) 3.6 (0.90)

a Puncture values for reheated acid-containing treatments.

tabie s—Correlation coefficients for sensory and instrumental data of
canned green beans3

Punc- Bio-
ture yield

Extru-
sion

Para-
meter

Hand
Tooth
Color
Extrusion
Puncture 0.920 0.947 0.611
Bioyield 0.969 0.975 0.674

adf. Significant values for r at 6 df: P <0.05 -

Hand

1.000
0.995
0.828
0.917

Tooth Color

1.000
0.811
0.944

1.000
0.610 1.000
1.000 1.000

0.972 0.974
0.707; P < 0.01 = 0.834.

1.000

We determined in separate experiments that when log of
puncture force was plotted vs cook time a straight line resulted
(data not shown). Thus cooking under these conditions followed
apparent first-order kinetics and a rate constant could be cal-
culated (Labuza and Kamman, 1983; Rao and Lund, 1986). Re-
sults for cooked green beans and carrots (Fig. 3) were expressed
as apparent first-order rate constants vs pH (McFeeters and
Fleming, 1991) and, except for the numerical value of the con-
stant, quite similar trends were found in both cases. Added cal-
cium resulted in lowered cooking rate constants over the entire
pH range while declining pH values produced a generally linear
decrease in this parameter in the range of pH 6.5 to 4.5 where-
upon rate constants increased. Calcium had more effect at higher
pH values (up to pH ~ 6.0-6.5; above that the insolubility of
calcium may have become a factor) which may explain the in-
teraction of calcium and enzyme level or holding time in heat
processed green beans (Table 3). The lower level of endogenous
calcium may reflect a limiting role for this ion in crosslinking
reactions, so that added calcium would be necessary for this
reaction to proceed.

When effects of pH levels and added calcium were compared
for raw, cooked and retorted treatments we observed that, al-
though for raw material calcium produced some firming in car-
rots compared to a buffer control, the effect of pH was
negligible. In cooked samples, soaking in calcium led to definite
firming compared to buffer controls. For retorted samples cal-
cium in the brine produced a more firming effect compared to
buffer control, although the reduced thermal process in samples
containing acid must be considered. These findings led to the
initial conclusion that as heat treatment increased the tissue be-
came more disrupted, leading to greater infusion of buffer and
stronger effects from both pH and calcium. The general influ-
ence of heating on plant material is to loosen the cellular struc-
ture (Aguilera and Stanley, 1990). Sterling (1968) reported a
differential effect of pH on structure during cooking of carrots.
The more acidic treatments exhibited less cell separation and
collapse than those at higher pH.

In order to test the influence of heat treatment, a series of
experiments was performed with fresh green beans cooked for
10 or 20 min at different pH levels. Increased heating (Fig. 4)
greatly facilitated the effects of acidic pH to retard thermal soft-
ening, while calcium plus acid became more effective than acid

212 (6.3)
276 (12.4)
381 (10.1)
620 (36.4)
3564 (124)

0.38 (0.06)
0.47 (0.08)
0.62 (0.12)
0.93 (0.15)
4.74 (L0)

(

(

0.28 (0.05)
0.46 (0.11)
051 (0.03)
0.88 (0.16)
1.80 (0.05)
113 (0.19)a
4.94 (0.80)
152 (0.21)3
0.66 (0.09)
1.01 (0.20)

3858(86) 1.81 (0.06)

418 (12.6)
688 (24.8)

0.52 (0.10)
0.83 (0.09)

GREEN BEAN SAMPLE # 61
0.4

0.3

BIOYIELD

0.2

FORCE (N)

0.1

0.0 T T M

87 GREEN BEAN SAMPLE # 66

FORCE (N)
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0 2 4

-]
®
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Fig. 5—Force-deformation curves of puncture tests for canned
green bean samples 61 and 66 (unreheated) showing bioyield.

alone only at higher pH and was only slightly influenced by
heat. Thus, under these conditions heat enhanced the effects of
pH in achieving firmness but had less effect if calcium was also
present. This was perhaps due to the cross-linking ability of this
divalent cation cn pectic substances.

Sensory analysis on the canned beans samples verified instru-
mental data. The results (Table 4) and corresponding correlation
matrix (Table 5) showed that all three instrumental methods

Volume 60, No. 2, 1995—JOURNAL OF FOOD SCIENCE—331



BLANCHING EFFECTS ON CANNED GREEN BEANS & CARROTS ...

e
2 -
@
«

Fig. 6—SEM micrographs of canned green beans. Sample num-
bers: (A) 61; (B) 62; (C) 63; (D) 64; (E) 65 (unreheated); (F) 66 (un-
reheated); (G) 67; (H) 68. Bar = 0.50 mm. Arrows designate the
fiber sheath.

were strong predictors of sensory texture response (R2 > 0.84).
Color positively correlated with sensory and instrumental tex-
ture; however, a ‘halo’ effect, in which the judgment of one
parameter influences the judgment of another must be consid-
ered. All experimental treatments produced color values higher
than the commercial sample (P < 0.01), although a difference
in cultivar may be important. Similar reductions were seen for
these treatments with carrots (data not shown).

Of the three instrumental values for firmness (Table 4), force
at the bioyield provided the strongest correlation with both sen-
sory responses (Table 5). This parameter was defined as the first
small initial peak in the force—deformation puncture curve (Fig.
5). It appeared in over half the samples tested but was found
rarely when the beans were tested inner side up, and then only
in the firmest tissue. The force-deformation curves were almost
linear up to the bioyield point and, following a small region of
pseudoplastic deformation, continued in this fashion to failure.
Following failure, a second but smaller peak often occurred.
Similar curves with bioyield points have been noted for green
and ripe tomato tissue; Jackman and Stanley (1992) reported a
bioyield of ~7 N for puncture testing of mature-green tomatoes
and this value did not decrease with ripening. A bioyield point
has also been observed for other fruits and vegetables (Moh-
senin et ah, 1963; Fletcher et al., 1965). Jackman and Stanley
(1992) attributed bioyield in tomato pericarp to some property

of the tissue rather than to the testing procedure since bioyield-
ing was found consistently in both punctured and flat plate com-
pressed samples at deformation rates of 0.5-50 mm min~'.
Although the cause of bioyield in tomato pericarp was not iden-
tified precisely we hypothesized that it could have resulted from
compaction of interstitial air spaces or plastic deformation of the
middle lamella which would allow for cell rearrangement during
compression.

To better understand the significance and cause of bioyield,
samples of canned green bean treatments were examined using
the SEM. These data (Fig. 6) showed in firmer samples the
appearance of a radially located layer of small compressed cells
close to the bean surface. These appeared to be the scleriformic
layer termed the fiber sheath (Reeve and Brown, 1968 a,b)
which is composed of partially lignified, thick-walled sclereid
cells. As the bean passes through the stages of edible maturity,
wall thickening and lignification increases (Reeve and Brown,
1968b). This could explain the variation in bioyield found in
the canned bean samples which likely represented a spectrum
of maturities, and, hence, a range of initial firmness. Because of
their compressed nature, these cells would be more resistant to
puncture force than the surrounding tissue and this may account
for the appearance of a bioyield. Since it may be the firmest
tissue encountered during puncture it could have a strong effect
on sensory responses. Attempts to measure the deformation at
which bioyield occurred from force-deformation curves resulted
in a value of 1.66 mm + 0.29, while estimating the depth of
these cells from the bean surface using SEM micrographs
yielded 0.72 mm £ 0.12. These types of measurements involve
the tendency for force measuring instruments to overestimate,
and the underestimation of SEM measurements due to angle.
Thus we could not assume that these two measurements were
different. Studies of other species will be necessary before this
mechanism for bioyield can be confirmed.

Another feature of the micrographs (Fig. 6) is the striking
contrast between more firm and less firm tissue. Treatments re-
sulting in higher firmness for canned beans (e.g., 65, 66, not
reheated) exhibited a microstructure composed of cells joined
by a functioning middle lamella. Those treatments resulting in
lower firmness values (e.g., 61, 62) had an appearance charac-
teristic of plant material in which the middle lamella had been
thermally degraded, resulting in separated cells. It was possible
to discern portions of the intact fiber sheath layer in the less
firm samples (e.g., 64, Figure 6) when the cells were not ob-
scured by separated parenchyma. The fiber sheath would be ex-
pected to be heat resistant due to lignification. These data
correspond to those of Sterling (1968) and Ahmed et al. (1991),
among others, and suggested strongly that the mechanism of
firming of the treatments was to prevent thermal degradation of
the middle lamella.

CONCLUSIONS

These treatments were effective and a range of firmness could
be produced, depending upon treatment level. Increasing the
holding time of green bean samples at 65°C resulted in firmer
tissue and increasing firmness values correlated with decreasing
pectin methyl esterification. This would enable more pectin mol-
ecules to enter into cross-linking reactions with calcium. In-
creasing acid levels were associated with firmer tissue in cooked
samples. Acid, if pH values were < 4.5, also enables processing
at a much lower temperature, which greatly decreases thermal
degradation. Calcium enhances this effect, particularly at higher
pH values. As cooking proceeds, acid has more firming effect,
perhaps by loosening the tissue to allow greater penetration,
while the addition of calcium to acid brine reduced the influence
of heat. The methods increased firmness of canned green beans
and carrots and were effective especially in combination. Con-
sumer acceptance responses to these products are needed to de-
termine optimum firmness. With higher pH, the addition of
calcium can also contribute to firmness.
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Fresh Mushroom Quality as Affected by Modified
Atmosphere Packaging

S. ROY, R.C. ANANTHESWARAN and R.B. BEELMAN

ABSTRACT

co.,

rooms in modified atmosphere packages (M AP) was studied.

The effect of O, concentration, at 2-6% on shelf-life of fresh mush-
For con-
ventional mushrooms optimum

in-package O, was 6% to reduce cap

development. Mushrooms irrigated with 0.3% calcium chloride during
cropping had a higher rate of maturation and optimum O, was 2% during
storage. At this low O, concentration, however, storage may be poten-
tially hazardous and is not recommended. Surface moisture of mush-
rooms significantly increased during storage and may have obscured any
beneficial effect of MAP on mushroom color. Precise control of relative

humidity in the package is recommended.

Key Words: mushrooms, modified atmosphere, packaging, maturity in-

dex.

INTRODUCTION

Shelf-life of fresh, commonly grown mushrooms (Agaricus
bispoms) is usually limited to 1-3 days at ambient (ca. 22°C)
temperature (Burton and Twyning, 1989). Controlled atmos-
phere (CA) storage is costly and not practical for short term
storage of produce with short shelf-life, such as mushrooms.
Any beneficial effects of CA storage are lost as soon as the
produce is removed from CA. Modified atmosphere packaging
(M AP) has continuing beneficial effects until the package is
opened and can be very useful in extending the shelf-life of
fresh produce. About 50% of the U.S. mushroom crop is pro-
duced in Pennsylvania and shipped throughout the country. (Ag-
ricultural Statistics Board, 1991). MAP can provide an
economical and effective way of extending shelf life of fresh
mushrooms during shipment and marketing.

There is little published consensus on the optimum CA to
increase shelf-life of mushrooms. Gormley and MacCanna
(1967) reported that the mushroom shelf-life could be increased
by overwrapping with polyvinyl chloride (PVC) films. They at-
tributed the benefits to conservation of water, but also indicate
that the artificial atmosphere may cause chemical changes.
Sveine et al. (1967) while investigating the storage life of mush-
rooms reported that high CO,, low 02 and low temperatures,
prevented cap opening. In that work, N, with 0.1% O, and 5%
CO02in storage was optimum for maximum shelf-life. Nichols
and Hammond (1973) varied in-package gaseous concentrations
in pre-packs stored at 2 and 18°C using different films. Packages
with CO, of 10-12% and O, of 1-2% stored at 18°C resulted
in mushrooms with slowest opening of the pileus and color de-
terioration. At 2°C. CO, and O, concentrations came to equilib-
rium at about 4—10% and 11-17% respectively, depending on
film overwrap. At that temperature, mushrooms tended to dis-
color, which may have been due to the high CO,. Murr and
Morris (1974) reported that browning was slowed due to inhi-
bition of enzyme (tyrosinase) by the high CO;.

Murr and Morris (1975) reported that 0% 6, retarded pileus
expansion and stipe growth, while 5% O, promoted pileus ex-

Authors Anantheswaran and Beelman are with the Dept, of Food
Science, The Pennsylvania State Univ., University Park, PA. Au-
thor Roy is presentgvmth the Dept, of Biological Systems Engi-
neering, Univ. of Nebraska, Lincoln, NE . Direct inquiries to
Dr. R.C. Anantheswaran.

Table 175pawn type and flush at harvest of conventional and calcium

chloride irrigated m ushroom s used to study shelf-life in M AP

Irrigation Flush
Replication treatm ent Spawn type no.
1 Conventional Alpha HOW #H2 1
2 Alpha HOW #H2 3
1 Calcium chloride Hauser HOW #A93 2
2 Hauser HOW #A93 3

pansion and stipe growth after 7 days at 10°C. C02at 5% stim-
ulated stipe elongation but suppressed cap growth. Burton et al.
(1987) used a microporous with a relatively impermeable film
to overwrap mushrooms. They reported a progressive reduction
of mushroom development with lowering of O, from 14 to 4%
and increase in CO, from 7 to 20% after 72 hr. Lopez-Briones
et al. (1992) suggested that storage atmosphere should contain
25 to5% CO, and 5to 10% O,. Beit-Halachmy and Mannheim
(1992) reported that M AP seemed to have a beneficial effect on
appearance and inferred that it may be due to a microstatic ef-
fect. since M AP did not affect rate of respiration.

In studies using MAP (Nichols and Hammond. 1973, 1974,
1976; Burton et al. 1987; Burton and Twyning, 1989; Beit-Hal-
achmy and Mannheim, 1992), mushrooms have been packaged
with either PV C film or its combination with a microporous film.
Permeabilities for 0./CO, of such films were near unity. As a
result, at steady state, low O, concentration (< 10%) was accom-
panied by high C02 (> 10%) concentration.

Beelman et al. (1986, 1992) reported that addition of calcium
chloride to irrigation water during cropping delayed cap opening
and deterioration of external appearance. Solomon et al. (1991)
reported that irrigation of mushrooms with 0.25% calcium chlo-
ride solution reduced browning but appeared to increase senes-
cence. Bartley et al. (1991) studying mushroom production on
a semi-commercial scale at the Mushroom Test and Demonstra-
tion Facility (M TDF) at Penn State reported a significantly im-
proved color of mushrooms irrigated with 50 ppm Oxine plus
0.075% calcium chloride before harvest and during postharvest
storage. Considering reported differences in postharvest quali-
ties, our experiments included mushrooms watered with 0.3%
calcium chloride solution. Our objective was to determine the
effect of O,, with a relatively low level of CO, concentration,
on the shelf-life of mushrooms stored in MAP.

MATERIALS & METHODS
Mushrooms (AGARK]JSBlSPGQLB) of U-1 (hybrid off-white) strain were

grown on traditional horse manure-based compost in the MTDF at Penn-
sylvania State University. Spawn type and flush at harvest are shown in
Table 1.
within | hr after harvest and promptly placed in storage at 4°C before pack-
aging.

Different amounts of mushrooms were used to create different steady

Freshly harvested mushrooms, free of blotch, were transported

state gaseous concentrations while using the same type and thickness of
packaging film. Since the same size containers were used to package dif-
ferent amounts of mushrooms, each treatment had different void volume

and time to attain the required atmosphere.

Packaging and storage

M ushrooms were sorted by size and appearance. Diseased, damaged,

open-veiled and extremely large or small mushrooms (25 mm < cap
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diameter <
length 7 =+
100 + 5 and 120 *
rene mushroom trays (20 cm X 15 cm X 3.5 cm). The trays were in-

40 mm) were discarded. Stems were hand trimmed to stipe
2 mm. Different amounts of mushrooms (50 * 5, 80 % 5,

5 g) were weighed and placed into linear polysty-

serted into 25cm X 17.5cm. 60 gauge (0.0015 cm) polyethylene pouches
(D940, Cryovac Inc., Duncan, SC) and heat sealed to form a tight ov-
erwrap on the tray. Total volume of the packages remained constant
throughout the study. Packages were stored at 12°C and 80% RH in a
low temperature incubator (M odel 815, Lunair Environmental, Inc., Wil-
liamsport, PA).

In-package 0 2and C 02 concentrations

Gaseous concentrations in two packages/treatment were determined
every day for 9 days using a gas chromatograph (GC) (Model 5890
Series Il. Hewlett Packard Co., Avondale, PA) equipped with thermal
conductivity detector. A drop of silicone glue was placed on the surface
of a small patch of adhesive tape on pouch surface. The solidified drop
provided a septum for gas sampling, ensuring reseal of the pouch after
withdrawal of the sampling needle.

Gas samples (5 mL) were withdrawn using a syringe and injected into
a 0.25 cc sample loop of the GC to ensure adequate flushing. A 3.2 mm
stainless steel column packed with molecular Sieve 13X was used for
0 2and N, separation. Another stainless steel column, packed with Po-
ropak Q was used for CO, separation. The column was maintained at
35°C and the detector at 200°C. Flow rate of the He carrier gas was 20
mL/min. The GC was connected to a Hewlett Packard (3396A) Integra-
tor which recorded area of the peaks. Quantification of O, and CO, was
by comparing peak areas of samples to standards. Experimentally deter-
mined in-package O, and CO, concentrations were compared with the
predicted values obtained from the mathematical model described by
Roy and Anantheswaran (1994).

Measurements of quality characteristics

Six mushrooms were removed at random to evaluate quality charac-
teristics on day 0. Three trays of mushrooms from each weight category
were removed at random from the low-temperature incubator after 3, 6
and 9 days and all mushrooms in each tray were evaluated. M ushrooms
were weighed as a group immediately to estimate the fresh weight loss.
The same mushrooms were then used to evaluate maturity, surface mois-
ture and color.

Maturity index. The maturity index was assigned to mushrooms
based on extent of cap opening on a 7 point scale as described by Guthrie
(1984) (Table 2.)

Surface moisture. surface moisture content of mushrooms was meas-
ured by a near-infrared technique described by Roy et al. (1993). Each
mushroom was mounted on a sample holder after stipes were trimmed,
and scanned 25 times using the NIR System 6500 monochromator (Per-
storp Analytical, Silver Springs, MD). To obtain the spectrum baseline,
a ceramic standard was scanned 8 times before and after each mushroom.
Average reflectance of the mushroom was divided into the average re-
flectance of the ceramic reference and reported as log( /Reflectance).
The log(l/Reflectance) data were recorded at 2 nm intervals.

A calibration equation was developed using the spectra of mushrooms
(stored in packages or open air) scanned at both 4°C and 12°C. Calibra-
tion was done both with and without scatter correction using the same
wavelengths (600-2200 nm) and mathem atical treatments as reported by
Roy et al. (1993). (The standard error of prediction was 0.7 when the
equation was validated using 10 mushrooms scanned at 12°C). The equa-
tion thus developed was used to fit the log (1/Reflectance) values of the
spectra we obtained and thus predict surface moisture. Infrasoft Inter-
national software (Infrasoft International, Port M atilda, PA) was used to
collect and analyze data, perform calibration and cross-validation, and
predict moisture content of the mushrooms (Shenk and W esterhaus,
1991).

Color. surface color was measured using a Minolta Chroma Meter
(CR-200; Dynamic Electronic Sales, Churchville, PA). Before measure-
ment, the instrument was standardized with a standard white plate
(Calibration Plate CR-A43). Three measurements were done at random

locations on the cap of each mushroom and compared to the ideal mush-

room (target) color values of L = 97, a = —2, and b = 0 (Ajlouni,
1991) wusing AE as described by the following equation:
AE = [{L - 97F + {a - (-2)}- + {b}2]12 (1)

AE indicates the degree of overall color change in comparison to color
values of an ideal mushroom. AE and absolute L values were used to

describe the color of mushrooms during storage.

Table 2— Classification of stages in sporophore development3

Stage Description

Veil intact (tight)

Veil intact (stretched)

Veil partially broken (< half)
Veil partially broken (> half)
Veil completely broken

Cap open, gills well exposed
Cap open, gill surface flat

NO A WN R

3 Source: Guthrie (1984)

Statistical analysis

Studies with calcium-treated and conventional mushrooms were con-
ducted as two separate experiments and therefore, no statistical compar-
ison was made between these two treatments. Each experiment was
analyzed as a four (treatments) by three (days) factorial model with rep-
lications as blocks. Data on color, maturity index, surface moisture con-
tent and weight loss by the mushrooms were subjected to analysis of
variance (ANOVA). General Linear Model Procedure developed by Sta-
tistical Analysis System (SAS Institute, Inc., 1985) was used to perform
ANOVA and to compare treatment means within each day. To compare
rate of weight loss o: mushrooms among different treatments, the slopes
of weight loss vs time were compared. Bonferroni multiple comparison
method (p < 0.5) was used to determine the difference between slopes

and between treatments within each day (Neter et al, 1985).

RESULTS & DISCUSSION
In-package 0 2and C 0 2concentrations

The O, concentrations in packages containing 50, 80 and
100g mushrooms treated with or without calcium chloride were
similar to predicted values (Roy and Anantheswaran, 1994) cal-
culated during the first 5 days storage. After that measured O,
concentrations were higher than predicted values (Fig. la, Ib).
The rate of respiration of mushrooms in the mathematical model
(for prediction) was determined within 24 hr of harvest. Any
change in respiration rate during storage was expected to cause
a deviation in measured gaseous concentration. Therefore, the
higher in-package O, concentrations after 5 days storage were
probably due to decreased respiration. Ajlouni (1991) also re-
ported a decreased respiration rate of mushrooms after 4 days
storage in air at 12°C.

Mushrooms stored in air had a respiratory rise after 3 days
storage at 18°C (Hammond and Nichols, 1975) and at 12°C
(Ajlouni, 1991). Similar O, concentrations between measured
and predicted values for 50, 80 and 10Qg packages for the first
five days implied that there was no respiratory rise in the mush-
rooms. Packages containing 120g mushrooms had lower O, con-
centrations than predicted at the end of 2 days storage,
suggesting that respiration increased after 2 days.

A high ratio of CO, transmission rate (CTR) to O, transmis-
sion rate (OTR) for the film used prevented accumulation of
high CO, levels in the package. The CO, concentration ranged
from 2% in 50g packages to 6% in 120g packages (Fig. 2a, 2b).
As expected, 120g packages had lower-than-predicted O, and
higher-than-predicted CO, for both calcium chloride-treated and
conventional mushrooms. Beit-Halachmy and Mannheim (1992)
reported similar results and attributed the lower-than-predicted
O, to microbial activity. This lower-than-predicted O, (and
higher-than-predicted CO,) in our results with 120g of mush-
rooms could be due to higher respiration rates. Microbial
activity was not likely in 120g packages, since those containing
50, 80 and 100g mushrooms (with higher in-package O,) would
also have lower than predicted O,. Microbial activity would be
expected at higher O, and lower CO, concentrations (Brody,
1989).

Physical stresses, such as impact bruising, wounding, and tis-
sue damage, stimulate respiration of fresh vegetables (Kader,
1987). Ajlouni (1991) found increased respiration rate of mush-
rooms when they had been subjected to stresses like irradiation
and cutting of lower stipes. Researchers had indicated that
mushrooms coulc tolerate CO, levels up to 50% (Sveine et al.,
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MAP AND FRESH MUSHROOM QUALITY. ..

Conventional

21 —O— 50 g mushrooms 50g Prediction
—O— 8¢ 0 T 80g

18 & 100g —— 100g
—— 120g ————-120g

Oxygen concentration (% v/v)

o

0 1 2 3 4 5 6 7 8 9

Storage (days)

CaCl2 irrigated

SO g mushrooms 50g Prediction
21 —(0— 80g T 80g
—0— 100g - 100g
18 20 T 1208

Oxygen concentration (% v/v)

Storage (days)

Fig. 1—In-package Oz concentration attained with conventional
or calcium chloride irrigated mushrooms at 12°C.

1967; Murr and Morris,
Briones et al. (1992), 5%
In our results, mushrooms in 120g packages attained an in-pack-
5%

1974).
or higher CO, would be phytotoxic.

However, according to Lopez-

age CO, > and therefore might have been under stress.

Packages containing 50, 80 and 100g mushrooms probably had
1992).
Another possibility for higher rates of respiration of mushrooms

1991) due

less than a phytotoxic level of CO, (Lopez-Briones et al.,

in 120g packages would be the Pasteur effect (Kays.
to anaerobic respiration.

Effect of MAP on shelf-life

Weight loss. weight loss occurred in conventional mush-
rooms (Fig. 3a) and the % weight loss (Fig. 4a) varied from 3%
in 120g packages to about 4.5% in 509 packages after 9 days
This was loss of 5 to 7%
18°C (Nichols and Hammond. 1974).

weight loss in that study could be due to the higher temperature

storage. lower than reported weight

after 5 days at Higher

of storage, which increases water vapor transmission rate of

films and transpiration and respiration rates of the mushrooms.

Conventional

107 —O— 50 g mushrooms T 50g Predicton
—O— sog T 80g
—— 100g —--— 100g

g4 —— 10 = - 120g

Carbon dioxide concentration (%v/v)

Storage (days)

CacCl2 irrigated

50 E mushrooms 50g Prediction

Carbon dioxide concentration (%v/v)

T Bl T T T T T

0 1 2 3 4 5 6 7 8 9

Storage (days)

Fig. 2—In-package CO2 concentration attained with conventional
or calcium chloride irrigated mushrooms at 12°C.

Mushrooms in 509 packages had less total weight loss than

those in 100 and 120g packages throughout storage and lower
total weight loss than those
0.05). The weight
by
due to water vapor pressure difference across the packaging

and to the

in 80g packages after 6 days (p <

loss from the mushroom surface is affected

loss of water from the package to surrounding atmosphere,
film,

loss of carbon upon formation of CO, during

respiration. Mushrooms lack a protective epidermal stmeture to
prevent excessive moisture loss and therefore have very high
transpiration rates (San Antonio and Flegg. 1964). Low moisture
permeation through the film (80g m:/day; Cryovac. Duncan. SC)
is, therefore, the rate-limiting step in weight loss. Since the rate
of diffusion is dependent on vapor pressure differences, and not
the
weight loss would be expected for different amounts of mush-

once the RH

the amount of mushrooms in the package, same rate of

rooms, in the package became saturated. This as-
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Fig. 3—Weight loss of mli hrooms during storage in MAP at 12°C

t d ith water (largest standard error of mean = 0.070
?g/:?)gga C|uvﬁ'1' E%?lge |on ﬁargest standarJn error of mea?n

sumes that the weight loss due to loss in respiratory carbon is
To determine whether there was a difference in rate
the slopes of curves (Fig. 3a)
Test

negligible.
of weight loss between packages,
using Bonferronni Multiple Comparison
The rate of weight loss of 50g mushrooms

100 and 120g packages

were compared
(Neter et al., 1985).
was lower than that of mushrooms in 80,

(p < 0.05). However, after 6 days storage, rates of weight loss
were similar for mushrooms in packages of different amounts
(Fig. 3a). These results indicate that packages containing 509

mushrooms were possibly unsaturated with water vapor during

the first 6 days storage.

Similar weight loss was observed with calcium chloride-

treated mushrooms during the first 6 days storage (Fig. 3b, 4b).
Lower (p < 0.05) weight noticed for calcium

chloride-treated mushrooms in 50g packages than in those with

loss was also
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of mea

(Fig. 3b).

chloride irri-

higher amounts of mushrooms throughout storage
Like conventional mushrooms (Fig. 3a),
gated mushrooms in 509 packages had lower rates of weight
loss than those in packages of higher amounts (p < 0.05).
Maturity. A decrease of maturity index was observed with
decreased 0 2 (and increased C 02) in packages containing con-
mushrooms (Fig. 5a). Those in 50g packages (with
of 12% ) had higher maturity index (p < 0.05) than
I00g (minimum 0 2o0f 6% ) and 120g packages

of 2% ) after 6 days storage.

calcium

ventional
minimum O,
those present in
(with minimum O, No significant
differences in maturity index were observed between those in
80g packages (with minimum 0 2concentration of 8% ) and those
in 100 and 120g packages (p > 0.05). This implied that there
was no further decrease in rate of senescence when mushrooms
in MAP at 12°C.

were stored in O, concentrations <5%
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Fig. 5—Effect of MAP at 12°C on maturity index of mushrooms
irrigated with water (largest standard error of mean = 0.0.142),
or 0.3% calcium chloride solution (largest standard error of mean
= 0.154).

Murr and Morris (1975) stated that the cap opening of mush-
rooms in storage at 10°C was promoted by O, tensions lower
than air and that the stimulatory effect was maximum when
mushrooms were stored at 5% O,. Several other researchers
[Sveine et al. (1967) at 0-15°C; Nichols and Hammond (1973)
at 18°C; Burton et al. (1987) at 18°C; Burton and Twyning,
(1989) at 2-18°C], to the contrary, observed reduced rate of cap
opening with decreased 03 and increased CO,. They attributed
this effect to increased CO, rather than decreased O,, since CO,
is known to act as a regulator for mycelial growth and mush-
room morphogenesis (Hammond and Wood, 1985). Our study
at 12°C had a very low range of in-package CO, (2-6%). Burton
et al. (1987) observed negligible differences in maturity index
of mushrooms stored at 2% CO, from those stored at 6% CO,
at 18°C. Burton and Twyning (1989) also reported no differ-
ences in cap development between mushrooms stored at 2% CO,
and those stored at 3% CO, at 10°C. Therefore, we assumed

93
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Fig. 6—Effect of MAP at 12°C on color of conventional mush-

rooms. L value (largest standard error of mean = 0.528), and AE
value (largest standard error of mean = 0.560).

that the effect of CO, was negligible and differences in maturity
were probably due to differences in O, concentrations.

Lopez-Briones et al. (1992) reported retardation in cap de-
velopment of mushrooms stored at 10°C in CA chamber at 15%
CO,, and the effect was not influenced by the O, in the chamber.
However, they pointed out that CO, > 5% seemed to exhibit
phytotoxicity as shown by increased respiration rate at the end
of storage in high CO,. Therefore, the effect of reduced cap
development due to high CO, might be a physiological response
to CO, stress rather than regulatory action of CO, in mushroom
morphogenesis.

The harvested sporophore of the cultivated mushroom under-
goes a course of development and senescence very similar to
that of the growing fruit body (Hammond and Nichols, 1975).
However, substrates of mycelial origin are no longer available
for the cut sporophore which is therefore supported by substrates
present at harvest (Bonner et al., 1956). Hence the respiration
rate is important in determining onset of senescence in a cut
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sporophore. Hammond and Nichols (1975) found that the rate
of respiration of sporophores depended on the stage of cap de-
velopment after harvest. In their study, respiration rate was high
immediately after harvest, but fell rapidly during the first 5-10
hr of storage. Ajlouni (1991), however, did not report any initial
decline in rate of respiration. Both researchers observed a rise
in respiration within the first 3 days storage, which appeared to
coincide with breaking of the velum and the phase of rapid gill
development associated with cap opening. As described, the res-
piration rate of our mushrooms in 50, 80, and 100g packages
did not increase during storage. The retardation of maturation
at low 0 2 concentration therefore, was due to lowered rates of
respiration.

Mushrooms irrigated with 0.3% calcium chloride appeared to
have higher rates of maturation compared to conventional mush-
rooms during storage in MAP (Fig. 5b). Similar to mushrooms
irrigated with water, calcium chloride-treated mushrooms also
showed decreased rate of senescence with decreased 0 2at 12°C.
Mushrooms in 50 g packages (attaining a minimum in-package
O, of 11%) showed higher maturity index than those in 120g
packages (stored in minimum 0 2 of 2%) after 6 days storage or
those in 80g packages (with minimum 02 of 7%) and 10QOg
packages (with minimum 02 of 5%) after 9 days storage (p <
0.05). Mushrooms in 80g packages had higher cap development
than those in 120g packages after 9 days storage (p < 0.05).

Unlike conventional mushrooms, a very low 0 2 concentration
(<5%) was required to decrease the rate of cap development in
mushrooms irrigated with calcium chloride. Barden (1987) and
Solomon et al. (1991) also reported an increased rate of pos-
tharvest development of mushrooms irrigated with 0.25% and
0.5% calcium chloride. In higher plants, extracellular Ca2+ acts
as an inhibitor of senescence by increasing membrane integrity
and improving selective permeability of the cell (Ferguson,
1984).

Although minimum cap development was achieved with
mushrooms in 120g packages, the center of these mushrooms
was predicted to have an 02 concentration < 0.25% (Roy and
Anar.theswaran, 1994). Sugiyama and Yang (1975) found toxin
development by Clostridium botulinum in mushrooms stored in
02 concentrations of 2%, as was found in 120g packages. De-
tectable toxin in their study was not produced unless a large
number of spores were inoculated into the mushrooms. How-
ever, storing mushroom in such low 0 2 concentrations could
create a favorable micro-atmosphere at the center of mushrooms
for growth and toxin production of the anaerobic spore former
and therefore is not recommended.

Color. Many factors affect the color of mushrooms during
storage. Reduced 0 2 during storage can influence color by sup-
pression of enzymatic browning and by reduction of microbial
population (Beelman et al., 1989, Doores et al., 1987). No sig-
nificant differences in color (L and AE) were observed between
treatments for conventional (Fig. 6a, 6b) or calcium chloride
irrigated (data not shown) mushrooms (p > 0.05). These result
confirmed the findings of Murr and Morris (1974) that levels of
02> 0% had little or no effect in reducing discoloration and
tyrosinase activity. Lopez-Briones et al. (1992) found no effect
of CA in the range of 2.5% O, + 5% CO02o0r 15% 02 + 20%
CO02 on the growth of fluorescent pseudomonads, including
Pseudomonas tolaasii. Nichols and Hammond (1973) and
Burton et al. (1987) reported an improvement in color of mush-
rooms stored in MAP. Burton et al. (1987) also reported an
increase in disease symptoms by visual inspection of Pseudo-
monas tolaasii and Aphanocladium album growth with in-
creased 02 in the package. However, they attributed the effect
to the suppressing action of high C02 rather than low 02

Surface moisture. An overall increase (p < 0.05) in the sur-
face moisture occurred in conventional and calcium chloride-
treated mushrooms after 9 days storage (Fig 7a & 7b) as
measured by near infrared spectroscopy. The general consensus
among mushroom growers and researchers (Gandy 1967; Sin-
den, 1971; Gaze, 1979; and Barber and Summerfield, 1990) is
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Fig. 7—Effect of MAP at 12°C on surface moisture (as determined
by Vis-NIRS) of conventional mushrooms (largest standard error
of mean = 0.053), and calcium chloride irrigated mushrooms
(largest standard error of mean = 0.085).

that dry mushroom surfaces are the best prevention against bac-
terial blotch. Sinden (1980), and Barber and Summerfield (1990)
reported that a wet surface reduces color perception because
light is conducted deep into the cap and absorbed, whereas most
light rays are reflected from a dry mushroom surface resulting
in a higher L value. Therefore, lack of improvement in color of
mushrooms in lowered O, might be due to decreased whiteness
caused by increased surface moisture.

Conventional mushrooms stored in 50g packages had higher
surface moisture after 9 days storage (Fig. 7a). The mushrooms
in that package had a higher respiration rate (Roy and Anan-
theswaran, 1994), which resulted in more water being formed.
Those mushrooms also lost more weight (percentage, Fig. 4a)
due to higher moisture content, resulting in higher vapor loss
through the package. However, no differences (p > 0.1) in sur-
face moisture content of calcium chloride irrigated mushrooms
at different O, concentrations were observed after 9 days storage
(Fig. 7b).
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CONCLUSIONS

Different 02and C02compositions within the package can
be brought about by using different amounts (50, 80, 100, and
120g) of mushrooms in MAP. Predicted 02 and C02 concentra-
tions were very similar to measured values in 50, 80, and 100g
packages containing conventional or calcium chloride-treated
mushrooms, until 5 days storage. Packages containing 120g of
mushrooms (with and without calcium chloride treatment) had
lower 02 (and higher C02 than predicted. A progressive de-
crease in maturity index occurred with decreased 0 2 in packages
containing either conventional or calcium chloride irrigated
mushrooms. Oxygen at 5% was optimum for retardation of cap
opening of conventional mushrooms. Further reduction of 02
did not reduce the maturity index. Oxygen at 2% was optimum
for reduction of the maturity index of mushrooms when calcium
chloride had been added to the irrigation water during cropping.
This low 0 2 concentration however, could promote growth and
toxin production by Clostridium botulinum and therefore is not
recommended. The range of 02 concentrations did not affect
color of mushrooms from either irrigation treatment.
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Antioxidant Activity and Total Phenolics in Different
Genotypes of Potato (Solanum tuberosum, L.)

M.S. AL-SAIKHAN, L.R. HOWARD, and J.C. MILLER, JR.

ABSTRACT

Antioxidant activity of potato compared with that of broccoli, onion,

carrot and bell peppers was higher than all except broccoli. Patatin ap-
peared to be the major water-soluble compound that showed antioxidant
activity. The activity varied among potato cultivars. but was not related
to flesh color or total phenolics. Antioxidant activity was evenly distrib-
uted within tuber pans andor sections, except for skin tissue which had
the greatest antioxidant activity and total phenolic content. Total phen-
olics varied among cultivars, with some containing twofold higher con-
than other cultivars. Phenolic content differences

centrations were

genotype dependent and not related to flesh color.

Key Words: potato, antioxidants, phenolics, patatin

INTRODUCTION

Antioxidants are important in prevention of pollution damage
to plants, and disease prevention in both plants and animals.
Potatoes differ in susceptibility to ozone, but endogenous anti-
oxidant compounds can protect crops from injury and prevent
yield reduction (Foster et al,, 1983; Hofstra et al.. 1983). Re-
active oxygen molecules may cause damage when consumed hy-
denaturing proteins, damaging nucleic acids and membranes
(Byers and Perry. 1992). Oxidative and free radical processes
have been related to cancer initiation and promotion (Kinsler,
1986). Damage can be prevented by dietary consumption of
antioxidant compounds such as a-tocopherol (vitamin E). glu-
tathione (GSH). (3-carotene and ascorbic acid (vitamin C).
Machlin and Bendich. 1987). Diets high in antioxidant vitamins
may help reduce risk of such diseases (Block, 1992; Byers and
Pern., 1992).

Antioxidants are found in many fruits and vegetables, and
include GSH. ascorbic acid, a-tocopherol. (3-carotene, chloro-
genic acid, quercetin and other flavonoids (Jones et al., 1992;
Larson. 1988). Potato is considered a good source of antioxi-
dants such as ascorbic acid and a-tocopherol, which act syner-
gistically (Byers and Perry, 1992). Potatoes also contain flavone
aglycones, a major group of plant phenols which are potent an-
tioxidants. Potato peel contains quercetin, a flavonol with anti-
oxidant activity (Pratt and Watts, 1964). Such activity in
flavonols is attributed to their action as free radical acceptors.
Potato peel also contains chlorogenic acid, an effective antiox-
idant (Rodriguez dc Sotillo et al., 1993). Potatoes (French fries
and potato chips) are good sources of glutathione, reduced tri-
peptides, and reduced dithiothreitol (Jones et al., 1992). Gluta-
thione is a water soluble antioxidant and anticarcinogen that
helps maintain functional levels of other antioxidants such as
vitamins C and E and (3-carotene (Niki et al., 1982; Frei et al.,
1988; Jones et al.. 1992).

Potatoes are high in phenolic compounds which range from
530 pg/g to 1770 pg'g (Tripathi and Verma, 1975; Thomas and
Joshi. 1977; Reeve et al.. 1969). Phenols are important in pro-
tection and resistance of potato to soft rot caused by Erwinia
carotovora bacteria and Phytophthoru and Phoma exigua fungi
(Kumar et al.. 1992; Apomah and Friend. 1988). Natural resis-
tance from phenolic compounds inhibits growth of pathogens in
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the field and storage, and has probably saved millions of dollars
in crop loss (Kumar et al.. 1991; Ampomah and Friend. 1988;
Ghanekar et al.. 1984). Also, the presence of phenolic com-
pounds associated with glandular trichomes gives potatoes re-
sistance to aphids (Lentini et al.. 1990).

Antioxidants ar.d phenolics are important in disease preven-
tion in plants and animals, and information is limited on their
composition and distribution in different potato cultivars. Our
objectives were to (1) evaluate antioxidant activity and total phe-
nolic distribution in potatoes, (2) determine if potato cultivars
differ in antioxidant activity and total phenolic content, (3) iden-
tify compounds responsible for antioxidant activity, and (4)
evaluate potato relative to selected vegetables for water-soluble
antioxidant activity.

MATERIALS & METHODS
Plant material

Two cultivars of yellow flesh (Granola and Yukon Gold) and white
flesh (Viking and Russet Norkotah) potatoes were grown near Spring-
lake. Texas in the summer of 1992. Three tubers were harvested from
each cultivar. washed several times with distilled water and cut into
apical (A), middle (M) and stem
tioned into four sec ions, including (1) 10 mm of skin or periderm and

(S) parts. Each part was further parti-

cortex. (2) 9 mm of cortex and vascular ring. (3) 8 mm of medullary
tissue, and (4) the next 7 mm of medullary tissue (Fig. 1). Fresh carrots
1015). broccoli (cv. un-

known). potatoes (cv. Yukon gold) and bell peppers (cv. unknown) were

(cv. Danvers 126). onions (cv. Texas Granex

used for comparison of antioxidant activity.

Extraction

Potatoes and other vegetables were chopped into small pieces and
homogenized in deionized water (0.25g tissue/mL water) for 30 sec us-
ing a Tissuemizer (Tekmar. Cincinnati, OFI). Flomogenate was filtered
through miracloth (CalBiochem, San Diego. CA) into centrifuge tubes
and centrifuged at 5.000 x g Supernatant was filtered

through miracloth into test tubes. A fter capping, extracts in test tubes

for 20 min.
were boiled 5 min n a water bath to inactivate enzymes. A fter cooling
in tap water, the solution was again filtered through miracloth into cen-
trifuge tubes and centrifuged at 5,000 x gfor 15 min. Supernatant was
-40°C.
determination of antioxidant activity and total phenolic content.

stored in capped tubes at Supernatant aliquots were used for

Antioxidant procedure

Evaluation of antioxidant activity based on coupled oxidation of (3-
carotene and linoleic acid was conducted as described by Taga et al.
(1984)
mL ofchloroform. A 3 mL aliquot ofthe solution was added to a conical

with some modifications. (3-carotene (2 mg) was dissolved in 20

flask with 40 mg linoleic acid and 400 mg Tween 40. Chloroform was
removed with a rotary evaporator at 5Q°C. Oxygenated distilled water
(100 mL) was addrd to the (3-carotene emulsion and mixed well. Ali-
quots (3 ntL) of tie oxygenated (3-carotene emulsion and 0.12 mL of
the water soluble votato extract were placed in test tubes and mixed
well. The tubes were immediately placed in a water bath and incubated
at 50°C. Oxidation of the (3-carotene emulsion was monitored spectro-
photometrically by measuring absorbance at 470 nm. Sample absorbance
was measured 10. 20. 30 and 40 min after addition of oxygenated water
and incubation at 50°C. A control consisted of 0.12 mL distilled water,
instead of potato extract. Degradation rate of vegetable extracts was cal-

culated according to first order kinetics:
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Table 1—Antioxidant activity of selected vegetables and potato compo-
nents

Antioxidant Antioxidant
Vegetable activity3 Potato component activity3
Bell Pepper 14.7d2 Chlorogenic acid (300 pg/mL) 25.2b
Broccoli 95.8a Glutathione 1100 pg/rnL) 2.4c
Carrot 31.8¢c Ascorbic acid (320 pg/mL) - 10.8d
Onion 24.7cd Quercetin (15 pg/mL) 2.9c
Potato 68.7b Patatin (3 mg/mL) 68.1a

aAntioxidant activity = % inhibition relative to control.
b Means within column with similar letters not significantly different (P<0.05).

Stem-end Center

Distal-end

Fig. 1—Potato tuber parts and sections isolated for evaluation of
total antioxidant activity and total phenolic content. Section | =
10 mm of skin and cortex. Section I = 9 mm cortex and vascular
ring. Section Il = 8 mm of medullary tissue. Section IV = 7 mm
of medullary tissue.

In (ab) X 1/t = sample degradation rate

where: In = natural log. a = initial absorbance (470 nra) at time 0; b

= absorbance (470 nm) at 10. 20. and 30 min: t = time (min). Anti-
oxidant activity (AA) was expressed as % inhibition relative to the con-

trol using:

Degradation rate of control - Degradation rate of sample
AA — X 100
Degradation rate of control

Total phenolics procedure

Total soluble phenolics in potato water extracts were determined using
Folin-Ciocalteau reagent as described by Swain et al. (1959). Chloro-
genic acid was the standard.

Antioxidant activity of potato components

Solutions of glutathione (100 pg'mL). ascorbic acid (320 (ig mL) and
patatin (33 mg/mL) were prepared in distilled water. Solutions of chlor-
ogenic acid (caffeolyquinic acid, 300 gg/mL) and quercetin (3.5.7,3'4'-
pentahydroxyflavone, 15 ugml.) were prepared in methanol. Aliquots
(120 pL) were added to the oxygenated (3-carotene emulsion and anti-

oxidant activity was assessed.

Isolation of patatin

Patatin was purified from fresh tubers (cv. Superior) as described by
Bohac (1991).

Statistical analysis

Values represent the mean of three replications, with each tuber or
vegetable serving as a replication. Data were analyzed by analysis of
variance (P<0.05), and mean separation was conducted using Duncan’s

multiple range test (SAS Institute. Inc.. 1986).

RESULTS & DISCUSSION

Potatoes had exceptionally high antioxidant activity and were
higher than all except broccoli (Table 1). They have been in-
dicated as a source of water-soluble antioxidants (Pratt and
Watts. 1964), but their high ranking among vegetable crops has

Table 2—Antioxidant activity and total phenolic content of potato cultivars

Antioxidant Total

Flesh type activity3 phenolics (pg/g)
Yukon Gold Yellow 68.6bb 237.7d
Granola Yellow 89.2a 407.0b
Russet Norkotah White 88.1a 527.2a
Viking White 65.2b 369.1c

aAntioxidant activity % inhibition relative to control.
b Means within column with similar letters not significantly different (P<0.05).

0.9

—a— Control —— | — I —— m S IV

JJ/

Absorbance (470 nm)
R
1

0 10 20 30 40 45
Time (min)

Fig. 2—Typical change in color of (3-carotene/linoleic acid emul-

sion and different potato extracts. Section | = 10 mm of skin and

cortex. Section Il = 9 mm cortex and vascular ring. Section Ill =

8 mm of medullary tissue. Section IV = 7 mm of medullary tissue.

not been emphasized. Potatoes are known to contain water-sol-
uble antioxidants that act as free radical acceptors, e.g. gluta-
thione, ascorbic acid, quercetin and chlorogcnic acid (Pratt and
Watts. 1964: Reeve ct al.. 1969: Munshi and Mondy, 1989;
Jones et al., 1992). Antioxidant activity of vegetable extracts
was expressed as % inhibition relative to a control which con-
tained no plant extract. Minimal bleaching of the (3-carotene
emulsion occurred in samples treated with potato extract up to
40 min after addition of oxygenated water (Fig. 2).

Potato cultivars differed in antioxidant activity (Table 2). Gra-
nola (yellow flesh) and Russet Norkohtah (white flesh) had
greater antioxidant activity than Viking (white flesh) and Yukon
Gold (yellow flesh), which indicated that carotenoid pigments
were probably not responsible for much of the antioxidant ac-
tivity. Carotenoids are effective antioxidants, but are not water
soluble (Byers and Perry, 1992). Antioxidant distribution within
the tuber was similar in the center and distal end. but was lower
in the stem end than in the center (Table 3). Antioxidant activity
within potato parts (distal, center and stem) was similar except
for section | (skin and cortex) which had greater activity than
sections Il and Il (cortex and medullary tissue). Antioxidant
activity in the distal end of Yukon Gold was higher than the
center and stem end (Table 4). However, in Viking and Granola,
the center was higher than the stem end. In Russet Norkotah,
no difference in antioxidant activity was observed among tuber
parts. Minor differences in antioxidant activity were observed
between sections within each genotype. In Yukon Gold, section
I (skin and cortex) had higher activity than sections Il, Il and
IV. No differences in antioxidant activity among sections were
found in other genotypes.

Major differences in phenolic content were observed among
potato cultivars (Table 2). Russet Norkotah had the highest total
phenolic content, followed by Granola. Viking and Yukon Gold.
Total phenolics in distal, center and stem ends exhibited wide
variation within tubers (Table 3). A decreasing gradient in phe-
nolic concentration was observed from stem to distal end which
corroborated findings of Reeve et al. (1969). Minor differences
in phenolic concentration were observed among sections, except
for section | (skin and cortex) which contained greater levels
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Table 3—Antioxidant activity and total phenolic distribution in potato tu-
bers

Table 4—Antioxidant activity and total phenolic distribution in distal, cen
ter, and stem ends o* potato tubers as related to genotype

o Total Total Tuber parts
o Anthx!d%nt phenolics sectiond Antioxidant  phenolics Distal- Distal-
art activity (p9/9) ection activity (pg/9) end Center Stem-end end  Center Stem-end
Distal-end (A) 79.0abc 353.7¢ 1 83.2a 430.2a P " ;
Center (M) 80.50 385.0b I 75.8b 364.9b Antioxidant activity3 Total phenolics (pg/g)
Stem-end (S) 73.4b 417.2a M 74.4b 373.7b Yukon gold 74.0ab 68.8a 63.0a 206.5b 239.9ab  266.7a
v 76.7ab 372.2b Granola 93.3a 92.3a 81.9b 361.2b 399.8b 460.1a
aAntioxidant activity = % inhibition relative to a control Russet Norkotah 843a  86.0a 9342 50542 526.3 553.1a
b Section | = 10 mm of skin or periderm and cortex. Section Il = 9 mm cortex and Vlkerg . o 64'2@ . .7.6'4a ) 55.1b 341.5a 376.92 388.8a
vascular ring. Section il = 8 mm of medullary tissue. Section IV = 7 mm of medullary ~ @Antioxidant activity = % inhibition relative to a control.
tissue. b Means within row with similar letters not significantly different (P<0.05).
¢ Means within column with similar letter not significantly different (P<0.05).
Table 5—Antioxidant activity and total phenolic distribution in potato tuber sections as affected by genotype
Sections3
| I I v 1 1 I \Y
Antioxidant activityll Total phenolics (pg/g)
Yukon gold 81.3ac 65.0b 60.7b 67.4ab 271.0a 229.8ab 224.7b 225.4b
Granola 90.4a 89.0a 88.1a 89.2a 483.4a 373.7b 387.1b 383.9b
Russet Norkotah 90.4a 86.4a 86.7a 89.2a 560.6a 509.6a 520.6a 520.2a
Viking 70.8a 63.0a 62.0a 65.1a 405.9a 346.6a 362.4a 361.4a
aSection | = 10 mm of skin or periderm and cortex. Section Il = 9 mm cortex and vascular ring. Section Ill = 8 rrm of medullary tissue. Section IV = 7 mm of medullary
tissue.

bAntioxidant activity = % inhibition relative to a control.
¢ Means within row with similar letters not significantly different (P<0.05).

than other sections (Table 3). The stem end of Yukon Gold and
Granola had higher phenolic content than the distal ends (Table
4). Total phenolic content within sections of each cultivar were
compared (Table 5). In Yukon Gold and Granola, section I (skin
and cortex) had higher total phenolic content than other sections,
while sections Il, 1l and IV contained similar levels of total
phenolics. Levels of total phenolics we found were lower than
those previously reported (Tripathi and Verma, 1975; Thomas
and Joshi, 1977; Reeve et al., 1969). Differences may be attrib-
uted to genetic and environmental conditions in which the po-
tatoes were grown. Correlation analysis between antioxidant
activity and total phenolic content showed a low positive cor-
relation (R2 = 0.31, p = 0.0001), indicating phenolics were a
minor contributor to antioxidant activity in potato cultivars.
Large variability in antioxidant activity indicated that the trait
is related to genetics, implying a potential to breed potatoes with
higher antioxidant activity.

Antioxidant activity of water-soluble compounds present in
potatoes were compared (Table 1). Concentrations reflect
amounts typically found in fresh potatoes. Patatin at 33 mg/mL
(Storey and Davies, 1992) exhibited antioxidant activity that was
very similar to that in potato extracts. Patatin is a water-soluble
glycoprotein that can account for up to 40% of the total soluble
protein in potato (Park, 1983). Soluble protein is evenly distrib-
uted in potato tubers (Neuberger and Sanger, 1942; Burton,
1966), which may account for minor differences within tubers.
Cortex tissue is reported to have higher soluble protein content
than pith (Munshi and Mondy, 1989), which is consistent with
section | (skin and cortex) having higher antioxidant activity
than section 1l (8 mm medullary tissue). Other plant proteins
are reported to have antioxidant activity (Pratt, 1972). Chloro-
genic acid at 300 pg/mL (Reeve et al., 1969) also had significant
antioxidant activity. Chlorogenic acid extracted from potato peel
was an effective inhibitor of lipid oxidation (Rodriguez de So-
tillo et al., 1993). Chlorogenic acid is especially abundant in
potato peel, which was consistent with section | (skin and cor-
tex) having greater antioxidant activity and total phenolic con-
tent than other sections. Glutathione at 100 pg/'mL (Jones et al.,
1992) and quercetin at 15 pg/mL (Pratt and Watts, 1964) ex-
hibited minor antioxidant activity. These compounds have been
reported to have antioxidant and anticarcinogenic properties
(Jones et al., 1992; Leighton et al., 1992). Ascorbic acid at
320pg/mL (Storey and Davies, 1992) promoted bleaching of the
(3-carotene emulsion. Ascorbic acid is a potent reducing agent

and acts as a free radical scavenger (Niki, 1991). However, in
the presence of metals, it may act as a prooxidant (Bendich et
al., 1986). Metal contamination of water used in the antioxidant
assay may have contributed to the prooxidant effect.
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Microwave Pre-treatment for Sun-Dried Raisins

A. E. KOSTAROPOULOS and G. D. SARAVACOS

ABSTRACT

Commercial sun-drying of raisins requires a long lime,
The feasibility of
improving the sun-drying process of grapes by microwaves was inves-

and chemical
pretreatments are used to increase the drying rate.
tigated. Sultana seedless grapes, dipped in alkali solution, were pre-
treated in a domestic microwave oven and dried by direct solar radiation.
The

microwave-treated grapes dried nearly two times faster than the controls.

Microwave pre treatment reduced the moisture content by 10-20% .

Blanching in boiling water had the same effect on the drying rate as
microwaves. Color and appearance of treated grapes were comparable

to commercial products.

Key Words: raisins, grapes, sun drying, microwave pre-treatment

INTRODUCTION

Raisins are produced by sun-drying special cultivars of
grapes, like Sultana seedless (light-colored) and Corinth currants
(black-colored). The grape bunches, spread on cloth or in paper
boxes, or hung under a transparent plastic film, are exposed to
direct sunlight. Drying proceeds slowly for 2-3 wks until a
moisture content of about 16% is reached (Somogyi and Luh,
1986). The long drying time is undesirable for economic reasons
and because of the danger of contamination and spoilage of the
product exposed to the open environment. The slow drying rate
of grapes is caused by low water diffusivity in the flesh and low
water permeability of grape skin (Raouzeos and Saravacos,
1986). The drying rate can be increased by methods removing
the surface resistance of the grapes, e.g. by chemical pre treat-
ments, such as dipping in solutions of alkali or ethyl oleate
(Saravacos et al., 1988). The transport of moisture in food sys-
tems is usually controlled by diffusion of water molecules within
the mass of material (Saravacos, 1986). Moisture diffusivity de-
pends strongly on the physical structure of the material. Low
diffusivities are found in gelatinized and sugar-containing foods,
while moisture diffuses much faster in porous materials. Treat-
ments of foods that increase porosity (void fraction), such as
puffing, can increase substantially the drying rate of products
(Marousis et ah, 1991).

Microwave heating has been applied to some special drying
operations, where the normal heat transfer mechanisms of con-
vection and conduction are rate-limiting. Microwave or dielec-
tric heating of food materials is based on the higher dielectric
constant of water, compared to other components (Owusu-An-
sah, 1981). The high absorption of microwave energy by water
molecules results in higher heating and drying rates of the food
(Schiffmann, 1987; Rosenberg and Bogl, 1987). Microwave or
dielectric energy has found limited applications in food proc-
essing due to the relatively high cost of equipment and technical
problems of processing operations (Anonymous, 1989; Giese,
1992; Schiffmann, 1992). By contrast, microwave ovens have
been used extensively for quick heating of foods at home.

Due to the high cost, microwave energy can not compete with
conventional air-drying. However, microwaves may be advan-
tageous in the last stages of air-drying, when conventional dry-
ing is very slow. Microwaves can improve the rehydration

Authors Kostaropoulos and Saravacos are with the Dept, of Food
Science & Technology, Agricultural Univ. of Athens, lera Odos 75,
Votanikas, Athens Greece. Author Saravacos' present ad-
dress: Astydamantos 30, Athens 11634, Greece.

Table 1—Pretreatment of Grape Samples

Alkali Blanching Microwave Microwave
Sample dipping time power time
no. (min) (min) (watts) (min)
Sl 1 - M (325) 0.5
S14 1 — M (325) 1
S41 1 — L (215) 2
$42.516 1 — M (325) 2
$43 1 — H (430) 1
S44 — 0.5 — —
S45 — 0.5 L (215) 2
S46 1 0.5 L (215) 2
S47 1 - — -
$48,5110 — — — —

capacity of some dried foods, by increasing their bulk porosity
(puffing). Huxsoll and Morgan (1968) reported a combination
drying process in which diced potato and apples were air-dried
to about 50% moisture content and then microwave-dried in air
or vacuum, resulting in puffed products of improved rehydration
quality.

There is a definite need for increasing drying rate and im-
proving the quality of sun-dried raisins. Little has been reported
on the combination of microwaves with sun-drying of food
products. Our objective study was to explore the feasibility of
improving the sun-drying process by microwave pre treatment
of grapes.

MATERIALS & METHODS

Grapes

Sultana seedless grapes, produced in the Corinth district of Greece,
were harvested at maturity normal for raisin processing. The berries were
separated by hand from the stems and they were kept refrigerated at 5°C
before pre treatment and sun-drying. The berries with their cap-stems
left on, had an ellipsoid shape with length 15-18 mm and diameter 12-
14 mm. The average berry weight was 1.28 g. All berries of a sample
were taken from the same grape cluster, which weighed 800-900 g.

Dipping and blanching

Each experimental sample of grapes consisted of about 100 g of ber-
ries of about the same size. Except for the control and two of the three
blanched samples, all other grapes were prepared by dipping in a solu-
tion 0f 2.5% K2COj + 0.5%
commercially to

olive oil for 1 min. Alkali dipping is used
‘check’ the skin of the grapes and increase drying rate
(Raouzeos and Saravacos, 1986). Thermal blanching of the grapes was
carried out by immersing the berries in boiling water for 0.5 min, fol-

lowed by cooling in chilled water to room temperature (=23°C).

Microwave pre-treatment

Fresh, dipped or blanched grapes were treated in a microwave oven
Sharp model R-6280
(B). maximum nominal power output of 650 W at 2450 MHz, was used.

before sun-drying. A domestic microwave oven.

A single layer of about 100 g of grape berries was placed in a ceramic
plate and microwave-treated for 0.5 to 2 min at of the following nominal
power settings: 215 W, 325 W or 420 W, indicated as treatments, 1(low),
m (med), and h (high) respectively. The power output was regulated by
on-off control. The grape samples were weighed before and after micro-
wave treatment to estimate moisture loss. Samples were rotated during
treatment for even absorption of microwave energy (Table 1).
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Fig. 1—Effect of alkali dipping and microwave treatment on the

sun-drying rates of Sultana grapes. S42 Microwave treatment:
325 W <M), 2 min.

160 180

Table 2—Reduction of moisture content of grapes due to microwave treat-
ment

Water loss %

Microwave . .

treatment Microwave power setting

(min) L (215wW) M (325W) H (420W)
0.5 - 6.6 14.7
10 - 18.8 14.7
2.0 15.6 35.7 -
35 33.3 — —

Sun-drying

Treated and control grapes were placed in ceramic plates and sun-
dried by direct exposure to solar radiation. Average daylight solar
radiation at the site of the experiments during September was 500 W
m: and average daylight temperature was 22°C. The loss of moisture
during drying was recorded by weighing samples periodically in a Met-
tler balance. Drying was completed after raisins reached the normal
moisture content of commercial products, i.e. about 16% wet basis. The
moisture content was determined by drying samples in a vacuum oven
at 703C for 24 hr. and it was used to calculate moisture content on dry

basis (kg water/kg dry matter).

Color and water activity of raisins

The color of sun-dried raisins was determined with a Minolta Color-
imeter, model CR-100. The raisins were placed in cups of 5 cm diameter
and 3 cm depth. Every sample was pressed sufficiently, so that the sur-
face appeared flat. Three measurements were made at different points of
the sample. Cups were reloaded and 3 additional measurements were
made. The procedure was repeated 7 times, so that 21 measurements
were made on each sample. The appearance (shape and characteristic
structure) of the raisins was determined by visual inspection and color
photographs of single layers of dried products.

The sorption isotherms of the raisin samples at 25°C were determined

by the gravimetric method of COST 90 (W olf et ah, 1984).

RESULTS & DISCUSSION

Results from our preliminary investigation demonstrate the im-
portance of microwave treatment on drying rate and quality of
sun-dried raisins. Dipping Sultana grapes in an alkaline solution
of 2.5% K.CO, + 0.5% olive oil increased the drying rate sig-
nificantly. The alkali dips of various combinations were used
commercially to improve sun-drying of raisins (Raouzeos and
Saravacos. 1986).

In our experiments, effective drying time was reduced by 45%
with alkali dipping. Effective drying time is defined here as the

* s41-1/2

+ s42-1172

X 543-IV/1

A $47-Ctrl.Dip.

X $48-Ctrl.Undip.

80

Relative moisture content, %

20 1 1 1 1 L I 1 1 1 1 1

40 60 80 100 120 140 160 180 200 220 240

Time of sun-drying, h
Fig. 2—Sun-drying curves of microwave-treated Sultana grapes:
§41: 215W (L), 2 min. S42: 325 W (M), 2 min. $43: 430 W (H), 1
min.

time required to cry grapes from the initial moisture content of
the sample (e.g. 75% wet basis or 3.0 kg water/kg dry matter,
dry basis) to the normal moisture content of commercial prod-
ucts (16% wet basis or 0.2 dry basis). Sun-drying curves of
dipped and control (undipped) grapes (Fig. 1) showed the ef-
fective drying time was reduced from 290 to 160 hr by alkali
dipping. The increase of drying rate by alkali/oil treatment may
be caused by loosening the skin (cuticle) structure of waxy ma-
terials and skin polymers (Saravacos et al., 1988).

Microwave pre treatment of alkali-dipped grapes for short
times (I or 2 min) resulted in a loss of 10-20% moisture. In
the range of microwave power-exposure time we used, the loss
of moisture (dry basis) increased almost linearly with the power
output (Table 2). The sun-drying time of the treated grapes was
reduced in all experimental runs. Thus, pre treatment 1(215 W)
for 2 min reducec the effective drying time from 160 to 140 hr.
By raising the microwave power to 325 W (treatment m), ef-
fective drying time was reduced to 105 hr, i.e. a 40% reduction
from the alkali dipped control (Fig. 1 2).

The reduction of sun-drying time by microwave pre treatment
may be caused by removal of 10- 20% moisture during pre treat-
ment. Also a change of the physical structure may occur in the
grape berries. The absorption of microwave energy by water
molecules in the interior of the berries results in rapid evapo-
ration, causing partial puffing. Thus, the moisture diffusivity
during sun-drying may increase considerably, due to increased
porosity of the treated grapes (Marousis et ah, 1991). A similar
effect was reported by Tulasidas et al (1993) and Raghavan et
al (1994).

Higher sun-drying rates of alkali-dipped grapes were obtained
by increasing the microwave treatment time, e.g. from 0.5 to 2
min at 325 W (Fig. 3). Initially, higher drying rates were ob-
served with increasing power output, but all drying curves
tended to end at about the same time. The observed initial ac-
celeration of drying may be caused by an opening of the phys-
ical structure allowing rapid evaporation and transport of water.
However, all microwave-treated samples tended to dry slowly
at the last stages of sun-drying, presumably due to collapse
(shrinkage) of tie raisin structure. The water diffusivity in
grapes increased with microwave treatment, especially at inter-
mediate moisture contents (Raghavan et ah, 1994). Application
of microwaves to fresh (undipped) grapes was not successful in
our experiments, since the berries bulged and exploded, due to
the low water permeability of the grape skin. The bulged and
exploded berries gave a dried product that was completely dif-
ferent from the familiar shrivelled raisins. A combination of
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Fig. 3—Effect of microwave-treatment time on the sun-drying
rate of Sultana grapes: S13: 325 W (M), 0.5 min. S14: 325 W (M),
1 min. S16: 325 W (M), 2 min.

alkali dipping and short-time microwave treatment appears
promising process for reducing sun-drying time.

Thermal blanching (0.5 min in boiling water) resulted in a
significant reduction of sun-drying time, an effect similar to mi-
crowave pre treatment (samples S41-S44, Fig. 4). A combina-
tion of blanching and microwave pre treatment had the same
effect on sun-drying as blanching or microwaves alone. Little
improvement of sun-drying rate was observed by a combined
treatment of alkali dipping, thermal blanching and microwave
treatment.

Quality of pre-treated raisins

In addition to improvement of the drying process, the pre
treatment of grapes should not damage the quality of dried prod-
ucts. The basic quality characteristics of sun-dried raisins are
color, size, appearance and water activity. The first three prop-
erties are used by inspectors for grading sun-dried products.

The three color parameters (L, a, b) of experimental raisins,
(Table 3) were compared as well as the ratio L/(a/b) and its
functions which has been used as quality indicators for raisins
and other fruit products (Thai, 1993). This factor correlated well
with visual observations, since it takes into consideration all
color parameters. The color parameter (L) of the sun-dried rai-
sins increased significantly in the microwave treated sample
(S42), meaning that the product was lighter (less brown) than
untreated samples (S48). Higher positive values of (b) corre-
spond to more redness, while higher positive values of (a) sig-
nify more yellowness. The highest value of the factor L/(a/b) =
48 was observed in the microwave-treated samples S42, S43
(treatment m for 2 min). This factor was 23 in the commercial
product and >50 in commercial raisins treated with sulfur di-
oxide (bleached raisins).

In addition to the data shown (Table 3) the color of four more
samples (S13, S14, S16 and SI 10 of Table 1) was determined
with a Hunter Lab colorimeter. Color readings were similar to
data obtained with the Minolta colorimeter (Table 3). The ap-
pearance of dried raisins, by visual inspection and color pho-
tography, showed that the microwave-treated product had a
similar appearance to commercial products.

Moisture sorption isotherms of the raisins were not affected
by microwave pre-treatments (Fig. 5). The similarity of water
activities of experimental samples indicated that little chemical
or physicochemical changes were brought about by these pre
treatments. No change in water activity indicated that the treated
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Fig. 4—Sun-drying curves of microwave-treated and heat-
blanched Sultana grapes: S41: 215 W (L), 2 min. S42: 325 W (M),
2 min. S43: 430 W (H), 1 min. S44: Blanched at 100°C (Z), 0.5 min.
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Fig. 5—Water sorption isotherms of microwave-treated and heat-
blanched raisins: S41: 215 W (L), 2 min. S42: 325 W (M), 2 min.
S44: Blanched at 100°C, 0.5 min. S47: Commercial raisins.

tabte 3—Colorimetric parameters of experimental raisins

Sample no a b L U(a/b)
s41 7.13 10.11 22.09 31.32
S42 8.35 14.26 28.18 48.13
S43 5.72 9.20 21.14 34.00
S44 7.30 10.42 24.30 34.69
S45 7.07 9.25 24.45 31.90
S46 6.98 9.21 23.24 30.64
S47 5.86 8.63 21.98 32.37
S48 5.60 841 21.70 32.59

product could be stored, handled and utilized the same way as
commercial raisins.

The increase of lightness (L) of the microwave-treated raisins
was evidently the result of the higher drying rate during sun-
drying, and/or shorter drying time which resulted in less expo-
sure to the sun. Prolonged drying time and high temperatures
are known to increase browning (Gee, 1980). More severe treat-
ment by a combination of thermal blanching and microwave
treatment reduced the color of the product (S46), presumably
due to increased nonenzymatic browning.
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The improvement of color of the microwave-treated raisins
may be also due to partial inactivation of enzymes, e.g. poly-
phenoloxidase (enzymatic browning) in the early stages of dry-
ing. Browning enzymes are heat sensitive, and absorption of
microwave energy causes rapid heating of food materials. Ad-
ditionally, non enzymatic browning may have been reduced at
the last stages of drying by the high drying rates of the treated
grapes. The improvement of drying rate and quality of sun-dried
raisins by microwaves is a good incentive for exploring further
the feasibility of commercial applications of the process.
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Sorption Changes Induced by Osmotic Preconcentration of
Apple Slices in Different Osmotic Media

H.N. LAZARIDES, A. NICKOLAIDIS and E. KATSANIDIS

ABSTRACT

Changes in sorption of dehydrated apple slices induced by osmotic pre-
concentration (OP) in two different osmotic media were studied. A 55%
solution of 38 DE Com Syrup Solids (CSS)
were used. Sorption isotherms for osmo-vacuum and vacuum dehydrated
product were established and fit to the Guggenheim-Anderson-de Boer
(GAB) model. Sorption isotherms of both dehydration treatments shifted
with respect to control isotherms. OP

sucrose solution and a 55%

in sucrose solution resulted in
slight reduction of total sugars and gave the most pronounced isotherm
shift, while OP in CSS solution resulted in extensive losses of sugars
and a lesser isotherm shift. OP resulted in a product with less sugars
than the conventionally dried product, especially when CSS were used.

Key Words:
motic media

apple slices, osmotic concentration, sorption changes, os-

INTRODUCTION

Osmotic preconcentration (OP) is a method of partial de-
hydration by immersing a food material in a highly concentrated
solution. It is a minimal process, carried out at relatively low
process temperatures (usually <50°C) without phase change. OP
has attracted much research interest and demand for commercial
applications has grown (Lerici et al., 1988; Nanjundaswamy and
Madhakrishniak, 1989). OP provides advantages over conven-
tional dehydration processes, including flavor and aroma reten-
tion (Ponting, 1973) and substantial energy savings (Lcnart and
Lewicki, 1988; Collignan et al., 1992). Furthermore, it provides
the potential to freeze/thaw texture-sensitive fruits and vegeta-
bles (i.e. melon, strawberries, cucumbers) and constitutes a
promising process for freezing-preservation of such products
(Lazarides, 1994a).

Developments in OP have been reviewed by Raoult-Wack et
al. (1992) and Lazarides (1994b). Solute uptake is sometimes
considered a major deficiency of OP as it modifies product com-
position and may alter natural nutrient profiles. Leaching of
product solutes (sugars, acids, minerals, vitamins) into the me-
dium, may also affect the sensory and nutritional characteristics,
although it is considered quantitatively negligible (Dixon and
Jen, 1977).

Solute uptake also affects product rehydration (hygroscopic-
ity), which for osmotically dried fruit is lower than the untreated
in both rate and extent (Ponting et al., 1966; Lerici et al., 1977).
This is due to the lower rehydration of sugar in the product,
compared to natural tissues. The longer the osmosis time, the
lower was the rehydration rate and extent of osmo-convection
in dried carrots (Lenart, 1991).

Knowledge of sorption characteristics is essential for design-
ing complimentary processes (i.e. convection, vacuum or freeze
dehydration), assuring proper rehydration characteristics and for
determination of packaging requirements to provide a desired
shelf life. Despite the large volume of work on OP, publications
on sorption characteristics of osmotically dehydrated products

Author Lazarides is with the Dept, of Food Science & Technology,
School of Agriculture, Aristotelean University of Thessaloniki,
Box 255, Thessaloniki 540 06, Greece. The present address for
Authors Nickolaidis and Katsanidis is Dept, of Food Science, Univ.
of Minnesota, 1334 Eckles Ave., St. Paul, MN 55108,

are rather limited (e.g. Adambounou and Castaigne, 1983; Lerici
et al., 1985; Lenart, 1991).

Our main objective was to examine possible changes in sorp-
tion characteristics of osmotically preconcentrated apple slices
(a model fruit) as related to different patterns of solute exchange
caused by the use of different osmotic media. The effects of the
most extensively used osmotic solute (sucrose) were compared
with com syrup solids (Lazarides et al., 1994).

MATERIALS & METHODS
Osmotic preconcentration—Vacuum dehydration

Apples (var. Granny Smith) were used as a model fruit, since they
provide fairly homogeneous flesh structure and convenience in obtaining
standardized (in size and shape) samples. The specific cultivar was se-
lected for its good post harvest stability in terms of maturity and hard-
ness. Sample preparation and experimental procedure were described in
detail in a previous publication (Lazarides et al., 1994). Sugar and com
syrup solids (38 DE) were used as osmotic solutes. The osmotic solution
concentration was 55%, the solution/product ratio was 30:1 and the os-
motic process was continued for up to 5 hr at 50°C under continuous
gentle stirring.

Following preconcentration, apple slices were vacuum

dehydrated to constant weight at 60°C and 6.7 kPa.

Sorption isotherms

Sorption isotherm data were produced through moisture equilibration
of dehydrated samples over saturated salt solutions of known relative
humidities (static gravimetric method) at constant temperature (30°C).
Sorption isotherms were developed according to the standard procedure
described in the COST 90 project of EEC (Spiess and Wolf, 1983).

Ten 1-L glass jars (hygrostats) were used, each containing a saturated
salt solution selected to produce a specific relative humidity (Greenspan,
1977). The following salts were used to give corresponding relative hu-
midities (in parenthesis): LiCl (0.113), K(CH3COO) (0.216), MgCfi
(0.324), K,COs (0.432), KNO, (0.472), Mg(N03), (0.514), NaNOj
(0.633), NaCl (0.751), (NH4)2S04 (0.806) and KC1 (0.836).

Equilibration was reached within 15 days. During that period the hy-
grostats were kept immersed in a custom made, well insulated and cov-
ered water bath with good water circulation and close temperature
control (+/— 0.2°C). A small amount of thymol was used to prevent
fungal growth in the higher relative humidity hygrostats. Equilibrium
moisture content was determined by vacuum dehydration according to
AOAC (1990) method number 934.06.
with each hygrostat and equilibration was run with three different sets
of samples from three different osmotic preconcentration runs.

Triplicate samples were used

Isotherm modelling

Sorption isotherm data were fitted to the GAB (Guggenheim-Ander-
son-de Boer) equation. Comparative analysis has established that this
mathem atical model best describes sorption isotherms of most foods for
the widest water activity range (Van den Berg, 1985). Each of the three
GAB constants has a specific physical meaning.

The GAB equation can be written in the following form:

m = m,Ck a, 7[(I - kaj(l - ka. + Ck aj] (1)
where: m is the equilibrium moisture content in g water/g dry solids, mD
is the monolayer moisture content (in g water/g dry solids), C is the
Guggenheim constant related to heat of sorption for the first layer, k is
a constant related to the heat of sorption for multilayer water, and a®. is

water activity.
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Fig. 1—Sorf)tion isotherms for vacuum and osmo-vacuum dehy-
drated apple slices using two different osmotic media.
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The GAB equation constants were calculated using the steepest ascent
optimization technigue in a BET/GAB computer program (developed by
Kathy Nelson and Theodore P. Labuza, Food Science Dept., Univ. of
Minnesota). Besides the three equation constants, heat of sorption (Qs),
% standard error and the mean relative deviation modulus (P) were also
calculated. P is a criterion used to evaluate goodness of fit and is de-

scribed by the following equation (Lomauro et al., 1985):

P = (room) X,., I(m - mMN/m, )

where: m, is the experimental (observed) equilibrium moisture content,
is the predicted equilibrium moisture content, and n is the number

of observations.
P-values <5.0 indicate an excellent fit, while values >10.0 are indic-

ative of a poor fit.

Sugars

Fructose, glucose and sucrose determination was carried out by HPLC
according to the procedure described by Wilson et al. (1981). A W aters
Chromatograph was used consisting of a Model 510 solvent delivery
system, a W aters pBondapak Carbohydrate Analysis column (3.9 X 300
mm), a Model 410 Differential Refractometer detector and a Rheodyne
7125 injector. Data were acquired and analyzed using a W aters M axima
820 work station. The mobile phase was 80% acetonitrile in water and
the fiow rate was 1.8 ML/min. Triplicate samples were run for each
treatment.

RESULTS & DISCUSSION

Sorption isotherms for the three experimental treatments were
compared (Fig. 1). All isotherms had a shape characteristic of
hygroscopic materials, with low equilibrium moisture contents
at low or moderate awand sharply increased moistures at higher
aw Sorption isotherm constants and regression parameters (Ta-
ble 1) from vacuum dehydrated apples gave a satisfactory fit to
the GAB model (P = 6.4%), while those for osmo-vacuum de-
hydration in sucrose and CSS solution gave a poor (P = 14.5%)
or mediocre fit (P = 9.7%). These results confirmed generally
those reported by other researchers (Lomauro et al., 1985). Note
that both osmotic media resulted in shifting and distortion of
the sorption isotherm with respect to the control, strongly af-
fecting the degree of fit. OP in sucrose solution gave the widest
shift and the largest distortion (largest P-value). In terms of
product rehydration, the observed isotherm shift indicated better
rehydration characteristics for the control compared to both OP
treatments, with sucrose solution giving lowest product rehy-
dration.

Differences among sorption isotherms are reflected on certain
GAB constants. The monolayer moisture content (mQ for the
vacuum dehydrated product was higher than that of either OP
treatment and well within the range of values reported by others
(Lomauro et al., 1985). Following OP, the monolayer moisture
content was decreased by ca. 35% for sucrose solution and 20%
for CSS solution, compared to that of the control.

The remarkable feature of all three apple isotherms was the
fact that the sorption term became significant at very low au

Table 1—GAB constants and regression parameters for sorption isotherms
of vacuum and osmc-vacuum dehydrated apple slices

Osmo-vacuum dehydrated

Vacuum

dehydrated Sucrose CSS
Parameter (control) soin soin
mo, g water/g sol- 0.0775 0.0514 0.0630
ids
C 9.31 19.62 15.40
k 113 114 114
Qs, cal/mole 1321 1763 1619
Std error, % 0.3389 1.0486 1.6192
P value, % 6.4 145 9.7

Table 2—Sugar prof le changes induced by osmotic preconcentration of
apple slices in different osmotic media

Sugar concentration, g/g dry solids

Vacuum Sucrose Corn syrup solids
dehydrated Preconcentration time

Sugar (Cortrol) 1hr 5 hr 1hr 5 hr
Fructose 0.3350* 0.2190 0.2124 0.2834 0.1896
(+/- s.d.) (0.0035) (0.0105) (0.0025) (0.0018)  (0.0026)
% change -34.6% -36.6% -15.4%  -43.4%
Glucose 0.3543 0.2520 0.2126 0.3144 0.1575
<+/- s.d.) (0.0220) (0.0089) (0.0024) (0.0042) (0.0014)
% change -28.9% -40.0% -11.3%  -55.6%
Sucrose 0.Us1 0.3370 0.3684 0.0939 0.0235
<+/- s.d.) (0.0011) (0.0148) (0.0041) (0.0055)  (0.0047)
% change +127.6%  +148.7% -36.6%  -84.1%
Total 0.8374 0.8080 0.7934 0.6917 0.3706
% change -3.5% -5.3% -17.4%  -55.8%

* Means of triplicate samples (+/- standard deviation!.

(below 3.0), whic.i also confirmed reports of other workers (Rot-
stein and Cornish, 1978). According to Jeffrey (1982), at very
low moisture contents internal hydrogen bonding occurs in car-
bohydrate molecules. Such molecules are then organized in a
crystal lattice by including as many hydrogen bonds as possible,
providing to the outside a hydrophobic interface.

A 34% and 23% increase in heat of sorption (Qs) occured for
the two osmotic treatments, compared to the control. This was
naturally translated into higher water binding forces and respec-
tively more energy required to remove water during dehydra-
tion. At the same water content, sucrose-impregnated products
dried slower than fresh ones (Collignan et al., 1992).

As shown (Fig. 1), a definite isotherm shift occured between
the two OP treatments and the control. This shift was probably
due to compositional changes occurring during osmotic precon-
centration in different osmotic media. Sugar profile changes in-
duced by the osmotic preconcentration treatments were followed
(Table 2).

During OP in sucrose, the product showed a high loss of
fructose (ca. 'Athe initial content) and this loss occured within
the first hour of preconcentration (Table 2). When CSS were
used as osmotic solute, only half of that loss was observed
within the first hour. As OP proceeded, however, drastically
higher levels of fructose loss were attained (43% vs. 15%). Glu-
cose losses followed a similar pattern, although with greater
differences between 1and 5 hr of OP for both osmotic media.
72% of glucose losses were observed within the first hour, while
respective losses for CSS were 20% of total (5 hr) losses.

A totally different behavior of the two osmotic media occured
with respect to sucrose losses. OP in sucrose solution resulted
in extensive sucrose uptake (up to 150% the original content
with 85% of the total uptake occurring within the first hour).
However, OP in CSS resulted in massive losses of sucrose, leav-
ing the final product with only 15% its initial sucrose content
after 5 hr.

Overall, OP in sucrose solution resulted in high losses of fruc-
tose and glucose, and extensive increase of sucrose. Major part
of these changes (57% for fructose, 72% for glucose and 85%
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Fig. 2—Sugar profile changes induced by osmotic preconcentra-
tion of apple slices in two different osmotic media for 5 hr at 50°C.

for sucrose) occured within the first hour of OP. On the other
hand, OP in CSS resulted in high losses (43 to 84% the initial
content) for all 3 sugars with much lower losses within the first
hour (20 to 44% of total losses).

In terms of total solids exchange, OP in sucrose solution gave
a small net loss of solids (3.5% within the first hour, 5.3% in 5
hr). OP in CSS resulted in extensive net loss of solids, reaching
17% within the first hour and exceeding 55% the original
amount in 5 hr. As a result, the final CSS product had — half
the total sugar content of the final product which was treated in
sucrose solution. Compared to the sucrose product, the CSS
product had — 10, 25 and 95% less fructose, glucose and su-
crose, respectively. Such selective leaching of sugars resulted in
a sugar profile which could be desirable to consumers as reduced
calorie products.

Total sugar levels and sugar profiles for the 3 treatments were
graphically compared (Fig. 2). Differences among treatments in
total sugars and sugar composition were reflected in sorption
effects. Different sugars exhibit different water sorption prop-
erties; i.e. the ability of amorphous glucose to sorb a given
amount of water is greater than that for crystalline sucrose
(Smith et al., 1981). This may be due to differences in binding
site availability and bond energies for different structures. At
low moisture levels water is strongly bound to active sites and
does not enhance solution or plasticizing processes (Van den
Berg and Bruin, 1981). At higher levels, however, a combina-
tion of actions occurs resulting in a sharp increase in adsorptive
capacity, as evidenced in all three experimental isotherms (Fig.
1). Such actions include solution, new site creation (by swell-
ing), plasticizing and water-water adsorption. Minor sugars and
other soluble constituents probably dissolve before the main
sugars. These observations have important practical effects, es-
pecially in dry product rehydration and rehydrated product sta-
bility.

CONCLUSIONS

Osmotic preconcentration (OP) of apple slices in sugar so-
lutions was followed by massive exchange of sugars between
products and the osmotic medium. This exchange strongly re-
lated to the osmotic solution and was faster within the first hour
of OP. OP in solution of CSS resulted in massive leaching (loss)
of sucrose and limited losses of fructose and glucose, providing
a final product with half its initial sugar content. OP in sucrose
solution, however, provided a more stable total sugar balance,
due to extensive uptake of sucrose counteracting most losses in
fructose and glucose. Early interruption of OP had much greater
impact on solids exchange after use of CSS than after use of
sucrose. OP in CSS favored retention of fructose and glucose,
and diminished loss of sucrose and total solids. Sugar exchange
during OP resulted in highly modified sugar profiles of final
products with significant effects on sorption. An isotherm shift
occured in the vacuum dried product, caused by differences in
binding properties of the three main sugars. The practical con-
sequence was different product responses to dehydration and
rehydration processes.
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Expression of Anthocyanins in Callus Cultures of Cranberry
(Vaccinium macrocarpon Ait)

D.L. MADHAVI, M.A.L. SMITH, and M.D. BERBER-JIMENEZ

ABSTRACT

Expression of anthocyanins and other flavonoids in callus cultures es-
tablished from different parts of cranberry plant was investigated and
the effect of explant source on the n VItI’O product was determined.
Callus cultures were initiated from different parts of the plant in a mod-
ified Gamborg's medium with 5.37 pM a-naphthaleneacetic acid. 0.45
pM 2,4-dichlorophenoxyacetic acid, and 2.32 pM kinetin in the dark at
25°C. Callus cultures accumulated anthocyanins only on exposure to
light and maximum concentration was observed by day 12. The cultures
had lower levels of anthocyanins and only cyanidin 3-galactoside, cyan-
idin 3-glucoside, and cyanidin 3-arabinoside were identified in all cul-
tures regardless of source of explant. Proanthocyanidin accumulation in
cultures was independent of light, and levels were higher than in mature
fruit. Exposure to light induced accumulation of flavonols and enhanced
activity of phenylalanine ammonia-lyase in the cultures.

Key Words: anthocyanins. cranberry, callus, cyanidin

INTRODUCTION

The characteristic bright red anthocyanin pigments in cran-
berries (Vaccinium macrocarpon Ait) make them an attractive
potential source for natural food colors. Consumer demand for
natural products has prompted new research on development of
cell culture resources for pigment extraction. In vitro culture of
highly pigmented genotypes may circumvent seasonal and ge-
ographic restrictions of cranberry crop production, and result in
more product uniformity (llker, 1987; Shuler et al., 1990; Staf-
ford, 1991). Cell cultures also provide effective systems for elu-
cidating the biochemical aspects of secondary product
formation, or for exploring the physiological properties of in-
termediates in biosynthetic pathways. Cell cultures may accu-
mulate different secondary metabolites from those found in vivo,
or may produce insignificant quantities of some components
(Nawa et al., 1993; Mori et al., 1993; Wilson, 1990). In other
cases, product yields and/or quality traits may be enhanced
through production by tissue culture (Cormier and Do, 1993;
Crouch et al., 1993). Manipulation of the physical and chemical
microenvironments can influence both the quality and yield of
natural products (Callebaut et al., 1990; Do and Cormier, 1991).

Anthocyanin production has been reported in cell cultures of
edible materials like grapes (Yamakawa et al., 1983), sweet po-
tato (Nozue et al., 1987), carrot (Ozeki and Komamine, 1985),
strawberry (Hong et al.. 1989; Mori et al., 1993), and rabbiteye
blueberry (Nawa et al., 1993). Cranberry has been cultured in
vitro for micropropagation (Marcotrigiano and McGlew, 1991)
and genetic transformation (Senes et al., 1992), but in vitro
pigment production has not been reported. Our objective was to
compare anthocyanins derived from cranberry fruits in vivo,
vegetative parts, and callus cultures derived from different pans
of the plant. The expression of other flavonoids like flavonols
and proanthocyanidins. in vivo and in vitro were also investi-
gated and the activity of phenylalanine ammonia-lyase, one of
the early enzymes in the flavonoid biosynthetic pathway, was
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determined to help elucidate the anthocyanin biosynthetic po-
tential of the cultures.

MATERIALS & METHODS

Cranberry ‘Stevens’ fruits Were obtained from the Blue-
berry and Cranberry Research Center, Rutgers University, and
stored at -20°C until assayed. Plants of the same genotype were
maintained in the greenhouse and as shoot cultures in WPM
medium (Lloyd and McCown, 1981) supplemented with 0.98
pM 6-(7 ,y-dimethylallylamino) purine.

Callus initiation and pigment production

Stem segments (1 cm) and leaves from 8 wk old shoot cultures and
the mesocarp tissue of mature fruits were used for callus initiation. Ex-
plants were placed in the dark at 25°C on a callus induction medium
(modified Gamborg's medium, Gamborg et al.,, 1968) with 8mM N O/
as KNO, 25 mM NH; as (NH4),S04, 200 pM Fe as FeNa,EDTA, 5.37
pM a-naphthaleneacetic acid, 0.45 pM 2,4-dichlorophenoxyacetic acid,
2.32 pM kinetin. 190 mg/L PVP (Sigma Chemical Co., St. Louis, MO),
10% coconut wate', 2% sucrose, and 0.7% agar. Subcultures were de-
rived at 3 wk intervals. A fter the fourth subculture, callus colonies were
transferred to pigment production medium containing no coconut water,
reduced NO/ (2m M) and increased sucrose (5% ) and held under a pho-
tosynthetic photon flux of 55 pmol m : s ' Time course experiments
and 2mM NO/
levels in the production medium. Total anthocyanins were estimated by
the method of Francis (1982).

for anthocyanin production were done both at 8mM

Results are averages of two replicates.

HPLC analysis of anthocyanins and anthoevanidins

The samples were extracted in 1% (v/v) HC1l methanol (1:10 w/v)
overnight at 4°C and the extracts after filtration were evaporated to dry-
ness at 30°C with a Buchi rotary evaporator (Switzerland). The residue
was dissolved in v.ater and extracted with ethyl acetate (1:3 v/v) three
times. The aqueots fraction was evaporated to remove residual ethyl
acetate and adsorbed onto an activated OnGuard-RP Sep-Pak cartridge
(Dionex, CA). The cartridge was washed with water and anthocyanins
were eluted with (.01%

redissolved in

HC1 in methanol. The extract was evaporated,
and filtered through a 0.2 pm filter
membrane (Phenomenex, CA). HPLC was performed using a Hitachi L-
6200A Intelligent Pump (Tokyo, Japan), a Hitachi Diode Array Detector
(Tokyo, Japan), and a Rheodyne (Cotiati, CA) 7125 Injector. The col-
umn was a YMC-Pack ODS-AM (250 X 4.6 mm. 5 p) connected to a
YMC-Pack S5 I120A ODS-AM guard column. Solvents were 10% for-
mic acid (A) and 100% acetonitrile (B) at 1 mL/min. The elution profile
was 0-A min, 10-14% B in A; 4—10 min, 14-16% B in A; 10-20 min,
16-18% B in A; 20-25 min, 18-30% B in A. Absorbance was monitored
at 520 nm. Peak
lated from the fruit and other known sources.

10% formic acid,

identification was done using authentic standards iso-

Anthocyanins ftom fruit extract and callus cultures were subjected to
acid hydrolysis in 2N HCkmethanol (1:1) for 30 min as described by
M arkham (1982). Anthocyanidins derived from acid hydrolysis were an-
alysed using a W latman Partisil ODS-3 (250 x 5p) column
connected to a YMC-Pack S5 120A ODS-AM guard column. Solvents
10% formic acid (A) and 100% acetonitrile (B). Separation was
obtained by an isocratic elution of 20% B in A at 1 mL/min.

4.6 mm,

were

HPLC analysis of other flavonoids

The ethyl acetate-extractable fraction was washed with water, passed
through anhydrous sodium sulfate to remove residual moisture and evap-
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Fig 1—Time course of anthocyanin formation in stem callus.

orated to dryness at 30°C |n VACUO. The residue was dissolved in meth-
anol. Conditions for HPLC analysis were similar to anthocyanin analysis
with an altered elution profile: 0-4 min. 10-14% B in A; 4-10 min. 14-
18% B in A; 10-20 min, 18-30% B in A; 20-30 min, 30-50% B in A;
30-35 min, 50-100% B in A. Absorbance was monitored at 280 nm.

Proanthocyanidins

Proanthocyanidins were estimated as anthocyanidins by the method of
Nawa et al. (1993). Samples were repeatedly extracted in cold (4°C) 1%
HC1 methanol to remove all pigments. The residue after pigment extrac-
tion was suspended in 1% HC1 methanol (1:10 w/v), incubated overnight
at 50°C then filtered. Absorbance was measured at 535 nm and expressed
as absorbance units (A.U.)/g fresh weight (FW). Results arc averages of

two replicates.

Phenylalanine ammonia-lyase (PAL) activity

Samples were ground in liquid N2to a fine powder and suspended in
—20°C acetone for 15 min. The precipitate was collected by filtration,
washed with acetone and dried at room temperature (25°C). Acetone
pH 8.8,
20mM 2-mercaptoethanol. 0.5g dry Polyclar AT (ISP Technologies, Inc.,
W ayne, NJ), and 0.5g dry Amberlite XAD-4 (Sigma Chemical Co., St.
Louis, MO).
fuged cold (4°C) at 10,000 rpm for 20 min. The supernatant was dialyzed
overnight (4°C) in 0.1M borate buffer, pH 8.8,

mercaptoethanol. The dialvzate was centrifuged cold (4°C) at 10,000 rpm

powders were extracted with 0.1M borate buffer, containing

The extract was pressed through cheesecloth and centri-

containing 20mM 2-

for 10 min and used for assay.

Enzyme activity was measured by the method of Havir and Hanson
(1971). The assay mixture contained 0.5 mL of 0.2M borate buffer, pH
8.8,
Control assays contained buffer or water in place of enzyme solution or
The
reaction was initiated by addition of 0.2 mL of 0.1 M L-phenylalanine.

L-phenylalanine. The mixture was incubated at 30°C for 30 min.
The absorbance of the reaction mixtures and blanks was recorded at 280
nm at 15 min intervals using a Beckman DU-65 spectrophotometer (Ful-
lerton, CA) with a temperature controlled auto-6 sampler, at 30°C. One
unit of activity was defined as the amount of enzyme catalyzing the
formation of 1 pmole cinnamate/min at 30°C. Results are averages of
three replicates. Protein was estimated by Bradford’s method (Bradford,
1976).

0.2 mL enzyme solution, and water to a final volume of 2.8 mL.

200.8

Fruit

200.9

Stem

200.0
Leaf

n

0.0 T T T n#in
8.0 5.0 10.00 15.00 20.13
Fig. 2—Reverse phase HPLC profile of anthocyanins in cranberry
fruit and vegetative tissues. Peak identification: a. Cyanidin 3-ga-
lactoside, b. Cyanidin 3-glucoside, c. Cyanidin 3-arabinoside, d.
Peonidin 3-galactoside, e. Peonidin 3-glucoside, f. Peonidin 3-ar-
abinoside

RESULTS
Callus cultures and anthocyanin formation

A yellow colored callus was obtained in the dark in callus
induction medium. Modification of Gamborg’s medium was
necessary to enhance growth and reduce callus culture brown-
ing. An increase in NH/ level and a decrease in NO, level with
a 3:1 NHj and NO, ratio was essential to reduce browning and
induce friability of the cultures. Addition of coconut water en-
hanced callus growth. On transferring cultures to light in the
production medium, intense pigmentation was observed. Maxi-
mum anthocyanin formation was observed by day 12 (Fig. 1)
after transferring cultures to light. The level of NO, in the pro-
duction medium had an effect on anthocyanin concentration. At
the 2 mM level, a higher anthocyanin accumulation was ob-
served on all days.

Anthocyanins and anthocyanidins

Reverse phase HPLC chromatograms of the anthocyanins in
vivo from fruits and from stem and leaves (Fig. 2) showed fruit
extract had four major pigments comprised of cyanidin and
peonidin 3-galactosides and 3-arabinosides. Cyanidin and peon-
idin 3-glucosides were the minor pigments. Steins and leaf tis-
sues from the greenhouse and shoot cultures had only cyanidin
3-galactoside, 3-glucoside, and 3-arabinoside, with the glucoside
as the minor fraction. The anthocyanin profiles (Fig. 3) showed
simple profiles consisting of mainly cyanidin 3-galactoside, 3-
glucoside, and 3-arabinoside in all pigmented callus cultures re-
gardless of source of explant. Anthocyanins were not detected
in dark grown callus cultures. On acid hydrolysis of the antho-
cyanins, cyanidin and peonidin were the aglycones in the fruit
?xtract)and cyanidin was the only aglycone in the callus cultures
Fig. 4).

Proanthocyanidins

Incubation of the tissue residues in methanol-HCI at 50°C for
18 hr resulted in the release of intense red pigments from all
samples with absorbance maximum at 535 nm. The pigments
were not extractable by cold methanol-HCI. The A.U./g FW
from anthocyanins and anthocyanidins derived from proantho-
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Fig. 3—Reverse phase HPLC profile of anthocyanins in cranberry
callus cultures. Peak identification: a. Cyanidin 3-galactoside, b.

Cyanidin 3-glucoside, c. Cyanidin 3-arabinoside

cyanidins in vivo and in vitro (Table 1) showed fruit extract had
higher absorption due to anthocyanins whereas extracts of veg-
etative explants had a very high absorption due to proantho-
cyanidins. Fruit callus culture extracts had a very low level of
anthocyanins and a higher proanthocyanidin absorption. Pig-
mented callus cultures from stems and leaves had a higher an-
thocyanin  level and a lower absorption due to
proanthocyanidins. Callus cultures in the dark accumulated
proanthocyanidins at comparable levels to cultures under light.

Other flavonoids

Peaks from reverse phase HPLC chromatograms of the ethyl
acetate-extractable fractions were classified tentatively into two
major groups of compounds based on spectral properties. Group
1 was comprised of compounds absorbing mainly at 270-290
nrn, indicative of catechins, flavanones, and those absorbing at
280-330 nm, indicative of cinnamic acids. Group 2 was com-
prised of compounds absorbing at 280, 350-375 nm, indicative
of flavonols and their glycosides (Table 2). Fruit extract had a
higher percentage of group 2 compounds whereas vegetative
explants had a higher percentage of group 1 compounds. Pig-
mented callus cultures from vegetative explants were similar to
explants. However, pigmented fruit callus culture had a much
lower percentage of group 2 compounds in contrast to the fruit.
Dark-grown callus cultures (colorless) had mainly group 1com-
pounds, and flavonols and their derivatives were not detected

(Fig. 5).

Phenylalanine ammonia-lvase activity

Sample enzyme activity (Table 3) showed dark-grown callus
cultures had a lower activity. A threefold increase in activity
was observed on exposure to light. However, all cultures had
lower levels of activity compared to explants.

DISCUSSION

OlIr main objective Was to establish and compare cell cultures
from different parts of cranberry plants for their potential to
accumulate anthocyanins and other flavonoids and to determine
the influence of explant source on composition of in vitro prod-

9.388

Fruit
a
]
b
0.000
8.500
Stem callus
AU
a
0.000 ———AV
2.6 —m—m—m—— 77— 7T 77T T 7T
8.0 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 19.97
minutes

Fig. 4—Reverse phase HPLC profile of anthocyanidins from cran-
berry fruit (in vivo) and stem callus [in vitro). Peak identification:
a. Cyanidin, b. Peonidin.

Table 1—Absorbance due to anthocyanins and proanthocyanidins in cran-
berry in vivo and in vitro

Proantho-

Anthocyanins cyanidins

Source (A.U.7g FW) (A.U./g FW)
Fruit (in vivo) 29.62 21.46
Stem (from microcultures) 1.04 82.59
Leaf (from microcultures) 0.61 85.31
Stem Callus (colored) 2.52 27.39
Stem Callus (colorless) 0.112 235
Leaf Callus (colorec) 331 49.2
Fruit Callus (colored) 2.19 57.31
Fruit Callus (colorless) 0.254 59.5

Table 2—Percentage of total peak area of compounds in ethyl acetate-ex-
tractable fraction from cranberry in vivo and in vitro

Absorbance Absorbance
270-290 nm" 280,
Source 280-320 nmb 350-380 nmc
Fruit (in vivo) 33.7 66.2
Stem (from microcjltures) 68.1 31.9
Leaf (from microcultures) 70.1 29.9
Stem Callus (colored) 79.8 20.2
Stem Callus (colorless) 100 -
Leaf Callus (colored) 73.0 27
Fruit Callus (colored) 93.0 7.0

Fruit Callus (colorless) 100 —

aCompounds with absorption spectra of catechins, flavanones
b Compounds with absorption spectra of cinnamic acids
¢ Compounds with absorption spectra of flavonols and their glycosides

ucts. Anthocyanins in cranberty fruits are well characterized and
our results confirmed previous reports (Hong and Wrolstad,
1990; Fuleki and Francis, 1967). Callus cultures resembled other
anthocyanin producing systems in many properties. Callus cul-
tures accumulated anthocyanins only on exposure to light. An-
thocyanin level was lower as in other cell culture systems like
rabbiteye blueberry (Nawa et al., 1993). Higher sucrose levels
and lower nitrate levels enhanced anthocyanin accumulation in
parallel with other cell culture systems like grapes (Do and Cor-
mier, 1991; Hirasuna et ah, 1991). Previous studies in our lab-
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Fig. 5—Reverse phase HPLC profile of the ethyl acetate-extract-
able fraction. A Stem, B. Stem Callus (colorless), C. Stem Callus
(colored).

Table 3—Phenylalanine ammonia-lyase activity from cranberry in vivo and
in vitro

Units X Units x
Source 10 ¥g FW 10 3/mg protein
Stem (from microcultures) 58.21 18.0
Leaf (from microcultures) 42.98 5.4
Stem Callus (colored) 4.69 4.27
Stem Callus (colorless) 0.813 1.56
Leaf Callus (colored) 4.60 3.96
Leaf Callus (colorless) 189 139

oratory have indicated that higher sucrose levels were necessary
to induce anthocyanin production in cranberry cultures (Mad-
havi et al., 1993). Total anthocyanin levels increased from O-
3.0% on increasing sucrose levels from 2-5% in the production
medium. Anthocyanin profiles were simpler, similar to other in
vitro systems like rabbiteye blueberry (Nawa et al., 1993) and
grapes (Yamakawa et al., 1983). The decline in anthocyanin
concentration after 12 days could be mainly due to depletion of
nutrients in the culture medium and has been reported in rab-
biteye blueberry cell cultures (Nawa et al., 1993). It was inter-
esting to note that fruit callus had low levels of anthocyanins
and a similar anthocyanin profile to callus cultures derived from

vegetative explants, indicating that fruit callus was physiologi-
cally distinct from differentiated fruit tissue.

Qualitative and quantitative differences in anthocyanin accu-
mulation in fruits in vivo and callus cultures in vitro could be
due to the physiological nature of explant tissues used for callus
induction. In cranberry fruits, anthocyanins are localized in the
epidermis and the fruit callus culture was derived from mesocarp
tissue, devoid of anthocyanins. Vegetative tissues both in the
greenhouse and microculture had traces of anthocyanins and
qualitatively only cyanidin glycosides. Peonidins differ from
cyanidins by a single methyl group substitution at the 3' position
in the B ring and are generally considered to be derived from
cyanidins by a methylation reaction. Methylation reactions in
the fiavonoid biosynthetic pathway are catalysed by specific O-
methyltransferases with S-adenosyl-L-methionine as the methyl
donor (Poulton, 1981). O-methyltransferases specific for glu-
cosylated and acylated anthocyanidins have been demonstrated
in Petunia hybrida (Jonsson et al., 1982).

No information is available on properties of methyltransfer-
ases in cranberries. Our results, however, indicated that the cal-
lus cultures and vegetative tissues may lack methyltransferases
specific for anthocyanins or the methyl donor. In general, the
metabolic constraints physiological regulations operative in the
callus cultures seemed to be similar to the source explants. Our
results also indicated that some constraints could be overcome
by manipulation of cultural conditions. Anthocyanin accumu-
lation was lower in vitro as compared to the fruit extract but
was clearly higher than explant tissues (Table 1). Establishment
of suspension cultures and use of selection protocols may help
in developing intensely pigmented cell lines as with Vitis hy-
brida (Yamakawa et al., 1983), Ajuga reptans (Callebaut et al.,
1988), and Daucus carota (Kinnersley and Dougall. 1980).

The ethyl acetate-extractable fraction was analysed mainly to
get an indication of the presence of flavonoids other than an-
thocyanins. The chromatograms were monitored at 280 nm since
all compounds absorbed at that wavelength and the area per-
centage was also expressed in the same wavelength (Table 2).
This slightly underestimates flavonols and their derivatives
which absorb more strongly at 350-370 nm. However, this
method of representation based on spectral properties gave a
good indication of differences in vivo and in vitro. Cranberry
fruits are a rich source of flavonols (Bilyk and Sapers, 1986)
and our results indicated a higher percentage of flavonols. Callus
cultures from vegetative explants were similar to the explants
and had a higher percentage of cinnamic acids and catechins.
Fruit callus differed from fruit in that it had a lower percentage
of flavonols. Callus cultures accumulated flavonols only on ex-
posure to light (Fig. 5).

Proanthocyanidins are condensation products of monomeric
leucoanthocyanidins and catechins and include dimers, oligo-
mers, and polymers. Those with molecular weights >7000 be-
come insoluble in organic and aqueous solvents (Czochanska et
al., 1979; Haslam, 1980). Proanthocyanidins extractable in cold
organic solvents have been reported in cranberry fruits (Wang
et al., 1978; Foo and Porter, 1981). We have demonstrated the
presence of insoluble proanthocyanidins both in vivo and in vitro
indirectly by hydrolysis in HCI methanol. In vivo, fruits seemed
to have a low level of insoluble proanthocyanidins which could
be mainly related to the degree of fruit ripening (Haslam, 1977).
In vitro, callus cultures from vegetative explants showed lower
accumulation of insoluble proanthocyanidins as compared to ex-
plants. Fruit callus again differed from fruit and had a higher
level of insoluble proanthocyanidins and was similar to cultures
from vegetative explants. Fight was not a limiting factor for
proanthocyanidin accumulation in our cultures (Table 1). Fight
independent accumulation of high molecular weight proantho-
cyanidins has been reported in other cell culture systems like
Cryptomeria japonica (Ishikura and Teramoto, 1983), Fagopv-
rum esculentum (Moumou et al., 1992) and Vaccinium ashei
(Nawa et al., 1993). Cultural conditions also reportedly influence
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the accumulation of proanthocyanidins in cell cultures (Zapro-
metov, 1988). Proanthocyanidins and anthocyanins share com-
mon intermediates in the biosynthetic pathway. Hence,
inhibition of proanthocyanidin synthesis by manipulating cul-
tural conditions may enhance anthocyanin accumulation.
Phenylalanine ammonia-lyase catalyzes the formation of
p-ons-cinnamic acid, the first phenylpropanoid, by the deami-
nation of L-phenylalanine and provides the link between
primary metabolism and the phenylpropanoid pathways (Ebel
and Hahlbrock, 1982). The enzyme may also have a regulatory
effect in anthocyanin accumulation (Hahlbrock, 1981). Sapers
et al. (1987) demonstrated PAL activity in the skin of cranberry
fruits and reported that the activity did not correlate with antho-
cyanin accumulation. Our studies indicated that the observation
could be extended to vegetative parts of the plant. In vitro, dark
grown cultures had a basal level of activity which was enhanced
by illumination (Table 3). Exposure to light induced the for-
mation of anthocyanins and flavonols. PAL and other enzymes
in the flavonoid biosynthetic pathway are highly light inducible
(McClure, 1975) and our results confirmed this. However, cul-
tures also accumulated proanthocyanidins in the absence of
light, which implied the synthesis of dihydroflavonols and leu-
coanthocyanidins, common intermediates for anthocyanins, fla-
vonols, and proanthocyanidins in the biosynthetic pathway. This
indicated that the increase in PAL activity could be responsible
for an enhanced precursor pool in the biosynthetic pathway.
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Combined Stress Effects on Growth of Zzygosaccharomyces
rouxii from an Intermediate Moisture Papaya Product

M.S. TAPIA DE DAZA, C.E. AGUILAR, V. ROA, and R.V. DIAZ DE TABLANTE

ABSTRACT

Stress factors studied included 0.95 a, adjusted with sucrose and glyc-
erol, pH (4.0, 3.5, and 3.0), potassium sé6rbate (0, 500, 1000, and 1500
ppm) and sodium bisulfite (0, 100, and 150 ppm). These were tested on

m rOUX"__isoIaled from an intermediate
moisture (IM) papaya product. Z. IOUXII w as very sensitive to S02 A

a strain of

combination of 100 ppm S02 500 ppm sérbate ant_i_ pH 4.0 is recom -
mended to prevent spoilage of IM fruits by Z. TOUXIl. The minimum aw
for growth in sucrose-glycerol broth was between 0.62 and 0.64 in the
absence of antimicrobials and in the range of optimal pH for this yeast.

Key Words: Zmaccharonm yeast, papaya, intermediate moisture,

water activity

INTRODUCTION

Osmotolerant yeasts can spoil foods with low to interme-
diate water activity, high acidity, low redox potential, high car-
bon/nitrogen ratio foods, and do not compete much with other
microorganisms in nonselective environments (Restaino et al.,
1983). Thus, such yeasts are important in spoilage of foods
where such stress factors are used to control microbial growth,
as with intermediate moisture products. This applies also to
shelf-stable high moisture fruit products. Such processing tech-
niques (Levy et al., 1985; Garcia et al., 1985; Jayaraman, 1987;
CYTED-D, 1990; Alzamora et al., 1988, 1993) are being
applied especially in developing countries where these types of
fruit products have potential markets and contribute to reduction
of post-harvest losses and diversification of local fruit industries.
To optimize such preservation processes, information is needed
about the combined effect of stress factors on growth of micro-
organisms that are important in potential spoilage of finished
fruit products (Cerruti et al., 1990). zygosaccharomyces rouxii
[syn: saccharomyces rouxii (Yarrow, 1984)] is the most com-
mon spoilage organism of osmotolerant yeasts, and thus an or-
ganism of choice for microbial challenge studies of shelf stable
fruit products.

Our objective was to investigate the response of a strain of
Z. rouxii (isolated from an intermediate moisture, 0.95 awpapaya
product in laboratory media to stress factors such as water ac-
tivity, acidity and chemical preservatives. The minimum a,, for
growth in sucrose-glycerol broth was also investigated since
glycerol and sucrose are widely used humectants in IMF tech-
nology. Tolerance of yeasts to low awdepends on the solute
used for a, control.

M ATERIALS & METHODS
Organism

z. Fouxil (strain TA) from the culture collection of the Instituto de
Ciencia y Tecnologia de Alimentos, Universidad Central de Venezuela,
Caracas, was used. The strain had been isolated originally from an in-

Authors Tapia and Diaz are with the Instituto de Ciencia y Tec-
nologia_ de Alimentos, Universidad Central de Venezuela,”Apdo
47097, Caracas, Venezuela. Author Aguilar is with the Escuela de
Ciencias Aplicadas del Mar, Universidad de Oriente, Boca de Rio,
Estado Nueva Esparta, Venezuela. Author Roa is with the Depar-
tamento de Procesos Bioguimicos y Bioldgicos, Universidad Si-
mon Bolivar, Apdo 29000, Sartenejas, Venezuela.

termediate moisture papaya product containing 0.1% potassium sorbate
and identified in the Departamento de M icologia ofthe Institute Nacional
de Higiene Rafael Rangel, Caracas. The stock culture was maintained in
pH 4.5 (adjusted with

50% (w/w) commercial sucrose; 0.5%

slants of yeast extract sucrose (YES) 50 agar;
phosphoric acid); yeast extract;
1.5% (w/w) agar.

(YEG) medium described by Jermini and Schmidt-Lorenz (1987).

This is a modification of the yeast extract glucose

Inocula

The inocula for growth studies were prepared by transferring a loopful
of the stock culture to 100 mL of yeast extract sucrose (YES) 50 broth
in 250 mL Erlenmeyer flasks on a rotary shaker at 28°C. Inoculation
suspensions were prepared from 48-h cultures, diluted with peptone wa-
ter plus 20% (w/w) glycerol to 105 cells/mL. Concentration of suspen-
sions was checked with a Counts in

Neubauer counting chamber.

chamber were corroborated by plating on YES 50 agar plates. Sterile
experimental media (100g) for growth studies were inoculated with 0.1

mL of these suspensions.

Media for minimal water activity studies

These studies were conducted in glycerol-sucrose broth (pH 4.0). The
(w/w) water, 47.6% 28.6%
yeast extract and peptone to give a,-0.60. The wt of

basal medium consisted of 19% glycerol,
sucrose and 4.8%
water needed to gradually increase water activity to 0.75 was calculated
(0.60-0.75 a*, 25°C) of the basal

1) obtained as described by Labuza (1988). W ater activity

from the working adsorption isotherm
medium (Fig.
was determined with a psycrometric instrument manufactured by Deca-
gon Devices Inc. (Pullman WA.) Model CX-1, calibrated as described
by Roa and Tapia (1990),
mination in vacuum oven at 70°C. Test media with the following water
activities were prepared: 0.60, 0.62, 0.64, 0.66, and 0.68. Equations for
1978). Linear
regression curves were determined from experimental data to select the

and moisture content by gravimetric deter-

fitting water sorption isotherms were used (Boquet et al.,

mathematical model to give best correlation factors.

Two additional test media were prepared to give water activities of
0.85 and 0.95, using a computer program in Basic language. The pro-
gram was designed in our laboratory, to calculate final water activity
values based upon given solutes and water concentrations. The program
estimates the contribution of each solute to water activity depression
through Norrish’s (1966) and Ross’s (1975) equations for single none-
lectrolyte and multicomponent solutions respectively. Predicted water
activities of media were instrumentally checked and good agreement was
always found between predicted and experimental values.

06 —

05 _|

04 —|

03 |

EXPERIMENTAL =
PREDICTED
02 —

0.1 —

M (MOISTURE CONTENT DRY BASIS)

0.55 0.6 0.65 0.7 0.75

aw

Fig. 1—Adsorption isotherm for sucrose:glycerol broth basal me-
dium at 28°C. (W) experimental values; line-predicted values.
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Fig. 2—Effect of water activity on growth of z. rouxii in sucrose:glycerol broth (pH 4.0) during 840 hr incubation at 28°C. (Left)
* 0.60 aw * 0,62 aw m 0.64 aw; (Right) » 0.66 aw * 0,68 aw m 0.85 aw; J0.95 aw

Media for response to stress factors

The test medium sucrose:glycerol (0.95aJ prepared as described, was
used for studies of response to stress factors. Phosphoric acid was added
to adjust pH to 4.0, 3.5, and 3.0.
electrode on a Extech Model 671 pH meter (Boston, MA., U.S.A.).
dium metabisulfite (Merck,

The pH was checked with a glass
So-
Darmstadt, West Germany) and potassium
sorbate (food grade) were added to the desired final concentrations of
150 ppm SO, and 500, 1000, and 1500 ppm

potassium sorbate). Blanks with no antimicrobials added were also pre-

antimicrobials (100 and

pared. All media were sterilized by filtration (pore size 0.2 pm).

Medium for enumeration

YES 50 agar was used as plating medium to enumerate viable yeast
cells by pour plating. At time intervals (0, 3, 6, 9, 12, 20, 40, 60, 80,
120, 180, 240, 300, 420, 600, and 840 hr for studies of minimal a,v for
growth and for estimation of generation times; and 0, 3, 6, 12, 24, 48,
216, and 360 hours for studies of response to stress factors) 1.0 mL
aliquots were taken from the inoculated test media. These were serially
diluted with peptone water plus 20% (w/w) glycerol to avoid osmotic
shock, and plated in duplicate. Plates were incubated at 28°C for five

days. Counts were transformed to loglo colony forming units (CFU/mL).

Statistical analysis

Data are means of values from three replicate experiments performed
in duplicate on studies of minimal for growth and on response to
stress factors. Analysis of variance used Statgraphics (Version 6, Statis-
tical Graphics Corporation).
(P < 0.05) using

regression curves were determined from data when exponentially grow -

Mean counts on YES 50 agar were com -

pared Least significant differences (LSD). Linear
ing Z. FOUXII cells were obtained and generation times (hr) were com -

puted from those curves.

Residual sorbic acid and S02

Residual sorbic acid and sulfur dioxide were determined in test media
used in response studies to stress factors. Sorbate was determined using
the colorimetric method described by Nury and Bolin (1963) and sulfur
dioxide by the modified Monier-W illiams method (AOAC, 1980).

Table 1—Generation times of Z. rouxii in sucrose-glycerol broth (pH 4.0)
during 60 hr incubation at 28°C

5w
0.64 0.66 0.68 0.85 0.95
Generation time
(hr)3 17.42 16.79 16.20 7.21 6.20

3 Generation times represent mean values from three replicate experiments performed
in duplicate.

RESULTS & DISCUSSION
Minimal awfor growth

The effect of water activity on growth of Z rouxii has been
reported. The minimum aw range in a fructose syrup at pH 4.8
and in glucose (von Schelhom, 1950; Tilbury, 1976) broths was
0.62 to 0.65, whereas in NaCl, a minimal value for growth of
0.86 has been reported (Onishi, 1963). The type solute used to
reduce awof growth media influenced both amount and rate of
fungal growth (Anand and Brown, 1968; Warth, 1986) as well
as growth response to antimicrobials (Bills et al., 1982, Len-
ovitch et al., 1988. The aVv adjusted with a mixture sucrose-
glycerol (3:5) affected the growth of Z rouxii at pH 4.0 and
28°C Fig. 2. The yeast was inhibited at a,, 0.60 and 0.62 while
at aw0.64, 0.66, and 0.68 slow growth was observed. At aw0.85
and 0.95 the yeast grew more rapidly, reaching 107 CFU/mL,
though at different rates. Tilbury (1980) reported minimum aw
0.65 for growth of Z rouxii in sucrose/glycerol syrups incubated
12 wk at 27°C. Information on solutes ratios used was not in-
dicated.

Tilbury (1980) also reported differences in growth rates de-
pending on water activity of the syrups. He considered the a*
at which final Z rouxii counts were 1.5-2.0 times greater than
original counts (after 12 wk @ 27°C), as the minimal value for
growth. If values were <1.5 the original count, as with 0.60
and 0.625 aw it was considered as no growth. At higher water
activities (0.75 and 0.80 aw), final counts were >20 times greater
than the original count. Our results indicated a minimal value
for growth between 0.62 and 0.64. Generation times were cal-
culated (Table 1) for Z rouxii in sucrose-glycerol media at water
activities above the minimum for growth. Generation times from
various published sources (Table 2) for Z rouxii were com-
pared. Generation times we observed at high awwere somewhat
higher than reported values. This could be attributed to the com-
bined effects of both solutes.

Z rouxii exhibits low growth rates and extended lag phases
at low water activity. Homer and Anagnostopoulos (1973)
measured radial growth rates and lag phases of colonies of Z
rouxii on sucrose agar over aw0.997 to 0.90. The lag phase for

Table 2—Mean generation times reported for Z rouxii in laboratory media
with aw adjusted with different solutes

Mean
aw or generation

Solute solute cone time References
Glucose 0.935 215 h Tilbury (1976, 1980)
Glucose 30% 45h Moran and Witter (1979)
Fructose 0.62 two mo von Schelhorn (1950)
Glucose and 0.96 2.55 h Restaino et al. (1983)

sucrose 0.97 235 h
Sucrose 0.98 130 h Tilbury (1976, 1980)
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COMBINED STRESS FACTORS ON Z. ROUXII. ..
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Fig. 37 Effect of pH (adjusted with phosphoric acid) on growth
of z. rouxii in sucrose:glycerol broth (0.95 aw) during 15 days
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Fig. 4— Effect of combined stress factors (potassium sorbate and
sulfur dioxide) on growth of Z. rouXiiin sucrose:glycerol broth.
(m) O ppm sorbate; (+) 500 ppm sorbate; (3 1000 ppm sorbate;
(*) 0 ppm sorbate and 100 ppm SOZ2 (X) 500 ppm sorbate and
100 ppm SO2

colony formation doubled to 40 hr at a,v0.90 compared with 20
hr at a,, 0.960. They also studied the effect of  controlled by
sucrose and glycerol separately on growth rates and lag phases
of three yeasts including Z rouxii. This yeast exhibited the low-
est growth rate, the longest lag (ca. 20 hr) over the high aw
range, and the lowest rate of increase in lag in sucrose. Glycerol
was a little less inhibitory than sucrose. However, when
mixtures of solutes were used (glycerol and sucrose) results
were almost identical to those predicted from single solute ex-
periments. Golden and Beuchat (1990) recommended that glu-
cose be used to reduce avs of media during enumeration of Z
rouxii, since it is less inhibitory to this yeast than glycerol, su-
crose and sorbitol. Abdul-Raoufet al. (1994) reported that glu-
cose diluents resulted in better recovery of Z rouxii from IM
foods than did glycerol diluents.

Response to stress factors

It is possible to inhibit development of microorganisms at aw
levels higher than the minimal aw for growth by combinations

of microbial stress factors (Cerruti et al., 1990). Effective syn-
ergistic effects may occur when some preservation factors are
used in combinations. Any restriction of energy supply will tend
to be especially synergistic when lowered water activity is used
for preservation (Gould et al. 1983). Care must be taken, not to
misidentify additive interactions as synergistic since some an-
timicrobials interactions can be antagonistic (Parish and David-
son, 1993). Among some food-related antimicrobial
combinations reported as antagonistic in broth media are S02
and benzoate and SO, and sorbate (Parish and Carroll, 1988).

Z  rouxii was grown in laboratory media containing sucrose
and glycerol (0.95a".) to study its response to stress factors. The
effect of pH (4.0 to 3.5 and 3.0), amount of potassium sorbate
(0, 500, 1000 and 1500 ppm) and sodium bisulfite (0, 100 and
150 ppm) were studied. Yeast counts on YES 50 agar were
reported as log N/NO, where N is the number of yeasts (cfu/mL)
at a specific time and NOis the number of yeasts cfu/mL at time
zZero.

Growth response of Z rouxii was compared (Fig. 3) for three
pH values at 0.95 aw in the absence of sulfite and sorbate. Eng-
lish (1954) reported a high tolerance of this yeast to a wide
range of acidity. Restaino et al. (1983) found an optimum pH
range of 3.5 to 5.5, much wider than that reported by Tilbury.
In our study, a pH of 3.0 had a more inhibitory effect indicated
by significantly (P < 0.05) smaller counts of the yeast at that
pH, than those at pH 4.0 or 3.5.

Effects of potassium sorbate (SK) and sulfur dioxide on
growth of Z rouxii in laboratory media (0.95aw adjusted with
sucrose) were compared (Fig. 4). Addition of 500 ppm SK re-
tarded growth especially during the first hours of incubation. At
the end of the incubation period in the presence of 500 ppm
SK, counts grew higher (P < 0.05) approaching those obtained
in absence of sorbate. This suggests possible adaptation to sor-
bate. Residual sorbate levels were calculated in the test media.
The initial undissociated fraction (that reportedly with highest
antimicrobial activity even when activity was also atributed to
dissociated molecules to a lesser extent; Booth and Kroll, 1989)
was expected to have an important activity because the pH of
the test medium was 4.0. About 93% of the 500 ppm of sorbic
acid initial concentration was detected indicating nearly all of it
remained in the test medium. Increasing sorbate to 1000 ppm
resulted in evident growth inhibition (Fig. 4) while with 1500
ppm in the test medium, no growth occurred (data not shown
in figure).

Addition of 100 ppm sulfur dioxide (in absence of sorbate)
had a marked effect on growth. Significantly (P < 0.05) retarded
growth occurred compared with growth in the previous test me-
dia (Fig. 4). This effect of sulfite at pH 4.0 was more pro-
nounced with decreasing pH of 3.5 and 3.0 (data not presented).
Residual S02levels were determined (15 days) in the test media
with 20 and 30% of the original sulfite concentration detected.
Cerruti et al. (1988), reported that the lethal effect of 100 ppm
S02o0n a strain of s. cerevisiae when added to the heating me-
dium was clearly greater than that of 100 ppm potassium sor-
bate. They also found that a mixture of 50 ppm sorbate and 50
ppm S02acted synergistically with heat to rapidly inactivate s.
cerevisiae at 50 or 55°C. In our study, when 500 ppm potassium
sorbate was added along with 100 ppm SO, an inhibitory (P <
0.05) effect was obtained at pH 4.0 as compared to counts of
yeast in presence of each antimicrobial alone. This suggested a
synergistic (not antagonistic as reported by Parish and Carroll,
1988) interaction of these antimicrobials. Addition of 150 ppm
SO, resulted in total inhibition of the yeast (not shown in figure).
Sajur (1985) reported growth of s. cerevisiae in peach homo-
genates in the presence of 1000 ppm SK and no growth when
150 ppm S02was added.

Cerruti et al. (1990) studied the effect of reduced water ac-
tivity, pH, and potassium sorbate on growth of S. cerevisiae in
model systems representing preservation effects by combined
methods. They reported different combinations of aw pH and
potassium sorbate led to inhibition of the organism in laboratory
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media. In our case we did not vary ~ from 0.95 since we were
developing an intermediate moisture fruit product in that water
activity range. A combination of 100 ppm S02 500 ppm sorbate
and pH 4.0 based on our results, is recommended to prevent
spoi'.age of intermediate moisture fruit products by Z rouxii.
Studies are also being conducted in model fruit systems instead
of laboratory model media.
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Riboflavin-Sensitized Photodynamic UV Spectrophotometry
for Ascorbic Acid Assay in Beverages

M.Y. JUNG, S.K.

ABSTRACT

Riboflavin-sensitized photodynamic ultraviolet spectrophotometric assay
of various commercial beverages was carried out. The maximum con-
(15
min illumination and pH 7.5) was 21 pg/mL ascorbic acid in the testing

centration of ascorbic acid for obtaining a background correction

solution. The upper limit of the measurement range for a straight line in
the calibration graph of standard ascorbic acid was 10 pg/mL. (working
range 0-10 pg/mL). The results in repeatability of the method for as-
corbic acid contents in commercial fruit juices and soft-drinks showed
a maximum of 4% relative standard deviation. Recovery tests with
known amounts of added ascorbic acid in different fruitjuices and sports
drink showed the recovery of added ascorbic acid was 97.5-102.3% .
Indophenol, iodine and/or HPLC methods were used in parallel to as-
certain the reliability of the proposed method. This type assay could be
successfully applied to many commercial beverages for determination of

ascorbic acid with good accuracy, precision and reliability.

Key Word:
fruit juices, sports drink
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INTRODUCTION

Ascorbic acid occurs naturally in fruits and vegetables and is
often added to fruit juices and sports drinks. Since it is easily
oxidized during processing, handling and storage, the ascorbic
acid content may be used as an index of quality. Commonly
used methods for determining ascorbic acid in foods are indo-
phenol method, iodine method and HPLC method. The indo-
phenol method, based on titrimetry using the reducing power of
ascorbic acid, can not be used for samples containing reductants
or for colored samples. lodine method has the disadvantage of
redox reagent interference. High performance liquid chromatog-
raphy (HPLC) has been used for ascorbic acid assay (Doner and
Hicks, 1981; Rose and Nahrwold, 1981; Bradbury and Singh.
1986; Vanderslice and Higgs, 1993). However, the analytical
conditions such as pre-treatment of samples, packing of columns
and mobile phase differ with samples, so that the optimum con-
ditions must be carefully tested for each assay.

Thus, a rapid, simple and reliable method is needed for de-
termination of ascorbic acid. Direct UV spectrophotometry can
provide such a fast and simple method (Fung and Luk. 1985a).
However, the absorption of UV light by the sample matrix is
the major problem with this method. Various background cor-
rection techniques such as thermal degradation, UV decompo-
sition, enzymatic or metal catalytic oxidation, and alkaline
treatment have been proposed to solve this problem. The ther-
mal, UV, and metal catalytic decomposition of ascorbic acid was
too slow to be used practically (Fung and Luk, 1985a). In the
enzymatic technique, enzymes used were ascorbate oxidase
(Tono and Fujita, 1981, 1982; Esaka et ah, 1985), ascorbate
peroxidase (Kelly and Latzko, 1980) and guaiacol peroxidase
(Casella et ah, 1989; Tsumura, et ah, 1993). Although the en-
zymatic methods are simple, rapid and highly specific for as-
corbic acid, the enzymes are relatively costly for routine
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analysis. Alkaline treatment is a rapid and simple method for
determination of ascorbic acid (Fung and Luk, 1985a.b). How-
ever, this method is less sensitive because it is based on ab-
sorbance at 243 nm instead of 265 nm for quantitation of
ascorbic acid. In addition, the calibration curve was not straight
at low concentrations of ascorbic acid.

Ascorbic acid reportedly oxidized extremely fast in the pres-
ence of photosensitizers and light (Sattar et al., 1977; Bodannes
and Chan, 1979; Chou and Khan, 1983; Rooney, 1983; Jung et
al., 1994). Our previous results showed that 1.2 x 10 4M as-
corbic acid oxidized completely after a 12 min storage in the
presence of 6.0 |[4g/mL riboflavin under 3300 lux fluorescent
light because of the formation of singlet oxygen which is very
reactive toward ascorbic acid (Jung et al., 1994). The bimolec-
ular rate constant for reaction of ascorbic acid with singlet ox-
ygen at pH 7.5 was 6.63 x 10s M 'sec-1 (Jung et al., 1994).
Thus, we expected that a rapid background correction for direct
UV measurement of ascorbic acid could be achieved by pho-
todynamic singlet oxygen formation. Thus, our objective was to
establish a rapid riboflavin-sensitized photodynamic UV spec-
trophotometric assay for ascorbic acid in beverages.

MATERIALS & METHODS

Materials

L-ascorbic acid and riboflavin were purchased from Sigma Chemical
Co. (St. MO).
(Bellefonte, PA). HPLC grade acetonitrile was obtained from Fisher Sci-
entific Co. (Fair Lawn, NJ)
local groceries.

Louis, Serum bottles were obtained from Supelco Inc.,

.Commercial beverages were purchased from

Comparison of photochemical methods for making background
corrections

To compare photochemical methods of riboflavin and methylene blue,
and chemical H.O.-NaOCI treatment method for making background
corrections, 21 pg/mL ascorbic acid solutions containing 6 pg/mL of
and 0.072M

The photochemical methods of riboflavin and

riboflavin or methylene blue or containing 0.26M H.O,
NaOCI| were prepared.
methylene blue and chemical HD,-NaO C1 treatment method were well
Samples (20 mL) treated
with riboflavin and methylene blue were transferred into serum bottles

established ways to generate singlet oxygen.

and, then, placed, at room temperature (~23°C) in a light storage box,
1987; Jung and Min,
1991; Jung et al., 1991). The light intensity at lhe sample level was 5500
lux. The sample prepared with H.O.-NaOCI was placed under dark. The
content ofascorbic acid was determined by HPLC (Bradbury and Singh,
1986).

described in detail previously (Fakourelis et al.,

Photodynamic background correction

Riboflavin was chosen to achieve the background correction (sample
blank) for a new direct UV analysis because of effectiveness in ascorbic
acid destruction. To study the destruction of various concentrations of
ascorbic acid, 9, 21, 35, 53 or 105 pg/mL ascorbic acid solutions con-
taining 6 pg/mL riboflavin (pH 7.5) were prepared by addition of cal-
culated amounts of ascorbic acid and riboflavin into 0.01M potassium
buffer (pH 7.5).
bottles. The bottles were placed in the light storage box as described.

Prepared sample (20 mL) was transferred into serum

The content of ascorbic acid during illumination was monitored by meas-
uring absorbance at 265 nm using a spectrophotometer (Bodannes and
Chan. 1979).
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Fig. 1—Comparison of the destruction rates of ascorbic acid by
photochemical methods of riboflavin and methylene blue, and
chemical H202-NaOcCl treatment method.

To study the destruction rates of ascorbic acid at different pH’'s, 21
pg/mL ascorbic acid solutions containing 6 pg/mL riboflavin (pH 7.5,
5.5 and 3.5) were prepared by addition of calculated amounts ofascorbic
acid and riboflavin into 0.01 phosphate buffers of pH 7.5, 5.5 and 3.5,
respectively. The content of ascorbic acid was determined by measuring
absorbance of solutions at 265 nm for samples at pH 7.5 and 5.5, or at
245 nm for samples at pH 3.5 using a spectrophotometer.

Preparation of calibration graph

Tc prepare the calibration graph of standard ascorbic acid, 0-16 pg/
riboflavin (pH 7.5)
were prepared by addition of calculated amounts of ascorbic acid and
riboflavin into 0.01M phosphate buffer (pH 7.5). Six pg/mL riboflavin
in 0.01M phosphate buffer (pH 7.5) was prepared and used as reagent
blank.

blanks measured at 265 nm were plotted vs concentrations of ascorbic

mL of ascorbic acid solutions containing 6 pg/mL

Differences in absorbances of standard solutions and reagent

acids.

Determination of ascorbic acid contents

To prepare a sample for analysis, 0.2-1.0 mL ofjuice or drink was
40 mL or 90 mL of 0.01M
phosphate buffer (pH 7.5) was added to get the approximate ascorbic

transferred into a 250 mL beaker and ~

acid concentration of <10 pg/mL. The pH of the diluted samples was
checked. If the pH was not 7.5 because of addition of sample, it was
adjusted to pH 7.5 with dilute NaOH
transferred into a 50 mL or a 100 mL volumetric flask. The beaker was

solution, and the sample was then

washed with 0.01M phosphate buffer into the volumetric flask. Then,
0.5 mL or 1 mL of riboflavin stock solution (0.060g riboflavin in 100
mL of 0.01M phosphate buffer, pH 7.5) was added to the volumetric
flask and then 0.01M phosphate buffer (pH 7.5) was added to the mark.

None ofthe commercial beverages needed to be pretreated for removal
ofsolid materials. However, ifthe samples contained high concentrations
of suspended solids interfering with the absorptivity at 265 nm we rec-
ommend centrifuging or filtering before UV analysis. Prepared sample
(20 mL) was transferred into a 30 mL serum bottle and then placed in
the light storage box for 15 min as described. We found that ascorbic
acid in the prepared sample was completely destroyed after 15 min of
light storage. Absorbances of samples before and after light storage were
measured at 265 nm using a spectrophotometer. Differences in absorb-
ance of samples before and after 15 min-illumination were used for cal-
culation of ascorbic acid. The calibration graph prepared previously was
used to determine the actual concentrations of ascorbic acid in the sam -

ple.

M ethod reliability was tested on, 12 commercial beverage samples by
comparison with established methods. Three methods compared were the
indophenol (AOAC, 1980), the iodine titration (Fung and Luk, 1985b)
and HPLC method (Bradbury and Singh, 1986). The proposed direct UV
method measures ascorbic acid but not dehydroascorbic acid because
dehydroascorbic acid does not absorb light at 265 nm.

Indophenol method

The 0.25 g/L of 2,6 dichloroindophenol,
standardized by titration with 2.0 mL of standard ascorbic acid solution

indophenol solution, was

and 5 mL of 3% metaphosphoric acid— 8% acetic acid solution (HPO03-
HOAc) to the end point (a persistent rosy pink color). Consumption of
the blank was determined by titrating indophenol solution with 7 mL of
HPO,-HOAC solution plus a given amount of water equivalent to the
volume of indophenol solution used in the previous standardization ti-
tration. For the sample titration, 50 mL of sample was mixed with an
equal volume of HPO03-HOAc solution before filtering. A volume of
filtrate equivalent to about 2 mg of ascorbic acid was then titrated with
indophenol solution using the procedure described including titration of

the blank.

lodine method

The iodine solution (0.005M ) was standardized in the usual way with
0.01M thiosulfate solution. For sample analysis, 5 mL of sample, 20 mL
of water and 2 mL of 1% starch solution were titrated with standardized
iodine solution.

HPLC method

A high performance liquid chromatograph (Model 45, W aters Asso-
ciates, Milford, MA) was equipped with a UV detector (W aters Asso-
ciate, Milford, MA; was used (Bradbury and Singh, 1986) for ascorbic
acid determination. The column used was p-Bondapak C-18 (30 cm X
3.9 mm. W aters Associates, Milford, MA). The mobile phase (flow rate
1.3 mL/min) was aqueous 0.005M KI1LPO, adjusted to pH 4.6 with
dilute HC1 and acetonitrile (30:70, v/v). Ten pL of sample was injected.
The ascorbic acid was quantitated at 265 nm by the UV detector.

RESULTS & DISCUSSION
Background correction (sample blank)

Ascorbic acid is reportedly easily oxidized by the reaction
with singlet oxygen (Bodannes and Chan, 1979; Chou and
Khan, 1983; Rocney, 1983; Jung et al., 1994). Thus, we used
photochemical methods of riboflavin and methylene blue and
chemical H2 :-NaOCI treatment method to produce singlet ox-
ygen. The relative rates of decomposition of ascorbic acid by
photochemical methods of riboflavin and methylene blue, and
chemical HD 2Na0Cl treatment method were compared (Fig.
1). The destruction of ascorbic acid by riboflavin sensitized pho-
tochemical method was fastest among the tested methods. After
15 min of illumination, 100% ascorbic acid was destroyed by
riboflavin sensitized photooxidation. Thus it was selected for
more detailed study for making the sample blank (background
correction).

Effects of initial ascorbic acid concentration and pH

Riboflavin sensitized photodestruction of ascorbic acid was
compared on different initial concentrations (9, 21, 35, 63 and
105 pg/mL) during light storage (Fig. 2). The destruction rate
by riboflavin sensitized method increased rapidly with decreas-
ing concentrations of ascorbic acid. As decomposition rate is
dependent on initial concentration less time was required to de-
stroy smaller amounts of ascorbic acid. The time required to
destroy 9 pg/mL ascorbic acid was 12 min, and that to destroy
21 pg/mL ascorbic acid was 15 min under these conditions. The
ascorbic acid destruction in the systems of 35 pg/mL, 63 pg/
mL and 105 pg/mL ascorbic acid after 15 min-illumination were
98, 83 and 74%, respectively. This result suggested the samples
should have <21 pg/mL ascorbic acid to be completely de-
stroyed during a 15 min-illumination period.
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Fig. 2—Riboflavin-sensitized photooxidation of ascorbic acid
with different initial concentration during light storage.

Since ascorbic acid destruction by riboflavin was pH-depend-
ent, the effects of pH (7.5, 5.5 and 3.5) on destruction of 21 pg/
mL ascorbic acid solution containing 6 pg/mh riboflavin during
light storage were studied (Fig. 3). Ascorbic acid destruction
rate increased with increasing pH from 3.5 to 7.5. After 15 min
light storage, ascorbic acid in solution at pH 7.5 was completely
destroyed. That is, samples adjusted to pH 7.5 required 15 min
to obtain the sample blank (background correction), and samples
at lower pH required longer. As pH increased, the wavelength
of maximal absorbance shifted from 245 to 265 nm, in confir-
mation of reported observations (Fung and Luk, 1985a). The
absorption at 265 nm at pH 7.5 was much greater than that at
245nm at pH 3.5. Thus, the higher absorption at 265 nm at pH
7.5 increased precision of the assay. For analysis of ascorbic
acid. pH 7.5 was used because of the higher absorption and
faster destruction of ascorbic acid there. Destruction time of 15
min was selected for the optimal destruction of ascorbic acid.

Preparation of calibration graph

The limits of the v/orking range were determined from the
calibration graph of standard ascorbic acid (Fig. 4). The corre-
lation coefficient (r) was 0.999. The maximum concentration of
ascorbic acid was 10 pg/mL for a straight line relationship. That
is, the upper limit of the measurement range was 10 pg/mL
ascorbic acid. The molecular extinction coefficient for ascorbic
acid was 14.3 mMcm ', which was almost the same as previ-
ously reported values at pH 7.0 (Kelly and Latzko, 1980; Tsu-
mura, 1993). When the extinction coefficient of 14.3 mMcm 1
was used for calculation of ascorbic acid, the calibration graph
was not needed as long as the concentration of ascorbic acid in
the tested sample was <10 pg/mL.

Changes in spectra by photochemical background
correction

The changes in spectra of orange juice and pineapple juice
samples after photochemical background correction were com-
pared (Fig. 5). Absorption at 265 nm in samples before the
photodynamic step were due to both the ascorbic acid and un-
known components in the samples. As previously mentioned,

09—
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Q
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Fig. 3—Riboflavin-sensitized photooxidation of ascorbic acid at
different pH during light storage.
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Fig. 4—Calibration curve for ascorbic acid.

ascorbic acid in aqueous solution (pH 7.5) has absorption max-
imum at 265 nm. After the riboflavin-sensitized photodynamic
background correction, considerable changes were observed in
spectra around 265 nm (Fig. 5). The change in spectra around
265 nm by the photodynamic step seemed to be mostly due to
the singlet oxygen oxidation of ascorbic acid. Ascorbic acid was
extremely reactive to singlet oxygen (Bodannes and Chan, 1979;
Chou and Khan, 1983; Rooney, 1983; Jung et al., 1994). The
bimolecular reaction rate for reaction of ascorbic acid with sin-
glet oxygen at pH 7.5 was 6.63 x 104M 'sec-1 (Jung et ah,
1994). We monitored ascorbic acid contents in the background
corrected samples by the HPLC method, and found that no as-
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Fig. 5—Changes in spectra for A) orange juice and B) pineapple
juice samples by the riboflavin-sensitized photodynamic back-
ground correction.

corbie acid remained in samples after the photodynamic back-

ground correction. Fifteen minutes of further illumination after

the background correction did not induce further changes in

spectra. This suggested that ascorbic acid was selectively de-
stroyed by the formation of singlet oxygen under these condi-

tions.

Ascorbic acid content in commercial beverages

Repeatability of the method for analysis of ascorbic acid con-
tents in selected commercial beverage was tested (Table 1). The
results show <4% relative standard deviation for three samples
studied. The riboflavin sensitized photochemical method for as-
corbic acid contents in commercial beverages gave precise re-
sults in analyzing real fruitjuices and sport drink.

The recovery test results with known amounts of added as-
corbic acid in four different commercial
pared (Table 2). 100%
observed significant deviation for any of the samples tested.

To test the reliability of the method,
samples were collected, and parallel determinations using well

the

beverages were com -

Almost recovery was shown with no

12 commercial beverage

established methods and
The

samples (especially red),

proposed procedure were com -

interference from colored

the

method has
thus,
iodine titration method, which has less interference form colored

pared. indophenol

for some samples, second
solutions, was used. However, redox impurities can cause prob-
lems in that analysis. The third HPLC method for determination
of ascorbic acid was used, but with interfering constituents, sep-
aration of ascorbic acid was difficult in some beverages.

The results with the proposed method, and the three estab-
lished methods were compared (Table 3). The concentration of
The

in-

ascorbic acid varied greatly among the different samples.
proposed method had a distinct advantage over the AOAC

Table 1—Repeatability of methods for analysis of ascorbic acid contents in
commercial beverages

Beverages
Pine-

Orange apple Sports

juice juice drink
Ascorbic acid contents
(ugml b by indophenol
method 522.3 450.1 348.2
Ascorbic acid contents
(pgmh?) by proposed
method 529.2 456.7 337.4
No. of determinations 6 6 6
Relative standard deviation (%) 177 2.98 4.00

Tab1e 2—Recovery with known amounts of added ascorbic acid in different
beverages

Ascorbic

Ascorbic acid re-

acid added covered Recovery
Beverage (ngmL-1) (pgmL 1) (%)
Orange juice la 402.2 392.0+6.3 97.5
Orange juice 2 402.2 406.1+2.2 101.0
Pineapple juice 442.4 452.4+3.9 102.3
Sports drink 2413 237.4+4.1 98.4

3 Orange juices 1 and 2 are two different brands of juice.

Tabie 3—Comparison of results by proposed UV method with other ana-
lytical methods

Ascorbic acid (pgmL fi3

Beverage uv IND 10D HPLC
Orange juice 1 529.2 522.3 - 529.1
Orange juice 2 319.6 332.0 - -
Pineapple juice 1 456.7 450.1 - 463.6
Pineapple juice 2 256.3 249.1 - -
Grapefruit juice 1 426.6 406.2 - 4115
Grapefruit juice 2 315.7 294.5 - —
Acerola drink 375.0 408.2 - 4249
Sports drink 337.4 348.2 - -
Vegetable juice cocktail 2454 186.7 - -
Tomato juice 120.9 - 94.4 120.3
Grape juice 80.2 - 785 90.0
Apple juice 80.2 _ 57.2

a UV, IND, 10D and HPLC represent the proposed UV spectrophotometry, indophenol,
iodine and high performance chromatographic methods, respectively.

dophenol method. The proposed method could measure ascorbic
acid in some colored samples such as tomato juice and grape
juice. Ascorbic acid contents
could not be measured by AOAC

of color interferences. Among the 12 tested samples, the ascor-

in tomato juice and grape juice

indophenol method because

bic acid contents in 9 samples were successfully determined by

the proposed method. However, considerable differences were

observed between references and the proposed method for ac-

erola drink, vegetable juice cocktail and apple juice. Reasons

for these differences are uncertain.
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Consumer Age Affects Response to Sensory Characteristics
of a Cherry Flavored Beverage

D.H. PHILIPSEN,

ABSTRACT

responses of a young adult population were compared to

The sensory

one over age 60. Using a central composite design, sweetness and flavor
intensity, flavor quality, overall acceptability, perceived thirst quenching
and flavor identification were evaluated

using an artificially flavored

cherry beverage varying in sucrose, flavor, and color. The mean data
were modeled to a response surface as a function of sucrose, color, and
flavor. In both populations the measures were responsive to factors ma-
Color had

acceptance, flavor quality, and

nipulated in the design. specific unique effects on overall
intensity in each of the populations. The
older population was more sensitive to visual cues and less sensitive to

changes in flavor concentration.

Key Words: cherry beverage, sensory, color, flavor, consumer age

INTRODUCTION

Cotltor has a strong effect on the way we perceive everything
Institute (1984)

of their readership rated

around us. The Good Housekeeping has re-

ported that 29.5% “good appearance
(52.5% ) and well
(5.0% ) when

Since freshness

or good color” second only to “freshness”
above taste (23.5% ), texture (10.3% ),

asked to rank a

and smell
list of food quality attributes.
was considered more of a quality than a sensory factor such
results indicate that color is very important in the acceptability
of a food product.

DuBose et al.
identifi-

inappropriate color was used

Color influences the identification of flavors.
(1980)
cations decreased sharply when an

Hall

demonstrated that the number of correct flavor
with a flavored beverage. (1958) demonstrated the same
effect using colored sherbets. Studies by Gifford and Clydesdale
(1986) and Gifford et al. (1987) evaluated the effects of color
on salt perception. Roth et al. (1988) studied the effect of color
perception, (1984)

in flavored and unfla-

on sweetness and Tuorila-Ollikainen et al.
evaluated the effects of color on flavor
vored beverages.

One aspect that has been lacking in most studies on color is
an evaluation of its effect on the perception of other sensory
1993). As

people grow older, vision and hearing decline. A notable decline

characteristics as related to subjects' age (Clydesdale,
also occurs in olfactory sensitivity and a more modest decline
1989).
indicated that the thresholds for many odors were often

in taste Schiffman
(1989)

12 times higher in the elderly as compared to younger persons.

sensitivity (Cowart, and Warwick

No attempts have been made to compensate for such losses in
acuity.

Schiffman and Warwick (1989) found that the elderly pre-
ferred 19 out of 20 flavor enhanced sam ples over unenhanced
counterparts. In evaluating taste sensitivity to sweet, sour, bitter,
and salt, Cooper et al. (1959) found

in subjects up to age 50, but after the mid 50s a sharp decline

little change in sensitivity

occurred in sensitivity to all four tastes.

Author Philipsen is with American Home Products, Circle Build-
ing, Marr St., Milton, PA 17847. Author Clydesdale is with the
Dept, of Food Science, Univ. of Massachusetts, Amherst, MA
01003. Author Griffin is with Hill's Pet Products, 400 w «s: Eighth
Street, Topeka, KS 66603. Author Stern is with Block Drug Co.,
257 Cornelison Ane., Jersey City, NJ 07302
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Fig. 1—Relative position of samples in three-dimensional space
with each outside point and the four corners of the cube all
touching the outside of a sphere which could be drawn around
the cube.

Response to thirst changes with age. Rolls (1989) studying
fluid deprived subjects found responses of the elderly were very
different from younger subjects. An older individual reported no
Fluid

becomes more critical when

feelings of thirst at all. intake is critical for everyone, but
sensitivity to the thirst stimulus is
low .

Our objective was to determine differences in sensory re-

sponses between young adults, (ages 18-22) and an older pop-
ulation, (ages 60-75) to varying concentrations of color, flavor,
and sucrose in an artificially flavored cherry beverage. Subjects
evaluated perceived sweetness, flavor

intensity, flavor quality,

overall acceptability, and perceived thirst quenching.

MATERIALS & METHODS

one was 69
food
class at the University of Massachusetts, and the other was 55 persons,

Two separate panels of untrained
18-22,

subjects were used:

students, ages from an undergraduate nonmajor science

ages 60-75. The older population was recruited from a mailing list ob-
tained from the town of Amherst, Massachusetts. A letter was mailed to
a random sample from this list, followed by a telephone call indicating
the purpose of the research. Individuals who knew they were color blind
did not participate.

Sample variations were developed using a central composite rotatable
design (CCD) (Meilgaard et al., 1991: Gacula and Singh, 1984;
al., 1978) (see Fig. 1). The design was composed of a 23 factorial (the
of the a center point (#685) and
(emanating out from the center point). The design yields good resolution

(i.e.. five levels across each of three

Box et

eight comers cube), “axial” points

ingredient factors) in an efficient
manner (i.e., only 15 samples were required as compared to 27 samples
in a traditional 33 factorial). In the design, the center point was set as
the standard (0) and each of the remaining 14 samples was formulated
to contain more or less of the three variables under study, color, flavor
and sucrose.
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The composite rotatable design required that the distance, », from the
center point (standard) to the axial point (extreme samples) be equal to
N c14. In the second order design with 3 variables N = 8 and + = 814
= 1.68 (Gacula and Singh. 1984).

Thus, formulations were developed by placing the standard beverage
as the center point and the extreme samples were chosen to represent
concentrations of variables which were assumed to be on the fringe of
acceptability by scientists at Kraft Foods who prepared the uncolored
samples. These were then given a value of = 1.68 from the standard at
0. The
standard at zero and the extreme samples at 1.68 (Table 1). Actual con-
(Kraft
+ 1.68) were used to define levels of su-

in the

less extreme samples were formulated at 1 in relation to the

centrations of sucrose and flavor were proprietary information
Foods). Coded units (0, * 1,
crose and flavor. However, colorants were added laboratory and
blends were developed (Table 2).

Differences in colorant concentration did not correspond to differences
in color space nor to visual assessments of color differences (Francis
1975). Therefore

samples used (Table 3) which varied from

and Clydesdale, it was necessary to combine blends
(from Table 2) to produce
yellow to red and had color differences of 7.9 and 13.3 AE units from
the standard, corresponding to the ratio of 1:1.68 in accordance with the
design. Tristimulus values, L, a and b, of each sample were measured
on a Hunter LabScan Il Colorimeter (Hunter Associates Laboratory Inc.,
Restin, VA) and the distance (AE) from the standard was calculated from
(AL2+ Aa2+ Ab2I2(Francis and Clydesdale, 1975).

Samples were assigned 3-digit random codes and presented such that

the equation AE =
each was seen in each position at least once. Presentations were rotated
and balanced to the extent allowed by the
that

through all presentation positions with every 30 subjects. Thus, the stu-

number of subjects used.

Specific rotation employed was such each sample was rotated

dent population (69 subjects) rotated more than twice through the com -

plete order of samples and the older population (55 subjects) rotated

through the design slightly less. Sample presentation was rotated and
balanced as close as possible, given the ending sample size, to account
for position (i.e., first, second, third, etc.) and sequential carry over ef-
fects (i.e., mediocre samples preceded or followed by more or less ac-
1991; Box et al,, 1978).

Dry powdered cherry flavored beverage mixes for each variable except

ceptable samples) (Meilgaard et al.,
color were produced by General Foods to insure commercially accept-
able quality. Packets containing the specified flavor and sucrose concen-
trations were designed to make 1860 mL of beverage. To make up this
volume, 1822 mL of double distilled deionized water was used and a
total of 38.0 mL of colorant blend added. Table 3 shows beverage code
numbers, the coded units, quantity of blends added and AE values. Each
sample was made 24 hr prior to testing and stored at 1,7°C until use.
Eight samples, containing 100 mL each in =265 mL clear plastic
tumblers covered by paper boxes, were presented to each subject on a
tray on day 1 under standard tungsten room lighting. The second eight
samples were presented on day 2 with one sample overlapping for con-
tinuity under the same conditions. That is. for each subject, the last
sample evaluated on day 1 was the first sample on day 2. Subjects were
asked to use a 9-point rating scale and ratings for the first sample on
day 2 were discarded from the analysis. Each sample was evaluated only
once and rated for sweetness intensity, flavor intensity, overall accepta-

bility, perceived ability to quench thirst, and flavor identification.

DATA ANALYSIS

Data were subjected to analysis of variance using age, color, flavor

and sucrose levels as data were
fitted to a
rately using SAS STAT (SAS Institute Inc., Cary, NC). Regression equa-

tions were then plotted as three dimensional surface plots (SAS GRAPH)

independent variables. Subsequently,

regression equation for the younger and older groups sepa-

to observe effects each variable had within each population and between
regression analysis data were plotted

level (x axis) and

the two populations. Following
with dependent variables on the Y axis and sucrose

color (z axis) (expressed in coded units).

RESULTS & DISCUSSION

Coefficients of determination from predicted regression

models relating varied

from 0.895 to

independent and dependent variables
0.977 that

quately fit the data accounting for 89 to 98 percent of variance.

indicating regression models ade-

Sweetness perception

As expected both the and older

ceived

younger populations per-

increasing sweetness with increasing sucrose concentra-

Tabie 1—Relative concentrations, expressed as coded units, independent
variables within each sample evaluated

Coded units
Sample Cherry

no. Sucrose flavorant Colorant3
923 +1.68 0b Ob
144 +10 -1.0 -1.0
377 +1.0 -1.0 +10
635 +10 +10 -1.0
610 +10 +10 +1.0
983 ob -1.68 Ob
392 ob 0b - 1.68
685 ob 0b Ob
794 ob Ob +1.68
332 ob +1.68 Ob
940 -1.0 -1.0 -1.0
542 10 -1.0 +1.0
513 -1.0 +1.0 -1.0
131 -1.0 +10 +1.0
588 -1.68 0b ob

aVariations from the standard colorant concentration were expressed as color differ-
ence ratios (AE). Actual amounts of colorant used may be deduced from Table 2 and
3.

b0 represents the concentration of the standard formulation. Variations from the stan-
dard were in the ratio of +1 or +1.68.

tan1e 2—Composition of blends used with red dye #40 (lot 588-T) and yel-
low dye #5 (lot 583-T, Warner Jenkinson Co, St. Louis, MO) mixed with
double distilled deionized water (dd H20)

Blend # g red dye #40 g yellow dye #5 mL dd H20
1 2.0 0.0 200
2 3.8 0.0 200
3 0.2 0.0 200
4 3.088 0.0 200
5 3.050 0.0 200
6 0.0 16 200
7 0.0 2.0 200
8 0.0 3.0 200

tabie 3—Coded units, dyes added, and resulting color differences (AE)
from the standard formulation

Coded
Bev units Red blend # Yellow blend # AEa
1 -1.68 19 mL blend 5 19 mL blend 8 133
2 -1.0 19 mL blend 4 19 mL blend 8 7.9
3 -1.0 19 mL blend 4 19 mL blend 8 7.9
4 -1.0 19 mL blend 4 19 mL blend 8 7.9
5 -1.0 19 mL blend 4 19 mL blend 8 7.9
6 0 19 mL blend 3 19 mL blend 7 0
7 0 19 mL blend 3 19 mL blend 7 0
8 0 19 mL blend 3 19 mL blend 7 0
9 0 19 mL blend 3 19 mL blend 7 0
10 0 19 mL blend 3 19 mL blend 7 0
n +1.0 19 mL blend 2 19 mL blend 6 7.9
12 +1.0 19 mL blend 2 19 mL blend 6 7.9
13 +10 19 mL blend 2 19 mL blend 6 7.9
14 +1.0 19 mL blend 2 19 mL blend 6 7.9
15 +1.68 37.2 mL blend 1 0 mL blend 13.3

a AE is a vector which indicates distance but not direction. The values obtained are in
the ratio of 0:1:1.68 tc conform with Table 1.

tion (Fig. 2).

the way each age group responded to increases in sucrose level.

However, a difference (p = 0.0160) occurred in
Perception of sweetness of young adults
2b) with
centrations. The muted response of older subjects was consistent

increased more (Fig.

2a) than older subjects (Fig. increasing sucrose con-

with a decrease in gustatory
(1977) and Cooper et al. (1959).
A decrease

sensitivity noted by Schiffman

in flavorant concentration from the high to low
level caused a uniform decrease in perceived sweetness for both
older (p = 0.0727) and younger (0.0519) subjects. Colorantcon-

centration, however, did not affect sweetness perception in ei-

ther population (Fig. 2a and b). Results indicated that there may
in the older

have been an upward trend with increasing color

population at the lower sucrose level.
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Fig. 2—Ratings for perceived sweetness intensity evaluated by (a) younger and (b) older subjects as related to sucrose concentration
(coded units) and colorant level. Flavor was held constant at the high level. The fitted regression equation for (a) is Sweetness Intensity
= 4.7282 + 0.0404 x sucrose level + 0.0384 x colorant level + 0.0038 x flavor level + 0.0002 x sucrose level x flavor level and for
(b) is Sweetness Intensity = 4.5449 + 0.0321 x sucrose level + 0.0226 x colorant level + 0.0035 x flavor level - 0.0030 x sucrose
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Fig. 3—Ratings for perceived flavor intensity evaluated by (a) younger and (b) older subjects related to sucrose level (coded units)
and colorant level. Flavor was held constant at the high level. The fitted regression equation for (a) is Flavor Intensity = 4.3564 +
0.0265 x sucrose level + 0.0213 x colorant level + 0.0036 x flavor level and for (b) is Flavor Intensity = 3.8535 + 0.0126 x sucrose
level + 0.0871 x colorant level + 0.0041 x flavor level - 0.0015 x sucrose level x colorant level.

Flavor intensity

Flavor intensity was affected in both populations over the

range of sucrose concentrations, but effects on older subjects
were somewhat muted and different (p = 00001) from younger
subjects. The slope of the response curve for flavor

was much steeper for younger subjects (Fig. 3a) than for older

intensity

subjects (Fig. 3b). This was not true for color where the effect
on flavor
0.20)
color shifted from yellow to red. The effects of color on flavor

intensity for the older subjects (Fig. 3b) was a (p =

steeper response than for younger subjects (Fig. 3a) as
intensity were consistent with other reported results (Clydesdale
1992).

apparently placed on visual cues by older subjects as compared

et al., O f particular interest was the greater emphasis

to younger subjects. A change in flavorant concentration from

lowest to highest level produced a change in flavor intensity
(young, p = 0.0526 and old, p = 0.0327) which was not dif-

ferent between the two populations.

Flavor quality

Subjects also evaluated “ flavor quality™ as well as flavor in-

tensity. “ Flavor quality” was defined as the subjects perception

of trueness of flavor. We were not certain how subjects inter-

preted this meaning.

There was a difference (p = 0.0109) in perception of flavor
quality by the two populations. Increasing sucrose concentration
affected flavor quality response in both populations and the

older subjects had a more muted response to changing sucrose
concentrations (Fig. 4b) than the younger subjects (Fig. 4a). As
color shifted from yellow to red it had an effect on assessment
of flavor quality by both younger (p = 0.0256) and older (p =
0.0693) subjects. Note however, that a shift from
est flavorant level

lowest to high-
did not affect the older subjects’ perception
it (p = 0.0645)

of flavor quality but increased in the younger

group.

Overall acceptability

The apparent decreased importance of flavorant concentration
for older subjects was apparently confirmed by the fact that it
did not affect overall acceptability scores although sucrose and
color did. Also, all three factors affected overall acceptability in
younger subjects (Table 4) showing that the lack of effect of

flavorant concentration was specific to older subjects.
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Fig. 4—Ratings for perceived flavor quality evaluated by (a) younger and (b) older subjects and colorant level as related to sucrose
level. The fitted regression equation for (a) is Flavor Quality = 4.1300 + 0.0255 x sucrose level + 0.0559 x colorant level + 0.0036

x flavor level + 0.0002 x sucrose level x flavor level -

0.0002 x sucrose level x sucrose level -

0.0019 x flavor level x colorant

level and for (b) is Flavor Quality = 3.8822 + 0.0187 x sucrose level + 0.0625 x colorant level + 0.0009 x flavor level + 0.0001 x
sucrose level x flavor level - 0.0004 x sucrose level x sucrose level. Flavor was held constant at the high level.

tavie «+—Effects of a change in sucrose concentration, colorant, or flavor-
ant, noted as a p value, in an artificially flavored cherry beverage on the
sensory perceptions of young adults (Y), ages 18-22, and an older popu-
lation (0), ages 60-75

Sensory perceptions3

Sweetness Flavor Flavor Overall Ability to
Intensity intensity  quality  acceptability quench thirst
Group

Effect of sucrose

Y 0.0001 0.0001 0.0001 0.0001 0.0020

0 0.0001 0.0001 0.0001 0.0001 0.0121
Effect of colorant

Y NS NS 0.0256 0.0001 NS

0 NS 0.0120 0.0693 0.0409 NS
Effect of flavorant

Y 0.0519 0.0526 0.0645 0.0033 NS

0 0.0727 0.0327 NS NS NS

asignificant positive effect is noted by a numerical p value while NS denotes no sig-
nificant effect.

Thirst quenching

Perceived thirst quenching was not designed to determine a
“real” effect but rather a perceived effect. That is, we did not

try to measure the amount of beverage required to satisfy a
thirsty subject but asked subject’s opinions on which beverage
they thought would best quench thirst. Such information may
have some value in marketing but has little application in phys-
iology. Nevertheless results were interesting since increasing su-
crose only, and not flavor nor color, increased the perception of
(Table 4).

in the elderly across the range

thirst quenching in both age groups However, the
effects of sucrose, were muted

of sucrose concentrations.

Effects of sucrose, flavor, and color

Useful
grouped according to

information may be revealed by reviewing the data,
independent variables, sucrose, flavorant
and colorant concentration (Table 4). Sucrose concentration, as
opposed to colorant and flavorant, was the only dependent var-
iable which had an effect on all attributes. Color affected several
of the attributes, but contrary to other reported results (Clydes-
1992: 1978: 1974;
1960), a change in color concentration had no effect

dale et al., Kostyla and Clydesdale, M aga,
Pangbom,
on perceived sweetness intensity for either population. Color had
no effect on perceived flavor intensity by the student population,
but there was an increase in perceived flavor intensity of bev-
erages by the older group. Similar results were noted by Schiff-

man and Pasternack (1979), where the absence of color greatly

tante s—Percent of responses to the question "what flavor would you say
this beverage is?" for each flavor category of a young adult population (Y)
age 18 to 22 (N=69), and an older population (O) age 60 to 75 (N=55)
evaluting an artificially flavored cherry beverage colored from red to yellow

Bev

# Cherry Fruit punch Orange No ans. Other reds Other
Y 48 7 7 19 12 4
5 g 1 7 7 29 5
131 Y 38 12 19 16 7 7
o] 25 7 29 16 13 9
377 Y 45 7 19 17 12 4
o] 24 13 29 31 n 5
512 Y 29 9 19 25 12 7
o] 18 7 33 27 7 7
610 Y 51 6 9 19 13 3
0] 24 15 35 15 7 5
Y 22 9 30 25 7 7
32 o5 g 16 2 25 2 5
Y 16 7 36 29 4 7
%88 o5 g 9 45 25 5 5
Y 19 6 42 23 4 6
85 o5 13 9 49 2 2 4
923 Y 20 10 38 12 13 7
o] n 9 45 22 4 9
083 Y 22 7 38 23 6 4
0 5 9 44 27 5 9
Y 12 4 46 19 7 12
W u 7 47 20 4 n
513 Y 17 3 36 29 9 6
o] n 9 44 16 4 16
635 Y 19 3 42 16 13 7
(o] n 9 42 25 5 7
940 Y 14 1 49 25 3 7
o] n n 47 16 4 n
Y 23 7 38 14 7 10
32 o5 13 1 4 24 4 5
reduced or eliminated the ability to identify a flavor. Tepper
(1993) reported that older subjects were more strongly influ-

enced than younger ones by an off-color in orange juice. Ap-
parently from our results, the older subjects depended more on
visual cues to determine characteristics of the products. For both
populations, an increase in color resulted in an increase in per-
ceived flavor quality (Table 4) and acceptability as previously
1992; 1960, and others.

Color had no effect on perception of thirst quenching in either

noted by Clydescale et al., Pangbom,

group.

An increase in flavor of 50% from the lowest to highest level

caused an increase in perceived sweetness and flavor intensity

for both populations (Table 4). However, the older adults did
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not perceive an increase in flavor quality whereas the younger
ones did. Similar results were found with regard to overall ac-
ceptability, where flavor was a significant factor when increased
50% for the younger, but not for the older, subjects. Perceived
ability to quench thirst was not affected by flavor concentration
in either population iTable 4).

The overall effects of color on flavor identification in all the
samples were compared (Table 5). Although this was a periph-
eral study the results were interesting considering that the sam-
ples differed only in concentration of flavor, sucrose and color.
As color changed from red through orange to yellow (Table 5)
the number of correct responses identifying the flavor as cherry
decreased. ldentification as orange flavor increased along with
the inability to identify the flavor (no answer) in both popula-
tions. The categories of “ fruit punch,” “other red flavors" and
“other” changed randomly with no apparent trends. These re-
sults confirm others such as DuBose et al. (1980) where color
was a critical component of flavor identification. However, in
our results the younger population gave a greater number of
correct responses than older subjects, likely reflecting decreasing
olfaction sensitivity with age and increasing reliance on visual
Cues.

From these results, and others, sensory perception is appar-
ently age dependent and color may become more influential in
perception of other sensory characteristics, with age. Color is
important for more than appearance. Color obviously provides
cues which cause interactions with perceptions of other sensory
characteristics (as do taste and flavor).

More research is needed to quantify such interactions. Con-
sideration should be given to formulating foods with flavor and/
or color and/or taste enhancement to provide foods that may be
more appealing to older consumers.
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Anthocyanin Pigments of Royal Okanogan Huckleberry Juice

CORNELIA L. PRICE and

ABSTRACT
Juice processed from Royal Okanogan Huckleberries had an intense pur-
ple color, (C1E L*a*b* = L*, 22.66. a*. -0.06, b*, -0.46) and high

anthocyanin pigment content. (>5 g/L).

rated by HPLC and characterized from

The anthocyanins were sepa-
retention times and UV -visible
spectra of purified pigments and their hydrolysis products. The major
pigment (>70% ) was petunidin 3-(p-coumaroyl-rutinoside)-5-glucoside.
Eleven additional anthocyanins were identified as petunidin, delphinidin,
and malvidin with the same glycosidic substitution pattern as the major
pigment, and varying degrees of acylation with /r-coumaric, ferulic, and
caffeic acids. It was concluded from comparative pigment analyses and
berry morphology that Royal Okanogan had
characteristics to the Garden Huckleberry, Solanaceae melanocerasum
(renamed 5. scabrum).

Key Words: anthocyanins, huckleberries, Solanaceae melanocerasum, S.
scabrum. petunidin

Huckleberries identical

INTRODUCTION

A Pacific Northwest juice processing company supplied us
with block-frozen Royal Okanogan Huckleberries for pigment
analyses. Royal Okanogan Huckleberries are a new cultivar, be-
ing grown in small quantities in the Okanogan valley of north-
central Washington state. The berries are highly pigmented, and
sauces and preserves with an intense purple color are being
processed as a cottage industry and sold in local markets. There
was interest to see if the fruit had potential for use in blended
juices or juice drinks. We were informed that the Royal Oka-
nogan Huckleberry had parentage from blueberries (Vaccinium
corymbosum L.), cranberries (V. macrocarpon Ait.) and the wild
huckleberries native to the Cascade Mountains (blue, V. ovali-
folium Smith; black, V. membranaceum Doug, ex Hook).

The anthocyanin pigment composition of cranberries has been
established and confirmed (Macheix et al., 1990). The major
pigments are the 3-galactosides and 3-arabinosides of cyanidin
and peonidin; the 3-glucosides are present in minor amounts,
and the same 3-glycosides of delphinidin are present in trace
quantities. The highbush blueberry (V. corymbosum) contains
the 3-glucosides, galactosides and arabinosides of malvidin,
cyanidin, peonidin, delphinidin and petunidin; malvidin-3-glu-
coside and malvidin-3-galactoside are the major pigments
(Macheix et al., 1990). The same anthocyanins have been iden-
tified in lowbush blueberry (v. angustifolium Ait., Macheix et
al., 1990). The anthocyanins of the wild huckleberries native to
the Pacific Northwest have not been reported.

Webster’s dictionary (1979) defines huckleberries as “any
number of related shrubs having dark-blue berries resembling
blueberries.” Within the family Ericaceae, the subfamily vac-
ciniaceae is divided into two tribes (Camp, 1945): the Gaylus-
sacieae (true huckleberries) and the Vaccinieae (cranberries and
blueberries). The vaccinium spp. found in the Pacific Northwest
were mislabeled as ‘huckleberry’ although they are generically
Vaccinium and not Gaylussacia (Stark and Baker, 1992). vac-
cinium membranaceum (mountain huckleberry, twin-leaved
huckleberry), the most extensively harvested Vaccinium species
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in western North America (Luby et al., 1990), is in Vaccinium
section Myrtillus (Vander KJoet, 1988). Included in the Solan-
aceae family is an annual plant known as the Garden Huckle-
berry (Solatium guineese or 5. melanocerasum). Francis and
Harbome (1966) investigated the anthocyanins of the Garden
Huckleberry and identified petunidin-3-(/?-coumaroyl rutino-
side)-5-glucoside as the major pigment. Three additional antho-
cyanins were identified as 3-rutinoside-5-glucosides of petunidin
or malvidin, two of which were acylated with cinnamic acids.

Our major objective was to characterize the anthocyanin pig-
ments of the Royal Okanogan Huckleberry and measure their
concentration. Juice processing trials were conducted so we
could determine the color properties, pigment content and other
juice characteristics, including estimated juice yield. The inves-
tigation proved to be an interesting case-study in chemotaxon-
omy.

MATERIALS & METHODS
Materials

Frozen Royal Okaiogan Huckleberries were obtained from Tree Top,
Inc.. Selali, WA. Pu:ple tomatillos (Physalis ixocurpa), eggplants (So-
latium melongena, va dusky), Highbush blueberries, purple peppers
(Capsicum. var Chinese Multicolor), and cranberry juice (Welch Foods.
Inc.) were purchased from local supermarkets and farms. Garden Huck-
leberries (Solatium melanocerasum Mrs. B's
Huckleberries, also known as Wonderberrics (S. burbankii) were grown

and non-bitter Garden
in a home garden from seeds obtained from Peace Seeds. Corvallis, OR.
Berries from wild nightshade (S. nigrum) were collected in the Corvallis.
OR area and identified by pictorial comparison (Underhill. 1989). Black-
berry juice was available from
1992).

an earlier research project (Rommel et
al..

Reagents, solvents and standards

HPLC grade methanol, acetonitrile, glacial acetic acid, acetone, chlo-

roform, reagent grade dichloromethane, hydrochloric acid, potassium

chloride, citric acid monohydrate, and
Baker.
phosphoric acid was purchased from EM Science, Gibbstown, NJ. Tris-

‘Dilut-it” sodium hydroxide stan-

dard were purchased from J.T. Phillipsburg, PA. Concentrated
hydrochloride, caffeic acid, />coumaric acid, and ferulic acid were pur-
Corp., St MO.

hydroxide, sodium hydroxide, and monobasic potassium phosphate were

chased from Sigma Chemical Louis. Potassium
purchased from M al.inkrodt Chemical W orks, St. Louis. MO. Two pec-
tinase enzyme preparations were used in juice processing: Novo U ltra
SP (Novo Labs, Danbury. CT) and Rohapect BI-L (Rohm Tech., Mal-

den, MA).

High performance liquid chromatography (HPLC)

Apparatus. Varian Model 5000 liquid chromatograph (Varian Instru-
ment Group. Walnut Creek, CA) fitted with a Hewlett Packard HP
1040A diode array detector (Hewlett Packard. North Hollywood. CA).
a Varian refractive index detector, and a Hewlett Packard 9000/9153
computer system.

HPLC columns and gradients. (1) Supelcosil C 18 column (Supelco
Inc., Bellefonte, PA) 250 mm ID fitted with a Biorad ODS-
10 guard column (B orad. Richmond. CA). Solvent A = 15% acetic acid
100%
= 15 mL per min.
corded from 250 to 610 nm. (2) Spherisorb ODS-2 column (Alltech
Associates, Deerfield. IL) 250 x ID fitted with a Biorad
ODS-10 guard column. Solvent A = phosphoric acid (aqueous), B
= 100% acetonitrile. 12%

X 4.6 mm

(aqueous), B = acetonitrile. Isocratic at 85% solvent A. Flow rate

Peaks were monitored at 520 nm and spectra re-
4.6 mm
4%

Initial solvent composition =

Inc..

B with linear
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B at
1.3 mL per min. (3) PLRP-S polymer column
(Polymer Labs, Amherst, MA), 5 pm particle size, 250 X 4.6 mm i.d.
fitted with a Polymer Labs guard column. Solvents are the same as used
with the ODS-2 system (2). Isocratic at 6% B for 10 min, with linear
gradient to 20% 1.5 mL per min. (4) Spher-
isorb ODS-2 connected in series to a Spherisorb ODS-1 column (both
Deerfield. IL) 250 mm x 4.6 mm i.d.
Solvent system was as described for HPLC determination of nonvolatile

gradient to 16% B in 40 min. followed by linear gradient to 25%

45 min. Flow rate =

B at 55 min. Flow rate =

from Alltech Associates Inc.,
acids in cranberries by Hong and W rolstad (1986). (5) Biorad Aminex
HPX-87C (Biorad Labs, Richmond, CA) 300 X 7.8 mm i.d., fitted with
Biorad Carbo C guard column. Solvent and conditions were as described
for HPLC determination of red raspberry sugars by Spanos and W rolstad
(1987).

Gas-liquid chromatography (GLC)

Apparatus. Varian Aerograph series 1400 (Varian Instrument Group,
W alnut Creek. CA) fitted with an HP-3396 A integrator (Hewlett Pack-
ard. North Hollywood. CA). A Supelcoport SP-2340 packed glass col-
umn (Supelco, Inc., Bellefonte, PA) 6 ft. X 2 mm i.d. was used. Nitrogen
was used as carrier gas at 17 mL/min. The Column was isothermal at
225°C, detector = 262°C, and injector = 240°C.

Juice processing trials

Frozen berries (350 g) were blanched by heating in a microwave oven
to 90°C and held for 5 min before cooling to 50°C. A second portion
was held at 50°C. Depectinization with Novo Ultra SP pectinase prep-
aration (0.05% v/w) was conducted at 50°C for 3 hr.
was monitored with an alcohol precipitation test (Rommel et al,

Depectinization
1990).
Juice was screened through muslin, filtered successively through W hat-
man No. 4 filter paper, Polarite polyester fleece material (Fabricland,
Corvallis, OR) and through a Buchner funnel with Whatman No. 1 filter
paper coated with a 1 cm layer of Hy-flo Super-cell. Trials were done
in triplicate.

In a second series of trials, frozen berries (275g) were broken in a
W aring Blendor, and blanched by heating to 80°C in a microwave oven
and holding for 5 min. Samples not being blanched were held at 50°C.
The juice was depectinized w’ith Rohapect B1L (0.1% v/w) at 50°C for
8 hr. followed by 14 hr at 25°C until it tested negative for pectin. Fining
with gelatin and bentonite (500 ppm) was as described by Rommel et
al. (1990). The filtration procedure was the same as described above;

trials were done in duplicate.

Analytical determinations

Titratable acidity was measured as citric acid, according to the AOAC
22.059 glass electrode method, using 0.01 normal NaOH (AOAC, 1984).
Juice pH was measured using a Coming 125 pH meter (Coming Glass
W orks, Medfield, MA) with a Sensorex combination electrode (Stanton,
CA.). °Brix of juice samples was determined using a hand held, 0-90°
Brix, reffactometer (Atago, Japan).

All analytical determinations,
GLC
used to determine level of significance.

HPLC and

analyses were determined in duplicate. The Standard T test was

including spectral, color,

Sample preparation and HPLC separation of Anthocvanins

Sample preparation was as described by Hong and Wrolstad (1990).
Pigments adsorbed on a C-18 Sep-pak cartridge (W ater Associates, Mil-
ford, MA) were washed with deionized water and eluted with HPLC
grade methanol containing 0.01% HC1. After methanol removal, the pig-
ments were dissolved in 4% phosphoric acid and filtered through a 0.45
pm filter. The Supelcosil C-18 system was used for comparative screen-
ing of anthocyanins from different materials while the Spherisorb ODS-
(2) was

arations. (The Polymer Labs PLRP-S column system was also effective

2-column system used for most acylated-anthocyanin sep-
for separation of acylated anthocyanins.)

Anthocyanins were also isolated from fruit via acetone extraction us-
ing the procedure of Wrolstad et al., 1990. The acetone extract was
vacuum filtered through a W hatman #1 filter and partitioned with 2.4
volumes of chloroform. Phase separation took place in a separatory fun-
nel over a 5 hr period. Pigments were isolated from the upper, agueous
phase using Sep-pak cartridges as described, and separated via the ODS-

2 column system.

Anthocvanidins

Anthocyanidins from juices and purified fractions were analyzed fol-
lowing the procedure of Hong and W rolstad (1986). Pigments were iso-
lated on a Sep-pak mini-column, rinsed with water, eluted with methanol
and dried under vacuum. The isolate was hydrolyzed in 2N HC1 at 100°C
for 30 min. Modifications included the use of pure methanol to elute
pigments from the Sep-pak and the omission of NaCl. Sugars from the
hydrolysis procedure were eluted from the Sep-pak cartridge with water
and reserved for subsequent analysis. Anthocyanidins were dissolved in
4% phosphoric acid and filtered through a 0.45 pm filter. Pigments were
stored at -15°C

and analyzed within 12 hr. Anthocyanidins were sep-

arated on the Supelcosil C-18 column system.

Alkaline hydrolysis of anthocyanins

The procedure described by Hong and W rolstad (1990a) was used to
saponify the acylating acids and to separate them from the glycosylated
anthocyanins. The pigments and acids were washed with deionized water
and eluted with HPLC grade methanol before redissolving in 4% phos-
phoric acid and filtering.
Spherisorb ODS-2 column.

Pigments and acids were separated o