journal of

F00D SCIENCE

Executive Editor - -

Assistant Editor -
Board of Editors

United States and Canada.....

[nternational.....ooooooeeeesssssssessen

SSSSSSSSSSSSSSSSS

o

L ShiRARIRD At

EEEEEEEEEEEEEE

Executive Editor,
n i b é%‘”@“@%@“@fﬁsﬁ”%
{ihsc I S t

no ISTS,
aﬁd ylgntﬁ% {Yﬁ

MARCH-APRIL, 1962

........................................... Jean F. Caul
R ob

ert E.Feeney
Calvin G olumbic
Z- ||Kertesz
Leo K 1i

C.F. Schmidt
H L.A.Tarr

...................... \].K upriano ff

A A
%i}&; ﬁﬁnﬂi e fi : "?%;Z%giw
%@M %ﬂ*éf o
Loy

Volume 27, Number 2

9&5"’

IS

=z,>

1
S

n::

An Official Publication of the Institute of Food Technologists



Journal of FOOD SCIENCE

MARCH-APRIL, 1962 Volume 27, Number 2

CONTENTS

H. Y. Yamamoto, M. P. Steinberg, and A. I. Nelson. Kinetic Studies on the Heat
[nactivation Of PEroXidasein SWEEL COM .. mmmmmeerresssseereesssessssssssmsssssssssssssesssssseeens 13

B. R. W. Pinsent. Peroxidase Regeneration and Its Effect on Quality in Frozen Peas
AN THAWEA PLAS...ocvvsvvssnvsessmsssmesmessnssssssssssssessssessssessssessssesessssessssessne 120

Grafton J.kSmith and W. L. Dunkley. Ascorbic Acid Oxidation and Lipid Peroxidation
LI 127

Marelynn W. Zipser, Jacqueline Dupont, and Betty M. Watts. Extraction of Lipids
from OXIGIZING MUIIEL...ovvevvvvvvsrrsrvsvrsssssssssssrssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 135

L. J. N. Cole. The Effect of Storage at Elevated Temperature on Some Proteins of
FIeeze-Dried BEET .o s oo 139

J. R. Bendall and J. Wismer-Pedersen. Some Properties of the Fibrillar Proteins
of Normal and Watery POrK MUSCIE. ... 14

Dohn G. Glitz, Paul A. Buck, Andrew C. Rice, and William D. Powrie. The Effect

of Sudden Cooling on the Respiration 0f PEA TISSUE.....mmmmemmsmmmmmmsmmmsnssnssnns 160
S. D. Bailey, D. G. Mitchell, M. L. Bazinet, and C. Weurman. Studies on the

Volatile Components of Different Varieties 0f C0C08 BEANS.....vvrvvrrsrmssvmsrrsrrssene 165
A. Laurence Curl. The Carotenoids of Meyer LEMONS. ... 1

A. M. Pearson, G. Harrington, R. G. West, and Mildred E. Spooner. The Browning
Produced by Heating Fresh Pork. I. The Relation of Browning Intensity to Chemical
0 LS L N i

Birger Drake. Automatic Recording of Vibrational Properties of FoodStuffs.............. 182
V. L. Singleton and C. S. Ough. Complexity of Flavor and Blending of Wines........ 189

H. Stone, C. S. Ough, and R. M. Pangborn. Determination of Odor Difference
TREESNOIAS oovvessvessresssessssssss s s st 197

R. Bressani, L. G. Elias, and N. S. Scrimshaw. All-Vegetable Protein Mixtures for
Human Feeding. VIII. Biological Testing of INCAP Vegetable Mixture Nine in Rats 203

R. C. Lindsay, E. A. Day, and W. E. Sandine. Some Properties of the 2, 4-Dinitro-
phenylhydrazine Derivatives of Diacetyl, a-Acetolactic Acid, and ACEtOIN...urvrvvren 210



Kinetic Studies on the Heat Inactivation of
Peroxidase in Sweet Cornl

H. Y. YAMAMOTO," M. P. STEINBERG, and A. I. NELSON

Department of Food Technology, University of Illinois, Urhana, Illinois

(Manuscript received August 7, 1961)

SUMMARY
A Kinetic ﬁrocedure employing D values was used instead of the usual

end-point method to stud

heat Inactivation of peroxidase in whole-kernel

sweet corn. Results at 150-200°F indicated that a heat-labile fraction and a
heat-stable fraction were being inactivated. The resistant fraction represented
5% of total enzyme activity, and was concentrated in the pericarp. Increasing
the blanch time at 200°F from 2 to 5 min decreased residual enzyme activity

from 3.3% to 1.7%.

~Inactivation of the heat-resistant fraction at 210-290°F also followed a
first-order reaction. The phantom inactivation-time curve showed that an HTST
process based on microbial destruction could leave residual enzyme activity.

In the conventional thermal process for
canned foods, ie., at retort temperatures of
250°F and below, enzymes are inactivated
in some time less than that re_(ﬂuwed, for
achieving commercial sterility. The situa-
tion ma%/ be the reverse at elevated retort
temﬁera ures. Vetter ¢l al. (1958a, 1959),
in their work on inactivation of sweet-corn
?,eromdase, showed that it is possible to
ind residual enzyme activity in whole-kernel
corn given a h|gh-temi)erature short-time
process based on bacterial destruction, Their
data indicated that the heat inactivation-
time curve for peroxidase was biphasic
showing a smaller slope above a critical
temperature,

The heat inactivation curve used by Vetter
et al. (1958a, 1959) was hased on an “end-
point” determination. . A series of samples
were heated at a given temperature for
various times and analyzed for residual en-
zyme, activity. The enzyme was considered
inactivated when the assay method (Vetter
et al, 1958h) could detect no activity and
the heating time was corrected for heat pene-
tration lag. This is the classical approach
also used to obtain a thermal death-time

“M.S. thesis in Food _Tec_hnolo%y, by the senior

author, University of Illinois, Urbana,” Illinois.
“Present address: College of Tropical Agricul-

ture. University of Hawaii, Honolulu 14, Hawaii.

curve for bacterial spores. The position of
the resu!t!n% curve in either case depends on
the sensitivity of the assay method.

The disadvantage of the end-point method
was avoided in the present work by taking
an alternative apfroach, as outlined by Es-
selen and Pflug (1954) and. Stumbo, (1949).
In this, the rate of “inactivation is deter-
mined at each of several temperatures. The
plot of these data gives a “phantom” heat-
Inactivation curve,”which 1S not fixed in
sPace but can be defined by selecting a
starting and a final concentrdtion. Such a
kinetic”study was made on the inactivation
of sweet-corn peroxidase in the temperature
range of 150-290°F for this report. Al-
though Farkas et al. (1956) used such an
approach at temperatures to 212°F, thIS_aR-
Pears to be the first rate study on hig
temperature inactivation of enzyres in vege-
ables.

EXPERIMENTAL

Materials. A 500-watt Precision Scientific Co.
constant-temperature bath was used to obtain
constant temperatures to +0.1°F. Two auxiliary
heating elements of 550 and 1000 watts activated
by a ma%netlc switch were added to the original
equipment.

For heating whole-kernel com in water, cylin-
drical wire cages approx 2 in. in diameter “and
3in. h|f;h were constructed of Bi-in. wire mesh.
Thermal death-time (TDT) cans, 208 x006, were

113
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used to heat whole-kernel com in the oil bath,
Each cage and can was attached to a handle about
18 in. long.

Unblanched whole-kernel Golden Cross sweet
corn of optimum maturity at about 72 percent
moisture content was used. The kernels were
mechanically removed using a medium cut (about
14-kernel length) and cleaned so t'ﬁ' cap and cob
tissue were absent. This corn, which had been
stored at —40°F in 30-Ib tins, was used for the
reater part of this study, The frozen kernels were
awed in a flat porcelain pan under a small fan
for 1 hr at room temperature. They were washed
several times with tap water and “drained before
use. Fresh corn, obtained from the local market,
was also used. The kernels were removed from
the cob with a knife and then treated as thawed
whole-kernel com.

Procedures for heating whole-kernel sweet corn.

Depending upon the rocessmﬁ temperature, two
procedures were used to heat the corn. Over the
range of 170-200°F, approx 20-g samples of whole
sweet-corn kernels were immersed in a soft-water
bath at the proper temperature for 5-600 sec. The
wire containers were agitated during heating and
subsequent cooling in "an ice-water bath. ~ The
cooled samf)Ies were drained for 3 min, sealed in
“C" enameled 211 X400 cans, and stored 72 hr at
34°F before analysis for peroxidase. _

For treatment at 210-290°F, oyerlai)pl_ng all
temperatures used in canning, a mineral-oil bath
was used and the heating times ranged from 60 to
600 sec. Eleven grams whole-kernel corn was
sealed with 75 cc soft water in the thermal death-
time cans. These small cans were agitated during
the first 2 min of heatmg and while cooling in ice
water. The cans were then stored 72 hr at 34°F,
Finally, the samples were drained 3 min before
enzyme analysis. _

For temperatures from 210 to 245"F the inden-
tation in the can bottom was hammered flat. This
tended to reduce come-up time. Above these tem-
peratures the can was not flattened, since the
Internal pressure buckled the can somewhat, giving
the same result.

Heat penetration determinations. Heat penetra-

tion in whole-kernel corn held in the wire cages
was determined by impaling a kernel on a copper-
constantan thermocouple and following the temper-
ature rise with a portable potentiometer. '

A twelve-point mnea?olls-HoneyweII recording
potentiometer was used to study feat penetration
Into the TDT can. A bare-junction type of Eck-
lund thermocouple, attached to the TDT cans by
a special fitting, was sealed in the can and the
leads connected to all twelve points of the poten-
tiometer. Each point, therefore, recorded the in-
ternal temperature of the can.

HEAT INACTIVATION OF PEROXIDASE IN CORN

_Peroxidase assays. Both the orthophenylene-
diamine SQPDA) and ascorbic acid methods for
determination of peroxidase activity were used.
The OPDA analysis was that of Vetter et al.
él958b_), which had been specifically developed for
etermination of peroxidase in sweet corn with
minor modifications (Yamamoto, 1958% It is
based on the catalytic oxidation of OPDA by
hydro%en peroxide with a_colorimetric determina-
tion of reaction product. The enzyme activity was
expressed in terms of optical density units (ODU)
per gram of corn after' 5 min of reaction.

The ascorbic acid method of analysis was carried
out with the concentration of reagents recom-
mended by JosI(Yn ,{1956, 1957) and “according to
the procedure detailed bY’ Yamamoto (1958). It
is based on the enzymatic oxidation of ascorbic
acid by peroxide in the presence of 2,6-dichloro-
phenol” indophenol, After 2 min reaction time the
unoxidized ascorbic acid was determined by titra-
tion and the enzyme was calculated as mg ascorbic
acid oxidized per gram corn.

Determination of inactivation rate. At each in-
activation temperature, the residual enzyme activ-
ity remaining in the com, expressed as percent of
0r|gg|na| (or zero heating time) aCtIVI%, was
P’IO ted on a logarithmic scale against the ‘heating
ime. Two points were read on each straight-line
portion for calculation of the heat inactivation rate
as defined bg the “D” value, the time required to
inactivate 90% of the enzyme present (Esselen
and Pflug, 1954; Stumbo, 1949).

RESULTS AND DISCUSSION

The results are considered in two_sections
hased on processmg tem8eratures. The first
covers the range 150-200°F, while the other
IS concerned with enzyme inactivation at
210-290°F.

Inactivation at 150-200°F. Fig. 1 Elots
the results of the experiment at 191°F as
determined by OPDA,a,naI?/sm. This curve,
showing percent of original enzyme activity
rem,alnm%, on the logarthmic axis, after the
various Teating _times, was typical of all
those. obtained™ in this temperature range,
|dentical data were obtained with fresh and
frozen product,. thus valldatm? application
of the results with frozen corn to processing
of the fresh product. Also, when the ascorbic
acid method was used to determine residual
enzP/me.and the results were expressed and
plotted in the same way, an almost identical
curve (not shown) was obtained. This find-
ing, shown later (Fig. 3). serves as a check
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on the reliability of the procedures used and
the results obtained. ,
“Two resistances found. AS expresse_d in
Fig. 1, the heat inactivation curve consisted
of “an ‘initial steep straight line, an inter-
mediate curved Ioortlon, and a final straight
line with a shallow slope. The same type
of curve would be obtained if two micro-
o_r(_zanlsms with radically different heat re-
sistances were being destroyed at some lethal
temperature (Ball” and Qlson, 1956). It
was therefore concluded that two indepen-
dent first-order inactivation reactions were
taking place; the initial line represented in-
activation of heat-labile enzyme, and the
second, heat-resistant enzyme. The curved
portion may be considered a transition zone.
_There are several explanations for this
flndlnq._ The peroxidase .of sweet corn may
be multiple in"nature, with two enzymes or
enzyme groups having two different heat
stabilities and each beln%_ inactivated accord-
ing to a first-order reaction. Multiplicity of
peroxidase has been shown for horse-radish
(Jermyn, 1952). Another ﬁossmmty IS that
a protective mechanism such as formation, of
enzyme-substrate complex may be affecting
the “heat stability of a portion” of the single
enzklme. The initial rapid inactivation repre-
sents the disappearance of the unprotected
peroxidase.
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_ It would be of interest to know what por-
tion of the total peroxidase activity exists
in the heat-resistant form. This can"be esti-
mated by extrapolating the heat-resistant
curve to zero time. As may be seen in FI?. 1
thlts I,fvel was approximately 4% of the fotal
activity.

100g

O whole Kernel Corn

O rericarp

@ Endosrerm plus Germ

Percent of Original Activity
o

0.5 1 1 1 1 1
0 50 100 150 200 250

Heating Time in Seconds

Fig. 2. Inactivation 0‘ eroxida?e in. the pericar
and jn the en Oﬁper g S germ gEctlons as com-
pared to whole-Kernel corn at 17/1°F.

Location of enzyme. |t was noticed that
particles of Berlcarp were deeply colored
when the OPDA enzyme assay was em-
?Io_ed. This could be due to a high concen-
rafion of enzyme in the perlca(rf. herefore,
an experiment was conducted to establish
the location of the labile and resistant frac-
tions in whole-kernel corn. Twenty-gram
batches of whole-kernel corn were “heated
at 171°F for various periods. Ten grams
were analyzed as whole-kernel corn. “Each
kernel of the remaining 10 g was separated
into pericarp and endosperni-germ fractions
b6 squeezing; the average separation was
40% pericarp and 60% endosperm-germ.
The enzyme concentration of each fraction
was expressed as percent activity of raw
whole-kernel corn. o

The results are shown in Fig. 2. The
curves are only approximate because the



116 HEAT INACTIVATION OF PEROXIDASE IN CORN

heating times were widely spaced. The heat- line segment, and the results are plotted in
inactivation curves for the two fractions, Figs. 3 and 4 with D values on the logarith-
Perlcarp and endosperm-germ, were similar - mic scale. The excellent agreement ™ of D
0_that for whole-kernel com, showing an values as determined by the OPDA and

by a slow rate. . in both figures.
The percent activity values obtained for

pericarp and endosperm,-ﬁerm showed totals sof

in close agreement with those for whole

kernels. The_ enzyme content of the raw sof-
Perlcarp fraction dccounted for 54% of the
otal enzyme activity in raw_ whole-kernel
corn. Thie resistant fraction in raw whole-
kernel_corn as determined by extrapolation
was 5% of the total. The pericarp ac-
counted for most of this resistant_peroxidase
fraction, 3,5% of the total activity or 78%
of the resistance fraction, in wkiole-kernel
corn, This_gives a quantitative confirmation
of observations made by Joslyn (1949).
Effect 0f temperature. Since the inacti-
vation of peroxidase followed two first-order
reactions, each straight-line segment or heat
resistance should beconsidered separately in
studying the effect of temperature. .
Heat-Inactivation curves similar to FI?. 1

30}

D Values in Minutes

20

initial rapid enzyme inactivation followed ascorbic acid enzyme assays should be noted

were experimentally determined_ at fen- o .
degree intervals over the range 150-200°F. 10 170 180 1s0 200  zl0
A ™D” value was calculated for each straight- Both Temperature, °F
Fig. 4 Time for 90% ingctivation. of heat-resis-
60 tantgperom ase ¥ract|on°at 1%%8&

50

labile fraction. This p

40

a z value of

Seconds

30

D Values in

20 with an experimenta

short heatm? times.
A stra|?h
heat-resis

10 | 1 1 | {
150 160 170 180 190 200 210

experimental temi)erature.
. was 2.1, the z va
of heat-labile value at 200°F was 11 min.

Bath Temperature, °

perFoigidgfseTH?igtifoonr 9a?0/015|6%[6¥?:“0n

tended for relatively long Pﬁ”%%s
e

ue was 54°F, an

Fig, 3 shows the variation of D value
with “Inactivation temﬁerature for the heat-
. This phantom curve approxi-

mated a stra|8q7ht line, having a Qio of L
°F, and a D value at 200°

of 13 sec. There were several sources of
error in_this curve. The extremely rapid
inactivation necessitated the use of rate data
before the kernels reached bath temperature.
Another factor Is the Ipoor precision obtained
technique using such

line was also obtained for the
ant fraction (Fig. 4). E
mental errors due to heat” penetration lag
were non-existent since heating time ex-
at the
10 value
d the D

The practical significance of these findings

Experi-
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is that, at the temperatures normally used
for blanching, little peroxidase inacfivation
IS gained by increasing blanch times past
the point of rapid inactivation, i.e., where
the Inactivation curve chan%,es to a shallow
slope. This can be quantitatively. shown by
comparing the degree of inactivation accom-
plished by blanching times of 2 and 5 min.
After 2 min at 200°F, the residual enzyme
activity was only 3.3% of the original. " In-
creasing the heating time to 5 min would
leave residual activity of 1.7% of the total
original activity. Af the storage tempera-
tures normally ‘used for frozen whole-kernel
corn it is questionable whether a difference
In_storage ‘stability exists between 3.3 and
1.7% residual activity (Joslyn, 1949).

Inactivation at 210-290°F. |t was shown
earlier that peroxidase was, inactivated in
what appeared to he two first-order reac-
tions, The inactivation of the heat-labile
fraction was shown to be extremely rapid.
In temperatures used for thermal processing
of sweet corn the labile fraction Is of little
concern, and this portion of the study was
therefore confined to the heat-resistant en-
zyme fraction. o

Table 1 shows heat penetration into the

aor-

2.0

o
T

o
@
T

Optical Density Units per Gram
o o
> =)
T T

at 290°F

o
™
T

0.1 L 1 1 ul 1 L
(o] 100 200 300 400 500 600

in Seconds

roxidase at 210 an
o d?e in termaq

Heating Time
Fig. 5. Inactivation  of
590‘%,m wﬁoﬁe-iemel carn  sea
eath-time cans.
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_Table 1 Heat penetration into thermal death-

bamph Jﬁg@%ﬁﬁ Mﬁgﬁ%

220 b5*

245 10* 100
260 [ 100
278 10 100
300 10 90

“The indenﬁation was removed from the bottom
of the thermal death-time cans.

TDT cans as determined by the recording
potentiometer, It was shown earlier that the
resistant fraction of peroxidase was |ocated
Prlmarlly in the Perlcarp. Since this was
he case, it was felt that heat penetration
lag into the center of the kernel could be
neglected and_that only the heat penetration
lag into the TDT can need be considered.
enever possible, rate calculations were
based on data obtained after the internal
temperature of the can reached bath tem-
perature. At temperatures above 245°F, the
rapid inactivation necessitated the use of a
range of temperatures, including those dur-
mt{; the latter part of the come-up time. The
rate of inactivation was then expressed as
the rate at the average internal temperature.
This range never exceeded £2.5°F.

The rates of inactivation were determined
at 210, 225, 234, 245, 262, 275, and 290°F.
Fig. 5 shows inactivation-time curves for
210 and 290°F. Only the OPDA method of
en,zgme analysis was used, since the ascorbic
acid assay method gave essentially the same
results in the earlier study. ,

Data for inactivation of the heat-resistant
fraction in the temperature range studied
indicated it to be a first-order reaCtion, The
curves did not show the_initial rapid inacti-
vation, as with the earlier low-temperature
stud[y, because the activity of the heat-labile
fracfion was reduced to"a negligible level
during the, come-up_time.

Fig. 6 gives the D values calculated from
plots” of fhe data at each temperature. A
straight line. drawn_through " the points
showed a Qi0 of 19 a1 value of 65°F,
and a D value at 290°F of 0.75 min. Once
this 90% inactivation line has been experi-
mentally established a phantom curve for
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anY_other degree of inactivation is easily
obtained. ThiS was done by drawing g line
parallel to the first and displaced vertically
on the time axis. Thus the 99% or 2D line
was placed at two times the heating time for
ID at any given temperature. For illustra-
tion, phantom lines for 0.SD, 2D, and 3D
were drawn in Fig. 6.

100 \

50

o

Required

o

Heating Time in Minutes

°
)

(317%)
\\..r PA 3679
0.l ! ] { \l 1
200 220 240 260 280 300

Temperature, *F

Fiq 6. Time for several D valu%s of inactivation
for the heat-rﬁswtat raction 0 Perom ase a?
Bom&arsgmto thermal death times for spores 0

The dotted line crossing the phantom
curves in_Fig. 6 is the TDT curve for the
thermophilic ™ spore-forming bacterium PA
3679, having an F2s0 value of 4.0 min_and
z value of "16.6°F (Townsend and Esty,
1938). This line, representative of those
used “to determine the minimum thermal
process time for canned vegetables, has a
markedly steeper slope than the enzyme
inactivafion curves. Fig. 6 shows that the
heat-resistant Peromdase enzyme is _over
99.9% inactivated if the product is sterilized
at 240°F, but onlg 90% Inactivated if barely
sterilized at 260°F. Indeed, Guyer and
Holmquist (1954) reported that it was often
found necessary 'to Increase hlph-tempera-
ture process times above calculated values
to prevent off-flavors from developing in

HEAT INACTIVATION OF PEROXIDASE IN CORN

whole-kernel corn during extended storage.
The relation between™ the slopes of he
Rhantpm inactivation-time curve and of the
neat inactivation-time curve is_theoretically
identical if a first-order reaction holds to
the point where the assay fails to detect
enzyme aCtIVItﬁ (Esselen dnd Pflug, 1954I).
The slope of the phantom curves was falr[y
consistent with that of the straight-line heat-
inactivation curve for whole-kernel corn
assayed |mmed|ateIY after heating as ob-
tained by Vetter et al. (1959). he?/ re-
Rorted az of 59°F, compared to 65°F found
ere. Of special nterest is the fact that the
curve obtained in this study showed no
inflection point, as did the hedt inactivation-
time curve for samples stored 72 hr at 75°F
to allow enzyme regeneration. A possible
explanation for this difference may be that
the storage temperature used in the present
case was 34°F instead of 75°F. Another
may be that a kinetic technique was used
here instead of the “end-point” method.
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Peroxidase Regeneration and Its Effect on Quality in
Frozen Peas and Thawed Peas

B. R.W.PINSENT

Unilever Research Laboratory, Cokoorth House, Sharnbrook, Bedford, England

(Manuscript received September 18, 1961)

SUMMARY

~ Peroxidase was regenerated in samples of peas that had been blanched
just sufficiently to destroy the original peroxidase activity. The re%eneratlon

occurred after'a few months in peas stored at —18° C, or within a

ew hours

in thawed peas held at room temperature. The maximum activity regenerated
was about 4% of the original activity. No regeneration occurred In peas given

substantially more heat treatment than was needed for inactivation.

eroxidase

regeneration during frozen storage, or after thawing, did not affect the quality

of peas.

Peas are blanched before freezing to in-
activate enzymes that would otherwise cata-
lyse reactions that produce off-flavors. The
normal commercial practice is to blanch for
60-90 seconds in water at 95-100°C. These
conditions for adequate,blanchmg are based
on a 8reat deal of Bubllshed evidence (Jos-

49, Lee 1958) and practical experi-
ence. ldowever, because of variations in
temperature and pea-water ratio in Handl-
ers, it is unwise o rely _entl_re(ljy on time of
blanching, and a biochemical index of blanch-
ing is often used. The enzymes responsible
for off-flavors are not yet identified, but the
inactivation of catalase or peroxidase is
generallg taken to |mpIY that peas have been
lanched sufficiently, although' these enzymes
are probably_not involved ‘in off-flavor de-
velopment. "The merits of catalase and per-
oxidase as an index of bIanchln% have been
discussed by Joslyn (1949) and Lee (1958).
Peroxidase” has Qreater heat stability than
catalase and is a Safer index. .

Some doubts as to the validity of using
peroxidase as a blanching index "have been
raised by reports that peroxidase is reﬁen-
erated in tissues after heat induction. These

lyn 1

reports have been reviewed by Joslyn
1949), Schwimmer (19443 and Leeson
1957).  Schwimmer (1944) found that

Pero_xida,se activity in blanched cabbage and
urnip tissues increased after holding for
a few hours at 6 or 25°C, but all his samples

had some residual peroxidase activity im-
med|atel¥ after blanching. Farkus et al.
(1956) Tound a slight reactivation in peas
at room te_m_Perature, gven in tissues show-
ing no activity immediately after blanching,
and Rosoff et al. (1949) found that heat-in-
activated cauliflower peroxidase reappeared
during subsequent stora%e at 0 or —18°C.
Reddi et al. E 950) found that apPIe peroxi-
dase was not regenerated after it had been
completely inactivated. Zoueil et al. (1959)
found that regeneration of peroxidase could
occur in green beans and turm?s_ stored at
22 or 3°C after heating just sufficiently for
inactivation, hut no regeneration occurred
after substantially moré heating had been
given. _ .
Although there is abundant evidence of
regeneration at temperatures of 0°C and
above, the only reliable evidence of regener-
ation at commercial storage temperatures
about —18°C) is the work of Rosoff et al.
1949) on inactivated cauliflower peroxi-
ases.. Dietrich et al. (1955) measured the
Beromdase aCtIVI'[¥ of peas immediately after
lanching, and after 6 and 12 months of
storage at —L8°C, and their results suggest
that Some reﬁeneratlon occurred, However,
they held the peas for 1)4 hr between
blanching and freezing and, as the authors
suggest, much of the apparent regeneration
may have occurred before the peas were
frozen. Their view is supported by the
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fact that considerable regeneration appears
to have occurred in only 3 weeks at —24°C.

The available evidence of the effect of
regenerated Beroxldase on the qual,ltY of
frozen vegetables is somewhat contradictory.
Wagenknecht et al. (1958) found that al-
thouqh peroxidase was regenerated in some
samples of peas after prolonged frozen stor-
age, there 'was_no off-flavor. When they
added horseradish peroxidase to_blanched
pea slurries, off-flavors develo%ed in storage
at —18°C. Zoueil et al. (1959) found that
added peroxidase produced off-flavors in
green bean purees. In the experiments de-
scribed by Dietrich et al. (1955), samples
of peas In which regeneration occurred ap-
pear to have had some off-flavors but, after
12 months of storage at —18°C, there was
no suI;nlflcant difference in flavor between
the 180-sec samples (over-blanched, no
Beromdase), 90-sec  sample (adequateby
lanched, regenerated peroxidase), and 50-
sec sample ?lnadequately blanched, residual
peroxidase). However,” since the samples
were delayed between blanching and freez-
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ing for a time “far in excess of that which
would be encountered under conditions of
good commercial practice,” some off-flavor
]gnay have developed before the peas were
rozen.

The object of the present work was to try
to obtain evidence o re?eneratlon of peroxi-
dase.in blanched peas stored at —18°C, and
to discover whether this affected the quality
of the peas. It was also of interest to study
the rate of peroxidase regeneration and ifS
effect on flavor in thawed peas held at room
temperature, since it is quite common prac-
tice, at least in EuroPe, or peas to be held
at room temperature for up to 24 hr between
purchase and cooking.

PEROXIDASE ASSAY METHODS

Qualitative assay. The method of Joslyn (1949)
was used.
uantitative assay. Two methods were used:
1) Bedford and “Joslyn method (1939). This
method proved to be unsuitable for measuring very
low peroxidase activity. _
2) Colorimetric guaiacol method, This method
was a modification of Ponting and Joslyn’s (1948)

Original extract

60°/o Original extract
40°/o Original extract
20°/o Original extract
10°/o Original extract
Original extract

J
I
I
™
Y
pay

10°/o

i
100

200

SECONDS

Fig. 1. Plot of optical density/time for various dilutions of pea extract.
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method. It was compared with the ascorbic acid
oxidation method (Joslyn 1957) and found to be
e%ually reliable and more convenient for this work.
The reagents used were: 0,2Af acetate buffer 8pH
5.58), 0.5% a_(aueous guaiacol solution, 0.051"
hydrogen peroxide, 2% sodium chloride. All solu-
tions prePared with glass distilled water. All tubes
and pipettes must be cleaned very carefully.

Extraction. Fifty g of geas were blended for
3 min in an Atomix with 200 ml ice-cold sodium
chloride solution plus a pinch of chalk. The extract
was filtered through raw cotton and muslin on
a filter pump. The filtrate was assayed immedi-
ately or stored at —18°C. The filtrate was diluted
as required.

Assay. All reagents were kept at 20°C in a
water bath. Five ml water and 2 ml acetate buffer
were pipetted into an Eel colorimeter tube. One
ml guaiacol solution, 1 ml Bea extract, and 1 ml
water were added. The tube was placed in the
Eel colorimeter and the meter was set at 0.
Another tube was made up with the same mixture
of reactants but omitting the last 1 ml water. One
ml izjydrogen peroxide " solution was added and
mixed, a Stopwatch was started and the tube was
placed in the colorimeter. Readings were taken
at convenient intervals. Optical density was plot-
ted against time, and_ the slope of the line was
measured after the initial lag period.

Fig. 1 shows plots for runs on several dilutions
of an extract from peas. EX.CG.FI at the highest
concentrations there was an initial lag period of
40-100 sec, but after this a linear plot was ob-
tained for 60-300 sec. _F|F. 2 shows _the slopes
plotted against the original activity. The rate of
reaction was proportional to the enzyme concen-
tration over a wide range of actlv!tK: The slopes
could be determined accurately within the range
0.01-0.05 but above 0.05 they were too steep and
it was advisable to dilute the more active extracts.

The method was calibrated against the Bedford
and Joslyn method so that the results could be
expressed in Willstatter purpurogallin units (PE
units) per g of peas. One unit of slope (change in
optical density/sec) was equivalent to 0.92x10 s
PE units. The method was convenient and reliable
even at very low enzyme activities. It was not
affected by ascorbic acid, or inhibited by hydrogen
peroxide.

Taste-panel assessment. The quality of the
samples was assessed by a taste-panel at intervals
of a few months, up to 27 months. No single con-
trol could be used for all these tests, so the
samples were scored without reference to a control,
by a panel of trained tasters. The samples were
scored on a numerical scale of 0-10, from inedible

PEROXIDASE REGENERATION IN PEAS

Tahle 1 Peroxidase activity and flavor of
storeg at —ES@(? y -
— Storage time (months)
Blancggtime TR P

Qualitative peroxidase assays
0 + 0+ o+ v+t
60 — + + +
90
120 - - - = = -
180 - - e
4 1A U 2

Quantitative peroxidase activity iPE units x 10°/g
peas) (values below 5 indicate no peroxidase
activity)

0 250 330 170 240
60 n 8 9
90 31 1 3
120 2 2 2
180 1

m 6 w U 2

Taste-panel flavor scores

0 0 - - -
60 55 49 47 50 - -
90 57 55 49 - 48 40
120 53 53 49 - -
180 52 45 44 -

to superlatively good. It is unusual for peas to
be marked above 7; 5-6 indicates an average
quality, and scores below 45 indicate a_definite
lack of quality. A difference of one unit is neces-
sary to denote a significant difference in quality.

EXPERIMENTAL AND RESULTS

Peroxidase regeneratlon during storage of ade-
uately blanched peas. Samplesfrom & batch of
ark “Skinned Perfection peas were blanched in

a rotary blancher for 60, 90, 120, or 180 sec,

frozen immediately after blanching, and stored at

—18°C. The blancher temperature was 98-100°C

and the pea-water ratio was 1:20. A sample of

unblanched peas was also frozen and stored.
Peroxidase was assayed at intervals of a few

months. Samples were ‘taken from the cold store,

thawed, and immediately extracted and assayed.

The taste-panel_assessed” flavor every few months.

Results are in Table 1 - _
Peroxidase was completely inactivated in all

samples immediately  after blanchm(i, and no

Peromdase was regenerated in any samples blanched
or 90 sec or longer. Some peroxidase activity

was detectable after 2 months in the 60-sec sample,

and quantitative assays after 4 months showed
that tnis sample had about 4% of the peroxidase
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activity of unblanched peas. The activity did not
increase on further storage. _

The taste-panel scores fqlve a general picture of
a gradual loss in quality o all the blanched samples
durmg frozen storage.” The decline in flavor score
was due to a loss of natural flavor rather than
to any off-flavor development. The 60-sec sample,
in which there was evidence of peroxidase regener-
ation, received about the same flavor scores as
the other samples. The unblanched sample was
inedible at 3 months of storage.

This series of experiments was repeated on an-
other batch of peas, blanched for 60, 90, and 120
sec. No peroxidase was detected in any sample
by qualitative tests immediately after blanching,
but when the peas were left at room temperature
after blanching, peroxidase was re?enerated in the
60jsec and 90-sec samples. Samples were frozen
immediately after blanching and stored at —18°C.
Peroxidase was assayed after S and 10 months of
storage, and the taste-panel assessed flavor, color,
and texture at intervals up to 17 months of storage.
Results are in Table 2 _ _
~The 60-sec sample showed slight peroxidase ac-
tivity after 5 months, and there were signs of very
slight activity in the 90-sec sample after 10 months

Tahle 2 Peroxidase activity aod quality of
storeg frozen peas Stored at —%"?? el

Bl?ﬁ%mg Storage time (months)
£ 2

S

Peroxidase activity
PE umtleO’gOper g peas”

S 8

920 4 6

120 3 3
Flavor 60 59 57 55 55 48
0 59 45 54 50 48
120 61 53 52 47 47
Texture 60 57 53 53 45 49
M 59 55 53 45 52
120 59 55 49 45 49
Color 60 70 61 58 60 54
M 66 62 55 61 50
20 63 62 52 60 53

—

*Values below S indicate no peroxidase activity.

decline in quality during storage, with no significant
differences among the threg samples.

Peroxidase regeneration in thawed peas at room
temperature. Regeneration of peroxidase at room
temperature was followed quantitatively with the

of storage. The taste-panel scores show a gradual modified Ponting and Joslyn method. A carton of
0081
Q.06
f} 00. 4+
3
g
210 410 6IO B!O gIOO

PERCENTAGE OF ORIGINAL EXTRACT

Fig. 2. Peroxidase activity of various dilutions of pea extract.
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frozen peas (90-sec blanch) was taken from cold
storage. The contents were placed in a flask which
was stoppered with a raw cotton plug, and samples
from the flask were assayed at intervals of a few
hours. The time at which off-odors were first
detqutedgln the peas was noted. The results are
InFg. o L .

The Peromdase activity increased rapidly for
the first few hours and ‘reached a maximum at
30 hr, at which time the off-odor first became
noticeable. The aCtIVIt?]/ then decreased for a
few hours and at 45 hr it reached a constant
value of about 75% of maximum actlvn%. Ex-
tracts of peas, obtained immediately after thawing,
also increased in peroxidase activity on standing
atlroom temperature, but less than the peas them-
selves.

The possible effect of this regeneration on quality
was tested. A taste-panel Ccompared a sample
cooked 1 hr after removal from cold storage, with
a sample cooked 18 hr after removal from cold
storage. The peroxidase activity of these samples
was also measured. The results are in Table 3
Although the 18-hr samﬁle contained three times
as much peroxidase as the 1-hr sample, the taste
panel could not detect any difference in quality.

It was thought that regeneration of peroxidase

004r
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PEROXIDASE ACTIVITY (change in optical density/sec?
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PEROXIDASE REGENERATION IN PEAS

thJ&Eéﬁ pe%s Peroxidase activity and quality of

H g?EW? Taste-panel score
Sample Ogﬁ Flavor  Texture  Color
i i 6 56 57 6l
2 8 18 58 61 6.1

at room temperature might be due to bacterial
contamination.  To investigate this possibility,
blanched samples were soaked 20 min in solutions
of mercuric chloride (1%) or stretptomycm/ﬁenl-
cillin ﬂloo g of each/ml) and left overnight at
room temperature. This treatment should™ have
destroyed any bacteria present, but these samples
develtaped peroxidase activity as rapidly as un-
treated samples. To determine whether peroxidase
was re?enerated throu?hout the peas or only on
the surface, sa_mﬁles of frozen peas were thawed
and held overnignt at room temperature. The peas
were washed in” 2N sodium chloride solution, and
peroxidase was assayed in the peas and the wash-
mgs. The washings contained only 5% of the
tofal activity, and therefore the peroxidase was
not being formed only on the surface of the peas.

20

40 60 80
HOURS

Fig. 3. Peroxidase regeneration in thawed peas held at room temperature.
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These results make it improbable that peroxidase
is formed by bacterial activity.

Storage properties of inadequately blanched peas.
Samples from a batch of Kelvedon Wonder peas
were pan-blanched for 45 60, 75, and 90 sec,
frozen' immediately after blanching, and stored at
—18°C. The blancher temperature was 98-100°C
and the pea-water ratio was 1:20. Peroxidase was
assayed qualitatively immediately after blanchmg,
and the taste-panel assessed flavor at 4, 6, and 10J2
months of storage. In an additional test at 1014
months the tasters were asked to ignore the natural
flavors, and to state whether the samples had any
off-flavor. Results are summarized in Table 4.

Table 4. Quality of peas stored at —18°C.

Havor soores at;
Blanching Per 'ﬁase 4 6 to:/. Ofgﬁl o
bidfiching months mbnths
45 + 51 45 36 +
60 - 56 55 51 -
15 - 5T 52 49
90 - 58 55 53

_ The 45-sec sample showed Feroxidase activity
|mmed|atel(¥ after ‘blanching. It deteriorated far
more rapidly than the other samples, and had a
marked off-flavor after 1014 months of storage.
Although peas keep satisfactorily despite peroxi-
dase regeneration during storage, peas which have
residual Feromdase immediately after blanching-
may develop off-flavors.

DISCUSSION

. These results show that some peroxidase
is regenerated in_blanched peas during stor-
age at —18°C.. Earlier workers had ‘shown
that reqeneratlon occurred  in peas above
0°C, but there was no previous evidence of
regeneration at —18°C. In this respect pea
peroxidase hehaves similarly to cauliflower
peroxidase. Peroxidase regeneration occur-
red only in peas that had a heat treatment
just sufficient to inactivate the enzyme. No
regeneration occurred in peas given sub-
stantially more heat treatment “than was
needed “for inactivation. The regenerated
activity was never greater than 4% of the
orlgzmal_ activity. Pefoxidase was also regen-
erated in thawed peas after hoIdlngz at room
temperature for a few hours, and the maxi-
mum regenerated activity was also about
4% of the original activity.
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_ The extent of peroxidase reﬁeneratlon IS
In reasonable a([;reement with the 7% found
bY Dietrich et al. f,1955? in samples (90-sec)
blanched just sufficiently for complete inac-
tivation. The regeneration in their samples
almost certainly occurred between blanching
and freezing and thus it appears that the
same amount of peroxidase is regenerated
whether the re(%eneratlon occurs  hefore,
during, or after storage at —18°C.
Regenerated peroxidase did not affect the
quality of the peas. All ad_equatelY blanched
samples showed a decline in quality on stor-
alge, but this was due to loss of natural
flavor, and not to the development of off-
flavor. Samples lost quality at the same
rate whether or not they contained regener-
ated peroxidase. Peas that had not been
blanched sufficiently, and contained residual
peroxidase immediately after blanching, de-
veloped off-flavors and deteriorated “more
rapidly than adequately blanched peas.
_In 0ur experiments, 60-sec blanching was
bu,st sufficient to inactivate all the peroxidase.
ietrich et al, 19556 found residual per-
oxidase even after 70-sec blanching, even
though they used the Masure and Campbell
(1944) qualitative assay, which is less sensi-
tive than Joslyn’s (1949% assay. This differ-
ence is due ‘most probablﬁl, to the lower
blanching temperature and Nigher pea-water
ratio used by Dietrich et al."(1955). This
illustrates the danger of assuming a “safe”
blanching time, and underlines thé necessity
for a “biochemical index of adequate
blanching.
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SUMMARY
Ascorbic acid oxidation was studied in relation to the natural copper level

and to lipid peroxidation in milks produced b
hly significant { .
copper for both alfalfa and pasture milks. The

pasture. Correlations were hi
acid oxidation rate and natura

P

cows_ receiving alfalfa hay or
r=0,79* **) between ascorbic

correlation between lipid peroxidation (by the TBA test) and ascorbic acid

oxidation rate was very highl
nonsignificant in pasture milks.

Some postulated mechanisms for the action of co
oxidized flavor were studied. The resu ,
he role of the ascorbic acid radical, or of hydrogen peroxide,

in producin
_thegries_ of %

in the initiation of oxidized flavor.

K significant "(r = 0.87* **) In alfalfa milks but
S

Pper and ascorbic acid
ts do not support the

The kinetics of ascorbic acid oxidation by light, hydrogen peroxide, and
ascorbic acid oxidase were examined. Zero-order kinetics was found for light,

and first-order for the other agents.

_ Milk and some other dairy foods are sub-
ject o oxidative ranmdltx, commonly called
oxidized, flavor. Comprehensive reviews on
this subject have been published by Strobel
etal (L 53? and Riel and Sommer (1954?.
It is generally accepted that the flavor results
fromoxidation_ of unsaturated fatty acids in
the &hosphollplds (Swanson and. Sommer,
1940), and that copper and ascorbic acid are
important _prooxidants  (Krukovsky and
Guthrie, 1945; Smith and Dunkley, “1961).
Several investigators have reported a posi-
tive correlation”between the rate of ascorhic
acid oxidation and oxidized flavor develop-
ment (Riel and Sommer, 1954). _K_mg
f(11958)" however, believed that “oxidize
avor did_not necessarily occur at interme-
diate or higher rates of ascorbic acid oxida-

tion.

~The behavior of the ascorbic acid in rela-
tion to oxidized flavor is anomalous. At con-
centrations above those in normal milk, as-
corbic acid acts as an antioxidant (Riel and
Sommer, 1954), but at lower concentrations
it is a prooxidant, Oxidized flavor can be
prevented by rapid destruction of ascorhic
acid (Krukovsky and Guthrie, 1945).

aPresent address : Hawkesbury Agricultural Col-
lege, Richmond, N.S.W.. Australia.
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A mechanism for oxidized flavor devel-
opment involving hoth ascorbic acid and
hydrogen peroxide was proposed by Brown
and QOlson (1942). They postulated that
ascorhic acid reduces cupric. copper to cy-
Brous, the cuprous ion Js oxidized to cupric
y molecular oxygen with the production of
hgdroge,n peroxide, and the hydrogen perox-
E) e oxidizes the lipids in the fat globule mem-
rane.

Krukovsky and Guthrie (1946). suggested
that oxidation of ascorbic_ acid"is coupled
to_the lipid oxidation reactions when a cer-
tain equilibrium has been established pe-
tween ascorbic and dehydroascorbic acids.
In their experiments they Frevented the de-
velopment “of oxidized " flavor by addin
h*droge_n peroxide to destroy ascorbic acid.
The action of h)(,drogen peroxide depended
on the concentration added, and under care-
fully controlled conditions it induced oxi-
dized flavor in some samples. An enzyme,
later shown to be peroxidase (Krukovsky,
1949), promoted the destruction of ascorbic
acid on addition of hydrogen Beromdle.

Other explanations have heen given for
the prooxidant role of ascorbic acid in oxi-
dized flavor.. Greenbank (1940) considered
that Ei, poising is important in determining
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whether oxidized flavor develops, and that
the effect of ascorbic acid is dependent on
its poising action. The ascorbic_ acid radical
has been postulated as a peroxidation initi-
ator—in milk b){ ng 58), and in other
materials bf/ Kelly and Watts (19572. Smith
and Dunkley (1961) considered that the
prooxidant Propertles of ascorbic acid are
attributable to two pro?ertles—the ability to
reduce cupric copper to the cuprous form,
and a specific association hetween ascorbic
acid and copper that in some unexplained
manner increases prooxidant activity.

An investigation was made to clarify un-
derstanding of the relation of ascorhic acid
oxidation fo lipid oxidation in milk.

METHODS AND MATERIALS

Milk. Unless otherwise specified, the milks used
were individual milks from cows maintained on a
ration of alfalfa hay and concentrate mixture
(barley and milo grain, wheat-mixed feeds, and
molasses beet pulp?. In some instances, samples
were obtained from cows receiving irrigated le-
?.ume-grass pasture. The milk was protected from
ight, and precautions to avoid metal contamination
were taken according to the method of Smith and
Dunkley (1961). .

Heat treatment of milk. All samples, excegt
those used for Figs. S, 6, and 7, were heated 20
min, at 60°C in pint polrethylen,e bottles. The
heat treatment was used to inactivate lipase, to
retard bacterial spoilage, and in some cases to
convert dehydroascorbic acid to 2,3-diketogulonic
acid. The conversion of dehydroascorbic acid to
2,3-diketogulonic acid was ne_cessa(rjy to prevent
re-formation of reduced ascorhic acid. _

Oxidation of ascorbic acid. Added crude ascorbic
acid oxidase, light, and hydrogen peroxide were
studied as promoters of ascorbic acid oxidation
in milk. Crude ascorbic acid oxidase was prepared
from cucumbers by the method of Stewart and
Sharp (1945). For the light treatment, 500 ml
of milk in a square quart glass milk bottle were
exposed with agitation, at a distance of K in. from
two 40-watt cool white fluorescent lamps. Hydro-
gen peroxide for the activation energy experiments
was added at the rate of 0.3 ml "(30% Merck
reagent) per liter of milk. In the other experi-
ments, 0.02-0.2 ml (30% Mallinckrodt AR) was
used per liter.

Ascorbic acid, «- and L-ascorbic acid (Eastman)
were used. _ . _

ATA 3-amino-l,24-triazole (twice recrrstalllzed
from absolute ethanol). A V)~*M solution was
made in the milk. This level inhibits peroxidase,

ASCORBIC ACID OXIDATION IN MILK

but not catalase, over the first two hours of reac-
tion (Castelfranco, 1960). ,

Catalase.  Lyophilized beef-liver catalase (N. B.
Collz was added at the rate of 5 mg per 200 ml
milk.

Organoleptic scoring. Flavor evaluations were
made by at least two competent judges. The re-
sults of organoleptic examinations are expressed
as_average flavor scores indicating intensity of
oxidized flavor: 0, none; 1, questionable to "very
slight; 2, slight but consistently detectable; 3, dis-
tinct or strong; 4, very strong.

Thiobarbituric acid STBA% test. The Dunkley
and Jennings method ( 9513. was used. To over-
come the problem of cloudiness in the cuvettes,
the extracted chromophore was filtered (What-
man No. 12 fluted) before absorbancy was meas-
ured in the Beckman spectrophotometer. Results
are expressed as the increase in absorbancy over
that for the fresh milk.

Ascorbic acid. The method of Sharp (1938)
was used except that the d}/e solution ‘was pre-
pared by dissolving 0.135 g of sodium 2,6-dichloro-
Fhenolmdo henol %Eastman) in hot water and di-
uting to I liter. _

Statistical analyses were by conventional methods
(Snedecar, 1956)y.

RESULTS AND DISCUSSION

. Copper-catalyzed ascorbic acid oxidation.
Fig. 1 gives representative results illustrat-
mlg the rate_of ascorhic acid oxidation in
alfalfa-fed milks. In samples with the slow-
est initial rates, there were usually two

100

ASCORBIC ACID—IU.M

o
=]

25

0

0 25 50 75 100 125
TIME — HOURS

Fig. 1 Representative rates of oxidation of
ascorbic acid at 3-4°C in_milks from individual
cows. Figures on curves indicate natural xoplper
content (jug/g). Solid circles indicate early lac-
tation (6 weeks or less).
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Fig. 2. Relation between rate of ascorbic acid
oxidation (3-4°C) and natural copﬁer content of
milks from individual cows on either an alfalfa
ration (circles) or on pasture (triangles). Solid
Fom)ts represent early-lactation milks %6 weeks or
£ss).

zero-order rates—a slow initial rate and a
faster second rate, with a sharp break be-
tween. This phenomenon was also noted in
Easture-fed,mnks. The time required for
he change in oxidation rate was significantly
correlated (r = —0.44*) with the naturdl
copper content of milk.” The change in rate
may be due to disappearance of an anti-
oxidant that is preferentially oxidized before
the ascorbic acid, Holmes "(1952) observed
a small decrease in ascorbic acid loss durmP
the storage of milk with added tocopherol.
The différence in rate was much smaller
however, than illustrated for the individual
milks in El[q. 1 ,

Fig. 2 illustrates the relation between the
rate ‘of ascorbic acid oxidation and natural
copper content of milk from cows on alfalfa
ration and cows on Bastur,e. For the samples
in which the ascorbic acid oxidation curve
showed a break, the faster gseco_nd)_ Tate
was plotted. There was a highly significant
correlation _((jr = 0.79***) betwegn the faster
ascorbic acid oxidation rate and the natural
copper content of the milks, but low correla-
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tion (r=10.18) between 16 slow (first)
rates and natural copper. No. differences
were related to the rations. If milk produced
by ?asture feeding contained more antioxi-
dants than milk produced on the alfalfa hay
ration, the difference did not influence the
rate of ascorbic acid oxidation,

The kinetics illustrated in Figs. 1 and 2
are not consistent with those of related sys-
tems described by others. Ascorbic acid oxi-
dation in milk showed zero-order depend-
ency on ascorhic acid, and the rate was
directly proportional to the copper content.
For aScorbic acid oxidation in buttermilk,
Allan (1950) showed first-order dependency
on ascorhic ‘acid and direct proportionality
to copper content, Timperlake (1960) found
that ‘ascorbic acid oxidation in a pH 2.9
model system was first-order, and that the
rate was proportional to the square root of
the copper concentration. Since ascorbic
acid has been shown to exist in bound form

LOG K°

Lyl | | | |
33 34 35 36 37

Lyio-4
TXI10

Fig. 3. Arrhenius plots showing effect of tem-
perature on rate of oxidation of ascorbic acid
catalyzed by natural and added copper for two
cows (nos.” 12 and 14). O—O normal milk;
« —« uttermilk added "(to increase natural C'OE-
per) ; 1 —0 005 fig/iy copper added to milk;
A—A 0.10 iig/g coner, added to milk. Figures
on curves indicate activation energies (kcal/mole).
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Fig. 4. Relation between TBA absorbancy in-
crease and rate of ascorbic acid oxidation in milks
from individual cows on an alfalfa ration (circles)
or on pasture (triangles). Solid points represent
early-lactation milks (6 weeks or less).

(Greenberg, 1957), the difference in reac-
tion order” bety
milk or the Timberlake model may be due
to exclusion of ascorbic acid from the rate-
determining step by steric hindrance.

Natural and added copper were compared
with resPeqt to the influence of temperature
on catalysis of ascorbic acid oxidation.
Chloroform was added to_the milk to inhibit
bacterial spoilage at the higher temperatures.
FI?. 3 shows the results for two milks. The
acfivation energy was lower in samples con-
taining added Copper than in samples con-
taining only natural copper. Natural copper
was increased by adding buttermilk prepared
from the same milk; this increased the acti-
vation energy.

The difference in activation energ(}/, for
natural and added copper indicates a differ-
ence in chemical binding. Allan (1950),
working with buttermilk ‘and_butter ‘serum,
also reported a lower activation energy for
added copper than for natural copper. He
concluded that the natural and added ,copBer
were associated with the same proteins put
were attached in a different manner. King
etal. (1959%, in fractionation studies of milk,
concluded that natural copper was preferen-
tially associated with the fat-globule mem-
brane, whereas added copper was largely

between milk and either butter-

distributed in prpﬁortlon_ to the composi-
tion of the skimmilk proteins. _
~Ascorbic_acid oxidation in relation to
lipid_ peroxidation. Fig. 4 illustrates the
relation between TBA “absorbancy increase
and ascorbic acid oxidation rate in’58 alfalfa-
fed and 28 pasture-fed milks. For the alfalfa-
fed milks, the correlation was verr highly
significant _ (r = 0.87***) when the two
early-lactation results were excluded. For
the pasture-fed milks there was no significant
correlation.  As indicated by the low TBA-
absorbancy increases, the pasture milks were
more resistant to oxidized flavor than the
alfalfa milks. Despite the high correlation
between rate of ascorbic acid oxidation and
TBA absorbancy increase. in alfalfa milks,
It is not the aScorbic acid oxidation rate
that determines the rate of lipid oxidation.

_ Kinetics of ascorbic acid oxidation by
light, hydrogen peroxide, and ascorbic acid
oXidase. F!g. b shows representative ascor-
bic acid oxidation plots. Zero-order kinetics
was obtained for _|I3ht catalysis, but first-
order kinetics applied for hydrogen peroxide
and ascorbic acid oxidase. “For the reaction
catalyzed by ascorbic acid oxidase, the in-
crease in rate after about 60 min may have
resulted from activation by proteins, calcium,
or both FFrleden and Maggiolo, 1957), even
though the enzyme may be undergoing reac-
tion “inactivation over a Erolonged period
(Dawson and Magee, 1955). The catalytic
activity of the enzyme waS much greater

\O
|50—\ \\

1
=]
=]

g

R Hydrogen

\feroxide

A N\
\ A:&mbm N AN

‘( Oxidase °\ ~

ASCORBIG ACID-gM
ASCORBIC ACID-pM — —

I \ | | 1

100

“Fig. 5. Oxidation of ascorbic acid at 25°C by
light, hydrogen peroxide, and ascorhic acid oxidase.
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Fig. 6. Effect of temperature on rate of ascorbic

acid oxidation catalyzed by light, hydrogen perox-

ide, and ascorbic ‘acid oxidase. Data for two

milks. 1

than would have been obtained by adding
to milk an amount of copper corresponding
to that added as part of the enzyme prepara-
tion_ (less than 0.001 /xg per ?).

Fig. 6 shows the effect of temperature on
the oxidation of ascorbic acid in two milks.
The respective activation energies for light,

ydrogen peroxide, and ascorbic acid oOxi-
dase Catalysis were 9.8, 11.2, and 9.0 kcal
per mole. "At a temperature above the opti-
mum_(25°C) for ascorbic acid oxidase, the
reaction. rate decreased with time. ,

Relation of hydrogen peroxide to ascorbic
acid. oxidation” and lipid peroxidation.
Variations have been noted (Krukovsky and
Guthrie, 1946) in the action of hydrogen
peroxide in the rapid destruction of ascorbic
acid. When the concentration of hydrogen
Peromde was increased from 176 X 10~4M
0.L76 X M (0.02 to 0.2 rnl/L), ascorbic
acid oxidation was inhibited (Fig. 7). A
logical explanation is an inactivafion of an
enzyme involved in_ hydrogen peroxide
breakdown _of ascorhic acid. ~ The specific
peroxidase inhibitor ATA substantially pre-

AND W. L. DUNKLEY
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vented ascorbic acid oxidation by hydrogen
Eeromde, indicating that peroxidase catalyzes
he oxidation. This confirms the results of
Krukovsky’s (1949) experiments in which
hydrogen ~peroxide” oxidation of ascorhic
acid was prevented by heat treatment, and
ascorbic acid oxidation was rapid on addi-
tion of horse-radish Eeromdase. Lactoperox-
idase is inactivated by the heat treatment,
Olson and Brown ,(1942% postulated that
the reactant that initiates the attack on the
lipid_in the development of oxidized flavor
in milk is hydrogen peroxide formed by cop-
er-catalyzed oxidation of ascorbic” acid.
able 1gives representative results of ex-
periments designed to test this hypothesis.
The addition of catalase did not slow as-
corbic acid oxidation or lipid peroxidation.
If hydrogen peroxide formed during oxida-
tion "of ascorbic acid is necessary to i)romote
lipid oxidation, the catalase ‘Should have
Erevented lipid" peroxidation by destroying
he hydrogen peroxide.
_Very low levels of added hydrogen perox-
ide (1,76 X 10-4M) had variable "effects on

125
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_Fig. 7. Effect of hyd,ro%en peroxide concentra-
tion "and peroxidase inhibitor on_the oxidation of
ascorbic acid at 0°C.. 1 —1 1.76X10W/ hydro-
gen peroxide; 0—0 353 X 10Wi hydrogen perox-
ide; A—A 706X 10WT7 hydrogen peroxide;
X—X 176 X 10W f hydro%en peroxide; 1 —1 .
« —¢ 35 above, but with 10W/ ATA.

0
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Ta
at 3-4°
Tk
Sample (K ,u(nw hrogs
i
+ catalase 93
+ Hz0a8 0b
AA destroyed ¢ 0
AA destroyed o+ H2a 0
18 53
+ catalase 56
+ HD2 22
AA destroyedc 0
AA destroyed c+ HD 2 0

ASCORBIC ACID OXIDATION IN MILK

le 1. The effect of hydrogen peroxide on ascorbic acid and lipid oxidation in milk

TBA ingrease Flavor
(abso%a%%%ﬁﬁ 10s) a5t gys
120 4
13 4
3 0
-2 0
40 0
5 0
16 0
26 2
3 0
8 0

bk
bIne ‘ascor (C acid was ll oxidized within 10 hr. .
ch}e ascoer amg was aestroyeé gy ascorbic acid oxidase and heat treatments.

the rate of ascorbic acid oxidation. Some
ascorbic acid remained after four days in
some samples (e.g., no. 18), but noné was
present in others geg no. 17). Appar-
ently, part of the hydrogen peroxide was
used. in oxidizing com,?ounds other than as-
corbic acid in some milks, because there was
residual ascorbic acid even though two moles
of hydrogen peroxide were added per mole
of aScorbic acid. Lipid ﬁerOX_Ida'[IOH oceur-
redd in the samples with residual ascorbic
acid.
. There was an increase in TBA absorbancy
in one sample éno. 172 to which hydrogen
peroxide was added after destruction of as-
corbic acid by ascorbic acid oxidase. Oxi-
dized flavor was not detected in any samples
suty_ected to this treatment. ~ °~
Ig. 8 compares ascorbic acid oxidation
curves for four untreated milks (controls)
with samples in which ascorbic acid _was
destroyed” by hydrogen peroxide (1.76 X
10AM>§ and” to ‘which L-ascorbic acid was
re-added.. Two of the milks changed their
susceptibility classification as a result of this
treatment. No. 14 changed from spontane-
ous to susceptible, and no. 4 from susceptible
to spontaneous, whereas nos. 10 and 11 were
spontaneous before and after the depletion-
addition treatment. The milks differed
markedly in the influence of the treatment
on the ascorbic acid oxidation curves. The
results. obtained, were, inadequate to. explain
the differences, which could have been

=
-3
T

ASCORBIC ACID-uM
o

Fig 8 Effect of depletion of ascorbic acid by
hydrogen peroxide (1.76X10"M) on subsequent
oxidation of re-added L-ascorbic acid at 3-4°C

in milks of 4 cows. Solid line, controls; broken
line, after depletion and addition.

caused by changes in antioxidant concentra-
tion, copper binding, or other variables.

Results of experiments such as these em-
phasize that studies. of the mechanism of
oxidized flavor in milk based on treatments
with hydro?hen peroxide could be misleading
because of the varied changes that hydrogen
peroxide may produce. However, they indi-
cate that hydrogen peroxide is_not the initi-
ator of lipid peroxidation in milk.

The following criticisms are made of
earlier evidence in support of the hypothesis
that hydrogen peroxide initiates lipid peroxi-
datiori in milk. Olson and Brown &942),
and Brown and Olson (1942I) added hydro-
gen peroxide at levels greatly in excess of
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those that might be produced by oxidation
of the ascorbic acid present in milk. From

2.9 x 10"3to0 2.9 x 10'V/kf hydrogen perox-

ide (0.01 to 0.1%, presumabI_Y of 1% solu-
tion) were added to washed milk. The ascor-
bic acid in milk (20 mg/L or could
not produce more than 114fiM of hydrogen
peroxide. Even at the high levels of hydro-
%en peroxide added to washed milk, no oxi-
ized flavor was produced unless co&per
(0.5 to 15 figlg) was also added. Further-
more, Olson and Brown (1942) produced
oxidized flavor in washed milk by adding
ascorbic acid without added coppér. Otto-
lenghi 81959) also showed that the continu-
ous addition” of hydrogen peroxide or the
presence of systems that generate h)(]drogen
peroxide, e.g., xanthine “oxidase, had "no
Ie,ff,edct on the peroxidation of mitochondrial
ipids.

pT,he ascorbic acid radical in lipid peroxi-
dation. It has been postulated that the
ascorbic acid radical Is the peroxidation
initiator in milk (King, 1958) and some
other materials (Kelly and Watts, 1957).
Yamazaki and Piette (1961) demonstrated
the presence of ascorbic acid radical when

on lipid peroxidation

Rate b of ascorbic

Sample (/i%'%beér)ﬂ%}%ifo ?)
17 Control 98
AA destroyed 0 0
L-AA re-added1 2408
D-AA re-added1 194
18 Control S3
AA destroyed 0
L-AA re-added 213°
D-AA re-added 156
19 Control 21
AA destroyed 0
L-AA re-added 142
D-AA re-added 83
20 Control 3
AA destroyed 0
L-AA re-added 17
D-AA re-added 82

glnitial rabes. T

e re%ctlon slowed with
IC aci

oxidase and

oxidation of ascorbic acid is cataIE/zed by
ascorbic acid oxidase, and found that the
concentration of the radical increased with
the concentration_of the enzyme. In the
experiment described below, ‘ascorbic acid
oxidase was used to study the role of ascor-
bic acid radical in lipid péroxidation in milk.
Ascorbic acid in four milks was destroyed
by ascorbic acid oxidase and heat treatment
and ¢- and L-ascorbic acid was added
(114fiM) to separate portions. The rate of
oxidation of the re-added ascorbic acid was
determined, as were changes in TBA ab-
sorbancy and flavor score.”™ It was assumed
that ascorbic acid radical concentration was
proportional to the rate of ascorbic acid
oxidation, and that, in the reaction below,
equilibrium was far to the right.

where R = reduced ascorbic acid, T = oxi-
dized ascorbic acid, and S = radical (or
semiquinone), ,

As shown in Table 2, the rate of ascorbic
acld oxidation_ catalyzed hy ascorbic acid
oxidase with either ré-added"1- or D-ascoric
acid was much greater than in the control

,abJe 2. E_fJec_t of (%scllqrggc acid radical concentration,3 produced by ascorbic acid oxidase,

T Ba% g %%TE&SE

Fslgélgr
(absorbancyy§( 103 at Jays
4

8

-2
108
114

0
3
14
28

o

-2

PMPOOO PPRPOO WOOO Bkeo

DO OO

Ime.
gat treatments.

aAssumed that r;dical concentration was proportional to rate of ascorbic acid oxidation.

e
e}\sd%i acid %on)pletely oxidized in two days.

i
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samples. Lipid oxidation and rate of ascor-
bic acid oxidation showed no consistent re-
lation such as would have been expected if
the ascorbic acid radical produced by ascor-
bic acid oxidase catalysis initiated the lipid
Peromdatlon., These fesults do not support
,h,e,hypothe,sm that the ascorbic acid radical
initiates lipid peroxidation in milk.
Furthermore, K|nB1(1958) inhibited lipid
Peromdaﬂon with EDTA (ethylenediamine-
etraacetic acid), but ascorbic dcid oxidation
was enhanced ‘under the same conditions.
Yamazaki et al. (19'61I) “have shown that
the ascorbic acid_radical is produced in the
presence of Cu-EDTA and Fe-EDTA.
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SUMMARY
~ Total lipids, lipid phosphorus, and total polyenes extracted from mullet
tissues with chloroform-methanol show a progressive decrease in oxidizing
mullet tissue. Thiobarbituric acid values from chloroform-methanol extracts

of oxidized tissues are approx 30

50% of those obtained from the unextracted

tissue. Much of the TBA-reactive material becomes concentrated in the inter-
facial fluff during the washing of such extracts. Chloroform alone extracts
only about 10% of the TBA-reéactive material.

Numerous observations in this laboratory
have established that lipid oxidation as
measured by the 2-thiobarbituric acid
(TBA) test"and organoleptic Panels was
very rapid in the cooked flesh of meat ani-
mals and fin fish. To demonstrate this_oxi-
dation it was necessary to apply the TBA
test to distillates of the whole tissue (Tar-
ladgis et al., 1960). Chlorgform extracts
of meats generally ‘showed little or no_in-
crease In "TBA numbers under conditions
where the TBA number of the whole tissue
increased 10-50-fold. 1t was hypothesized
that where such discrepancies occurred, the
lipid fractions mainly ‘involved in the oxi-
dation were phospholipids or proteolipids
not extracted with chloroform FYounathan
and Watts, 1960). )

Folcii et al, (1951, 1957) and Folcii and
Lees (1951) have described extraction pro-
cedures for the quantitative_removal of fotal
lipids from animal tissues. Their procedures,
involving the use of chloroform-methanol as
solvents, were demonstrated to remove
Phosphol_lé)lds and proteolipids, as. well as
riglyceriaes, from various fresh tissues of
land” animals. o

It has been demonstrated in this laboratory
that most of the oxidizable lipid from raw
fish tissue is removed by the Folch proce-
dure. However, prellmmarY observation
indicated that chloroform-methanol did not

aSupP_orted in part by a Igrant RG-6885, from
the National Institutes of Health, U. S. Public
Health Service.

remove all of the TBA-reactive material
from cooked, oxidizing fish tissue.

This qbservation led to the present, more
systematic, study of the lipids extracted
from a fin fish “during oxidation. It was
considered probable that peroxidation or
oxidative scission of fatty acid components
decreased lipid solubility in fat solvents.
This might be expected to show up as a
prog_re_sslve_decrease in |II[)Id extracted from
oxidizing tissues as well as in low TBA
numbers of “PId extracts, These predic-
tions were tested in the following experi-
mental work.

MATERIALS AND METHODS

Preparation of fish. Mullet (Mugﬂ cephalu_s?T
was used throughout this study. The fresh fis
were filleted, skinned, and trimmed at a local
market. The fillets for any one experiment were
ﬂqround in an electric food chopper and mixed
OEOU hly by hand to obtain a homogeneous
roduct.
p_The mullet has a fairly well defined lateral
line band of darker tissue. “In several experiments
this tissue was separated as,completeI%/ as, possible
in the raw fish with a knife, and the light and
dark meat were ground and cooked separately.
It has been established that the rate of lipid oxi-
dation differs greatly in cooked light and dark
tissue. The intensity” of the reaction”is greater in
dark tissue, where a large quantity of highly un-
saturated lipids and ferric_heme pigments, thought
to be catalysts for |I€Id oxidation, are located (Zip-
ser and Watts, 1961). o

In several experiments an antioxidant was used
on a portion of the fish tissue. This consisted of
0.5% sodium tripolyphosphate and 0.1% sodium



136 EXTRACTION OF LIPIDS FROM OXIDIZING MULLET

ascorbate. The antioxidants were mixed thoroughly
by hand into the raw ground fish.
~Cooking and stora%e. Approximately 175-_/9 por-
tions  of 3r0und fish were packed in 307x 113
C-enameled cans, which were sealed and placed in
a boiling water bath and cooked to an internal
temperature of 70°C. This required approximately
20 minutes. The cans were then cooled in a run-
ning-water bath, and opened, and the cooked fish
was removed, mixed thoroughly with a fork, and
stored in covered bowls ina ‘refrigerator.
_Lipid extraction. Three methods were used for
lipid" extraction. The method described by Folch
et al. (1951) involves homogenization of fish tis-
sue with a chloroform-methanol solution, filtration
to obtain a clear extract, and washing to remove
non-lipid contaminants, The last step is accom-
plished by Flpettmg suitable aliquots of the filtrate
Into a small beaker at the bottom of a large beaker
of distilled water. After standing overnight there
results an upper transgarent water-methanol phase
a lower chloroform phase, and an accumulation of
material at the interface, The water-methanol
phase is removed by suction, and the surface is
washed with distilled water. Next, the chloroform
Portlon is removed by pipette and saved for further
esting. The lower area Is washed with chloroform,
and the washings added to the chloroform ex-
tract. Flnallr, the fluffy material is quantltatwelr
transferred fo a volumetric flask with methanol.
It was discovered that the lipid components
could undergo further oxidation in the washing
process. This could be_effectively eliminated b{
carrying out the overnight Washmg in tall 1-
beakers  and using recently boiled and cooled
glass-distilled water for the separation. No Sig-
nificant differences were found in the amount of
fluff separated at 25 and 5°C. o
Folch et al. (1957) described a modification of
the original method in which 02 volume of a
water solution of various salts was added to the
extract, and two phases separated. This pre-
vented separation of proteolipids at the interface
and gave a clear solution of total lipids in the
chloroform phase. The salt solutions emplo§ed
wctl)ur experiments were 0.58% NaCl and 0.88%

Chloroform extracts, used for comparison with

Table 1 Lipid recovery from raw mullet tissues.
Lipid recovered I

Folch method (1951) Folch (1957)

Sample  Chloroform  Fluff ~ Total Total extract
Dark meat 600 05 65 665
Light meat 145 028 - 113 1H

"As % of fresh tissue.

the Folch extract in one experiment, were pre-
pared as described by Erdman et al. (195_4(2.

Polyenes. Total polyunsaturated fatty acids were
estimated by converting to the conjugated products
with an excess of lipoxidase according to the
method of MacGee (19_59?. The factor used by
MacGee to convert optical density of the conju-
gated fatty acids to percent polyenes in the tissue
was derived for vegetable fatty” acids, which may
differ from fish lipids in chain length. However,
in the absence of data on the mean molecular
weight of the fatty acids from mullet, the same
factor was used. The percentages obtained can be
considered only as approximations.

Lipid phosphorus. The micromethod of Chen
et al. (1956) was used for lphosphorus determina-
tions, employing a Kieldah micro apparatus for
the digestions. A 10:1:1 mixture of HNOs,
HZ£04 and HCIOi was used rather than adding
each acid |nd|V|du_aII_Y. _ _

TBA. The distillation method described by
Tarl_adgm et al. R1960) was used. When applied
to lipid extracts the solvents were first removed
at 65°C in a stream of nitrogen.

RESULTS

~Weight of lipid extracted. Preliminary extrac-
tions of the same samples of mullet tissue gave
similar results for the two i)ro_cedures described
by Folch. That is, the total lipids obtained by
preventing the formation of interfacial fluff were
apprOX|mateI¥ the same as the sum of the chloro-
form and fluff fractions (Table 1).

Table 2 shows the changes in total lipid and lipid
phosphorus obtained upon cookm? dark meat of
mullet and storing the cooked material in the re-
frigerator for 5 days. A 21% decrease in total

Table 2. Total lipids and lipid phosphorus in oxidizing dark meat.

Sample (J/Ootg* “Eéﬁ%)
Raw ((10 days) 82
Cooke

0days 1.64
3 days 6.85
5 days 6.52

Li(%}od BP ?&%ﬁ%S“S (mg mgl%ho‘/fUbe Srtissue)
0370
0387 32
0332 60
0315 %6
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Table 3. Polyenes extracted from oxidizing mullet.

Expt. 1—Dark meat

Sample a%g%f nan%r
Raw 0 16
Cooked (no antiox) 0 1
3 106
6 164
9
Cooked (antiox) 0 13
3 95
6 14
9

lipids and a 15% decrease in lipid phosphorus oc-
curred during the five days,of refrigerated storage.
As shown by the increase in TBA number, oxida-
tion was very rapid during this storage period.
Inanother similar experiment, the decrease in
total lipids was 13%, and in phosphorus 18%.

Table 3 shows loss of Jjolyenes during storaﬁe
of two samples of cooked mullet tissue. In the
first experiment, with dark meat only, the anti-
oxidant protected the sample only partially, but
the protection is reflected in higher retention of
polyenes. The fish used in the second experiment
on whole mullet was very low in fat, so the
changes in polyenes are somewhat less reliable.
However, a significant drop occurred in the poly-
enes of the unprotected sample. Oxidation was
completely inhibited by the antioxidant, with no
loss of polyenes. N _

TBA values of extracted lipids. A comparison
was made of the TBA values obtained on whole
mullet tissue and on total lipids (Folch et at,
1951) and chloroform extracts (Erdman et at,
1954) of the same tissue. The mullet tissue was
cooked and exposed in the refrigerator over a
12-day period with extractions at daily intervals.

The results are shown in Fig. 1 The very
low and irregular values obtained from the
chloroform extracts are particularly noteworthy.
The chloroform would not, of course, be expected
to extract phospholipids or proteolipids, but it is
doubtful that the very low TBA values are to be
interpreted as evidence that triglycerides are not
oxidizing. Again it seems more probable that a
large fraction of the oxidized triglyceride is not
extracted by chloroform. _

In this experiment the interfacial fluff was not
separated, and the lipid extract was not washed
further after standing overnight in contact with the
aqueous phase, so that the weight of dried material
obtained from the extracts ‘may be somewnhat
greater than the total amount of lipid. The weight

Expt. 2—Whole mullet

(%Pool?/ ?Ps%ﬁe) anEwgbAer (%P%I]y ﬁ@%ﬁe)
3.58 14 0.36
330 18 0.39
310 15 0.29
2.92 22 0.32

P 0.30

353 08 040
3.36 09 041
33l 04 0.40
04 042
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DAYS OF STORAGE

Flgl. 1 TBA values of refrigerated cooked
muscle tissue as compared to those of lipid extracts
from the same tissue. A) whole mullet; B) chlo-
roform-methanol extract; C) chloroform extract.

of dried material from the chloroform-methanol
extracts was 7.5% of the whole mullet tissue,
whereas the fraction extracted by chloroform
alone was 5.1%. If the observed TBA numbers
are calculated as mg. malonaldehyde per 1000 /g
lipid at this storage period, the Tespective TB
numbers obtained from the lipid in the unex-
tracted tisue, the chloroform-methanol extract, and
the chloroform extract are 470, 243, and 80.

A second experiment was designed to deter-
mine how much of the TBA-reactive material is
in the fluff. A chloroform-methanol extract was
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Table 4. TBA values of lipid fractions from cooked, whole mullet tissue.

w

Lipid fraction g/10

Folch extract _
Chloroform fraction
Interfacial fluff

Unextracted tissue

*Stored in the refrigerator for 10 d
sReSimed 1 e e ot

Brepared from cooked whole mullet tissue that had
een stored in the refrigerator for 10 days.
Washed interfacial fluff and chloroform fractions
were dried to determine the weight of I|ﬁ|d, and
similar extracts from_other portions of the same
tissue were used for TBA values. _
The results (Table 4) bring out several points
of interest. As in the previous experiment, the
TBA values from all of the lipid extracted with
chloroform-methanol E_sum of chloroform and
fluff fractions) are still much lower than the
values obtained on the unextracted tissue. The
TBA number of the fluff, calculated to the Welght
of dried material, is extremel h|?h, consideranly
higher than the maximum TBA values recorded in
this laboratory durln? the accelerated oxidation of
pure, unsaturated fafty acids catalyzed by heme
compounds or lipoxidase. It seems” probable that
TBA-reactive fatty acid fra_%ments tend to accu-
mulate at the interface, possibly bound to proteins.

DISCUSSION

The evidence demonstrates the pitfalls to
be expected when one, attempts to estimate
the extent of lipid oxidation in animal tis-
sues b¥ performing tests for the oxidation
Eroduc,s on lipid extracts from the tissue.

ven if the extraction procedure used is
known to remove substantially all of the
lipid material from fish tissue”in the cold,
and care is, exercised to prevent further oxi-
dation during the extraction itself, changes
in the. solubility of the oxidized hpld ma-
terial interfere drastically with its extraction
and estimation.  Extracts obtained with
nonpolar solvents such as chloroform or
carbon tetrachloride would aﬁ),pear to be of
very little use in studies of lipid oxidation
in_muscle tissue. o

The three tests used to follow lipid changes
(total lipids, lipid phosphorus, and polyengs)

h

4.54

Malonaldehyde after storage a

of
bee  JRURES AR
6.0 132
0.33 57 1900
487" 36 740

S .
e two af}l{:lCtIOnS above.

show losses of aRproximateI, the same ma?-
nitude. Although the oxidation undoubtedly
occurs mainly in the polyenes, their oxidd-
tion could afifect the solubility of the larger
triglyceride or phosphoITlpld moleculgs ™ of
which, they are a part. The fatty acids of
the triglycerides of fish tisues do not differ
greatly in deﬁree of unsaturation from those
of the phospholipids.
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SUMMARY

[n an attempt to determine the effect of ox%/gen and elevated temperature
on freeze-dried beef in a moisture-free atmosphere, two series of storage ex-
periments were conducted on freeze-dried beef slices. In one longissimus dorsi
muscle, and in the other semitendinosus, was packaged under commercially
feasible conditions where the residual gas contained 2.5 £ 0.5% oxygen and
no atmospheric moisture. An in-can desiccant, calcium oxide (CaQ), and an
oxygen scavenger, Oxyban (glucose oxidase), were added in some instances,

and the cans were stored up to 6 months at 100°F. .
In each series there was marked loss in extractability of actomgosm, and

in activity of actomyosin ATPase after 1 month, but only a 40

6 loss of

sarcoplasmic proteins. The residual aldolase activity decreased progressively

to 8% at 6 months, whereas the residual water-soluble

proteins decreased

progressively only to 56%. There was a marked difference between the two
series mEplercent rehydration at 6 months: 81.1 in one, and only 26 in the

second.
after 1 month at 100° F.

INTRODUCTION

The three main_environmental factors
affecting the stability of freeze-dried beef
are. moisture, _oxygen, and temPerature.
This investigation” was designed to study
the effect of storage at elevated temperd-
ture on freeze-dried beef in the presence of
small quantities of oxygen, such as would
be present in a commercial packaging oper-
ation, 1.e, about 2.5+0.5%. Uncooked
freeze-dried beef deteriorates rapidly when
left exposed to air at room temperature
éHarper and Tappel, 1957). It has been
emonstrated that, under these conditions
the rate of oxygen uptake b}/ the product
Is greater than"can be accounted for by the
amount of oxygen required to oxidize the
heme proteins "(myoglobin and hemoglobin),
the compounds usually considered™ to be
most suscePtlbIe to oxidation. Tappel (1956)
reports also that potentially " oxidizable

*DRML Report No. 232-8; PCC Project No.
DSO-78-03-01. Paper presented at the 215t annual
meeting of the Institute of Food Technologists,
May, 1961, New York.

ectrophoresis of the sarcoplasmic proteins showed gross denaturation

groups, such as sulfhydryl are not present
in sufficient amount to account for the total
uptake of oxygen. It has been suggested,
therefore, that there is direct oxygen up-
take by.the contractile protein, altfiough the
Bnecbhtamsm by which this would occur is in
oubt.

The_deleterious effect of moisture on ac-
ce[)_ta,blllty and on adenosine friphosphatase
activity has been demonstrated by Hunt and
Matheson (1959), but there are Tew reports
on the blochemlcal_char]?es_ resulting from
storage, We are primarily interested in as-
certaining whether two enzymes, each rep-
resentative of a different group of proteins,
were affected equally by Storage, and what
effect storage had on”the “Solubility” of
various components,

EXPERIMENTAL

In every instance the following, basic canning
Procedure was followed. Freeze-dried slices taken
rom the drying chamber (Smithies and BIakIe_{,
1959) were put immediately into cans along with
desiccant, calcium oxide (CaO), and an oxygen
scavenger, Oxyhan, where applicable, and the can
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was closed under 25 in. Hg with an “American
Can” closmgi machine. The cans were then punc-
tured and.ﬁac_ed in a chamber, re-evacuated, and
flushed with nitrogen. Since it was impossible to
estimate the amount of residual oxygen in cans
containing freeze-dried beef before storage, a grouR
of 2 dozen cans without inclusion was put throug
the above procedure. Residual ox5y en was meas-
ured by the method of Dale (19 7% modified for
apollcatlon to cans. The average value was
25 £ 0.5% residual atmospheric oxygen.

Two series of storage experiments were con-
ducted. In series A, using semitendinosus, an
attempt was made to compare the effect of calcium
oxide (Ca0) alone and of Oxyban + CaO with
that of nitrogen packmg only. Series B was con-
ducted on longissimus dorsi muscle, all cans con-
taining Ca0 and Oxyban. .

Water extract. An amount of freeze-dried beef
equivalent to 2.0 g wet weight was cut into ve.rK
small pieces and minced in a Virtis blender wit
15 ml of water. The entire mash was poured into
40-ml centnfu%e tubes and spun 15 min n a clinical
centrifuge at 1500 G. The supernatant liquid was
decanted, and the pellet re-extracted with 15 ml
water by macerating with a glass rod. The spin-
ning was repeated and the supernatant liquids
were combined. This was labeled “water extract.”

Sarcoplasmic proteins. Freeze-dried beef (1.0 g)
equivalent to 3, g wet weight, was cut into small
pieces and blended with 25 ml of phosphate buffer
solution of 0.15 ionic strength and pH 7.6 (Bosch,
1951). In all, 3 extractions (25 ml each) were
made in a manner similar to that described in
the preceding para%_raph, and the supernatant
liquids combined. This was then filtered through
Whatman No. 12 paper, and the filtrate was used
for analysis of sarcoplasmic proteins.
~ Fibrils. The fibril fraction was prepared accord-
ing to the method of Perry (1953).

Actomyosin. The freeze-dried eguw_alent of 35 ¢
fresh or frozen beef was extracted with Botasslum
chloride-sodium bicarbonate solution of 0.53 ionic
strength at PH 8.25 in_a manner previously de-
scribed (Cole and Smithies, 1960I). A suitable
portion, usually 20 ml for control samples and
40 ml for stored samples, was diluted with 100
or 200 ml of water, respectively, and allowed to
stand overnight. The mixture was then spun for
30 min at 1500 G, the supernatant liquid dis-
carded, and the pellet taken ug in 20 ml or 10 ml,
respectively, of buffer of 053 ionic strength. In
order to obtain an amount of extract from stored
samples sufficient for analysis it was necessary to
reduce the volume of buffer in the final solution.

Adenosine triphosphatase (ATPase) activity.
The final concentration of reactants was ATP,

PROTEIN CHANGES IN FREEZE-DRIED BEEF IN STORAGE

25 XI1OWIi (disodium salt, sqma& ; calcium chlo-
ride, 5X 10 3M; potassium chloride 10~M ; tris-
(hydroxymethyl aminomethane), 5 X 10-v ; muscle
extract, 0.2-0.3 mg N. _
The reaction was carried out at pH 8.2 in the
manner previously described (Cole and Smithies,
1960). Tubes were centrifuged and suitable ali-
quots taken for free phosphorus analysis, which
was determined by the classical Fiské and Sub-
barow method except that “Elon” (mono-methyl-
¢1-aminophenol sulfate) was used for color devel-
opment instead of aminonaphthol sulfonic acid.
2,4-Dinitrophenol.  Recrystallized 2 4-dinitro-
Ehenol (DNP) was dissolved in ethyl alcohol and
ept as a_stock solution of 4 X 10°M. The final
concentration of DNP in the incubation mixture
was 4 X [OWIi, o
Aldolase activity. Aldolase activity was deter-
mined by the procedure of Taylor ef al. (1948).
The effective concentration of ‘water extract that
8ave optimum activity was found to be between
0008 and 0.012 mg N under our conditions. There
appeared to be a shift in optimum between fresh,
frozen, and freeze-dried beef, and this shift was
assumed to indicate that, with processing, there
was a decrease in the ratio of effective enzyme
nitrogen to total nitrogen. In order to obtain”the
optimum activity in " instances where optimum
nitrogen concentration was in doubt, three levels
of extract nitrogen were used, and the one giving
the highest activity was accepted.
Rehydration ratio. Freeze-dried beef of known
weight (ca. 5 ¢) was immersed 5 min in water,
removed, dried on filter paper (% min each side),
and reweighed. The amount of water taken up
per gram dry weight is called the rehydration
ratio.  The value given in the tables as percent
rehydration is a comparison of the rehydration
ratios of stored and control samples, expressed as
a percentage of the latter. The rehydration of
stored freeze-dried beef is a time-dependent func-
tion that can be used as an index of deterioration.
In our experience, stored products can be made
to take up their original weight of water if soaked
for prolonged periods (30 min to 1 hr). The 5-min
rehydration time was arbitrarily chosen as one
that was long enough to enable control samples to
take up their original amount of water, and short
enough to give values that reflect changes in
stored products. _ .
_Electrophoresis.  Electrophoresis was carried out
in a Perkin-Elmer apparatus, model 38A. The
extract was dialyzed against an Na.iP20T-HCI
buffer, 1 = 013, pH 86, for 52 hours, and sub-
jected to electrophoresis at 4°C and 146 watts.
_Nltrogien was determined by the standard micro-
Ivjeldahl procedure.
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RESULTS AND DISCUSSION

The sarcoplasmic group of proteins con-
tain, in addition to ‘myoglobin and hemo-
globin, all the enzymes of the glycolysis and
citric acid cycles, most of these fractions
being present in the water extract. Aldolase
was chosen as representative of the enzymes
of glycalysis. It is realized that results ob-
tained for this, enzyme cannot be taken as
necessarily indicative of the behavior of the
other enzymes and protein fractions. Never-
theless, the intent was to compare one mem-
ber of the sarcoplasmic group, which appar-
ently withstands storage well gable 1),
with the ATPase of the contractile group,
which deteriorates rapidly during storage.

From a priori reasoning it was thought
that freeze-dried heef protected by Ca0
and Oxyban should deteriorate less ‘rapidly
than samples packaged with nltro?en only.
Consequently, In series A, done first, samples
protected by Ca0 and Oxyban were not
analyzed until after 3 months, whereas those
with' nitrogen onI?/ were analyzed at 1, 2, 3,
and 5 months. In series B all cans con-
tained Ca0 and Oxyban.

From_the results shown in Tables 1 and
2, solubility data demonstrate that the sarco-
plasmic proteins (including water extract-
ables) are much less adversely affected than
those of the contractile group. A total of
97.5% and_85%, respectively, of extractable
sarcoplasmic proteins was “recovered after
1 month of storage, whereas only 3% and
8% of the originally “soluble” contractile
proteins could. be extracted. A similar situ-
ation exists in the case of the residual
aldolase activity of the water extract and
the ATPase of the actomyosin extracts
(Table 3). Whereas 40.6% of the aldolase
activity remained after 1 month, ATPase
activity had fallen to 13% of the original
value “Iin this perigd. Further, there Is a
gradual reduction in aldolase activity from
40.6 to 8%, but the loss of ATPase activit
IS sudden and complete between 1 and
months. ,

When the sarcoplasmic extract from the
sample stored for 1 month was subjected
to electrophoresis, gross alteration of the
pattern was found when compared with the
control (Figs. 1and 2). It is very difficult
under these circumstances to maké a guan-

titative estimate (from the electrophoretic
Pattern) of the amount of destruction suf-
ered Dy the components. The interestin
feature ‘is that, despite these changes, 40%
of, 'tth% original aldolase activity was still
elicited.

The rehydration ratio done under these
conditions showed great variability between
the two series. Since there was strict control
of two of the three variables, viz, moisture
and temperature, it would anear that the
variability in rehydratlon ratio can be as-
cribed, at least in part, to, var|ab|l|tr in
residual oxygen concentration.  Further-
more, there “appears to be no relationship
between the ability of the ,Product to re-
hydrate and the extractability of the con-
tractile protein. -

Table 4 shows the ATPase activity of
myofibrils obtained from control and stored
samPIes. The loss in activity in 1 month
of storage is 50%, and a slow, erratic decline

Fig. 1 Electrophoretic pattern of 0.1SI POr
extract of stored freeze-dried beef dialyzed vs.
0131 Na#7-HCI pH 86. Voltage 162, current
9.0 milliamp.

Time descending <---- 5100 sec
(upper)
ascending - > 5160 sec
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Table 1. Analysis of freeze-dried beef stored at 100°F (Series A).

Sarcoplasmic
DR 6 (%0 rgg(e)vnesred LSRR ! ‘ﬁ% "
1 month N = nitrogen only 975 30 98.0
2 months N 88.1 2.3 60.2
N + Ca0 889 23 920
3 months N 8L6 54 85.2
Ca0 + Oxyhan + N 828 1.0 84.4
S months N only 66.5 2.45 52.0
6 months N + Ca0 60.2 28 86.2
CaO + Oxyban + N 67.0 23 811
Control
(after 8 months
at —20°F) N2 only 98.6 91.3 98.6
Table 2. Analysis of freeze-dried beef stored at 100°F (Series B) @
0.15 fi extract 53 fiextract
R RETET S Y
1 month 86.0 85.0 8.0
2 months 710 70.0 6.5
3 months 530 65.0 6.1
4 months 570 75.0 4.7
5 months 63.0 740 35
6 months 56.0 64.0 29
Control (~20°F) 6 months 100 100 100
*All cans contained CaO and Oxyban.
Table 3. Analysis of freeze-dried beef stored at 100°F (Series B) @
. Al % Actomyosin ATPase (8g P/min/mg N) :
c[)?us%tr'ggne reccj\?gr d No DNP % stimulation " r@h X]leﬂnon
1 month 40.6 7 25 932
2 months 238 66.2
3 months 259 314
4 months 162 133
5 months 150 287
6 months 8.0 26.2
Control (-20°F) 100 52" 30" 100

*AH cans contaln O and

These are L{”rtba as ueZ On storage for 6 months. at —20°F there is no signifi-
cant change In ATPase, ut no longer stifulates the reaction.
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in activity is observed during the remainder
of the storage period. This™ behavior is in
contrast with that of the a-ctomyosin ATPase.
This evidence indicates that there is prob-
ably a difference in the behavior of Ca++-
activated myofibrillar ATPase and actomyo-
sin ATPase, a circumstance that might e
expected in the |Iﬁht of previous  work
(Perry and Chappell, 1957%. Since it was
intended, in future work, to compare the
“In vacuo” storage characteristics at 100°F
of fibrils per sc, ATPase determinations
were carried out on fibrils prepared from
these stored products, and the values are
reported here, _ _
The data reported show that biochemical
damage to protein resulting from storag
deterioration can be measured. The con-
centration of residual atmospheric oxygen
consonant with good storage characteristic
is low and appéars to be critical at this
temperature, even in the absence of atmos-
pheric moisture. However, it has been our

Fig, 2. Electrophoretic pattern of 0151 POr
extract of freshly prepared freeze-dried dialyzed
vs. 0.131 NaiPoOr-HCI pH 86. Voltage 162, cur-
rent 9.0 milliamp.

9650 sec

Time ~descending <
er
(UP%sc)ending ------- » 9710 sec

_Table 4. Adenosine. triphosphatase activity of
f@n?s fém reeze-lgneé Ipbee%p stored atW%O@F
(Series 05

PRI

of storage Without DNP  -j-DNP 4X10-3M
1 month 10 11.0

2 months 76 41

3 months 47 37

4 months 6.2 40

5 months 6.7 47

6 months

Control, 6 months

at —20°F 22.8 30.6

experience that aIthou%h there is profound
biochemical damage, the product made in
these [aboratories™ does not become unac-
ceptable to a taste panel until after 6 months,
provided the freeze-drief beef is soaked long

enough.
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SUMMARY
shown that the washed muscle fibrils btarn d from watery pork
h v Wer water retention at low 1oni¢ sgren muc wer x ract-
greI a m %rr]rrleOnIC sen th tPanrotPeQm rrIs erowashordnwaP rbr FsseaC (an elg
rot er or P inates ¥rom the soPu hle sargopVasmr prot Ins. he cHan es
ncludin ecaracterrstrc gain of prot ern can rti |a|I mduced in tor-
mal medt wm ass Into rig soelectric re |o
Or reqlon o mrnr waer |r|s w ether. was or unwaghed
R e iy %tsest f et e B
i sl hrm U bk 'htb i e.e””fr A il
aheu she state the was ed hrs effect\f\é e to ar}ons
| cu te un ampes ay resut rom n ract bet £en
the sarco mrc an rr oterns the unwa d state e swelrn
0 rma rrs |s near o t e water rils at all es.
C Ied Strorh?W”( e rsaesor \n I ao orgaes eot o gr%rgerr?rtuareagn tE
P rg artrfrcgra Vg rev Psr%ﬁe”ﬁr hna |veu nerln q% rd r?rrnce meat
r ratsrn owerrn the te rature. rtra ron Urves wa er
r s srmr trtra ronc nsta fs. to hose o orma br
o ata rou ooa uat n the oqther r Sul not on
a trtr be ut in a muc ar er n trtratro
o t e esu ts can e | terpre ed to s o at t e ril roterns
0 e ater | rsare notde atured or in, the usu s
hu o r?eesrterrfade ofét e myo gﬁqtgrr]e asmrc protein tha |rmy

In recent years several reports have ap-
Reared In the literature describing in_the
am and back muscles of the pig a condition

that is characterized by pale color and exces-

sive loss of fluid from the meat when the
carcass is cut up for the market (Herter and
Wilsdorf, 1914: Ludvigsen, 1954: Wismer-
Pedersen, 1959: Briskey ct al., 1959; Law-
rie et al. 1958; Lawrie, 1960 and others).
This condition was described by Ludvigsen
as muscle degeneration (MD), and by Wis-
mer-Pedersen (1959)h as watery pork. Both

these authors have s own that it is charac-

terized b ver}r rapr gryco ysis post-mor-
tem, so that t the” meat reaches
values of <6.00 at <4 hr after slaughter

(pHt; the pH of the longissimus dorsi mus-

*Present address: Low Temperature Research
Station, Cambridge.

cle in the lumbar region measured brrq probe
electrodes ) hr after slaughter.) Thus the
meat is at a low pH and a gh temperature
(>35°C) during the first 1 dpost mor-
tem under commercral factory conditions. In
contrast, the fall of pH in meat of normal
appearance is much slower, so that the car-
cass has time to cool well below 25°C hefore
the pH has, fallen to 6.0, Lawrie ﬁl%O) de-
scribed a similar_condition in English Land-
race pigs as “white-muscle drsease " which i
also characterized by ra[) glycolysis post-
mortem but is often” further “accerituated bv
excessively low ultimate pH values of <5.20,
in contrast to the findings in_the Danish
Landrace breed, where the ultimate pH of
the “watery” muscles lies in the normal
range of 5.30-5.60 (Briskey and Wismer-
Pedersen, 1961.
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Wismer-Pedersen (1959) and Wismer-
Pedersen and Briskey ,;19613) have shown
that watery muscle “dirfers i many_wa%/s
from normal muscle, but particularly in the
reduced extractability of the muscle proteins
at high salt concentrations and in a reduced
water-holding capacity. They suggested that
these changes could be accointed for by de-
naturation”and agPregatlon of the muscle
proteins, particularly of the actomyosin fila-
ments of the myofibrils, and this sug?es_tlo_n
seemed to be supported by a characteristic
rise in pH that occurred i the watery pork-
after processing was complete and while the
temperature was falling to that of the cool-
ing room,

_In the present paper, we have re-exam-
ined the proteins of watery pork in rather
more_detail, with particular emphasis on the
proteins of the muscle fibril, actin and myo-
sin. For this purpose, we washed the fibrils
free of sarcoplasmic proteins in dilute salt
solutions, and then examined their water-
binding capacity, protein content, and titra-
tion curves, and their extractability at h|%h
salt concentrations. We found ‘that the
washed fibrils from.water}/ pork invariably
had a higher protein content, but a lower
water-hinding capacity and much lower ex-
tractability than normal fibrils. On the other
hand, their isoelectric pqint, as judged by the
pH for minimal swelling, was nearly the
same as or lower than that of normal ‘meat,
whereas_their proton-binding, capacity per ¢
of protein was reduced. Their buffer capac-
ity curves showed, however, maxima and
minima_similar to those of normal meat,
and differed entirely from those of heat-
coagulated fibrils, whether watery or normal.
These facts, taken together, suggest that
the watery condition of pork meat 1S dug not
to aggregation or deénaturation of the fibril-
lar proteins in the classical sense, but rather
to,adsorptlon of denatured sarcoplasmic pro-
teins onto the surface of the fibrils and myo-
filaments, thus reducing the number ~of
charged groups available for proton-binding
and water-bmdm?. This conclusion is sup-
ported by the fact that the proton-binding of
normal washed fibrils is not changed by keep-
|nt them at 37°C for Itd hours at low p
(5.40), whereas whole meat allowed to pass
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into rigor at 37°C shows all the character-
istic symptoms of wateriness. _

~ Against these arguments there is the find-
ing of Briskey and Wismer-Pedersen (1961)
that the ?Fl of intact meat of the watery t}/pe
aPparenty reaches a minimum 1)d hr after
sau?hter and then rises again slowly as the
meat cools. pH increases of this kind could
be taken to mean that considerable denatu-
ration of the proteins had occurred (Bull,
1938 : Bate-Smith and Bendall, 1946; Ben-
dall, 1947). Examination of the pFl changes
in washed and unwashed fibrils, as the tém-
ﬁerature was raised or lowered, showed,
nowever, that the effect was enhrel;l/ revers-
ible, that is, that the pH fell as the tempera-
ture was raised and regained its orlqmal
level as the temperature was once more low-
ered. This suggests that the effect is mainly
due to changes”in the pK values of charged
groups on ‘the fibrillar and sarcoplasmic
proteins.

METHODS

Preparation of pork samples. To obtain meat of
normal or watery type, samples of longissimus
dorsi muscle were cut from the lumbar region of
the carcasses 24 hr after slaughter. The pigs were
of Danish Landrace breed, reared at the progeny
testing station Sjaelland, and slaughtered at Ros-
kilde "bacon factory after electric” stunning. The
EH taken 3f hr after slaughter (pH,) was above
20 in the normal muscles and below S.60 in the
watery muscles. Some samples were obtained
10 min after slaughter of the animals and were
allowed to go into rigor at ~20°C. These served
as controls In the titration studies.

PreEaratlon of fibrils. Fibrils were prepared
from the meat by passing it through a mincer and
weighing out S-g_samples of the mince into KC1 or
bufter solution. The mince was then homogenized
to fibril level with an Ultra-Turrax blender, which
was taken to full speed in 3 bursts of 10 seconds
duration, so as to avoid excessive heating. When
unwashed fibrils were required, no further prepa-
ration was nec_essan{. The preparation of washed
fibrils is described Tater. 1t should be noted that
homogenates prepared in this way contain pieces of
connective tissue ,not_thorou%hly disintegrated by
the blender. In titration studies it was necessary
to cut these up finely with scissors. Microscopic
examination of the homogenates revealed that all
the muscle tissue proper was reduced to fibril level
by the procedure. ,

Measurement of fibrillar volume and nitrogen
content. For comparison of the fibrillar volumes
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~ Table 1 Fibrillar protein content and water bindin% of normal and watery pork after wash-
ing the fibrils in 0.043/ K phosphate (pH 7.00; I = ~0.09).

 High pHj |
o OBNERD oy
6.59 0131 107
6.42 0.129 112
6.51 0133 109
6.25 0.116 129
6.81 0.116 120
6.46 0132 110
6.50 0132 121
6.52 0135 110
6.26 0.138 114
6.26 0133 91
6.3 0.114 111
Mean 6.45 0.128 12
Ultimate pH 544+ 0036 (9)
Total N %
of whole meat 377

and nitrogen contents of watery and normal fibrils
Sas in Table 1?, 5 % nruscl ewas homogenized in
40 ml of 0.043/ postassium phosphate ??H 7.00;
ionic strength, I'=0.09) and centrifuged 10 min at
1500 x G. The supernatant was discarded and the
fibrils re-mixed, with the Ultra-Turrax blender, in
40 ml of the phosphate buffer. They were then
centrifuged for 10 min, the supernatant was again
discarded, and the fibril layer was weighed and its
nitrogen content estimated by the usual Kjeldahl
procedure. The results of the nitrogen estimations
were exh)ressed as g fibrillar Frotem_ per g of meat,
taking_the nitrogen content of the fibrillar proteins
as 16.7% gBalley, 1937). .
Extractability. To measure the extractability of
the muscle proteins at high ionic strength, “the
minced meat was homogenized and washed as in
section 3 above, except that the buffer used was
0.043/ potassium phosphate (pH 6.50; 1= 0.05).
The fibril layer was then re-suspended in 40 ml of
a solution of 0.53/ KC1 + 0.043/ postassium phos-
Phate (pH 6.5; 1= 0.55), left 30 min at 0°C, and
hen centrifuged 30 min at 1500 X G. The super-
natant fluid was decanted and the fibril residue
weighed. The nitrogen content of residue and super-
natant was_ estimated. o _
Preparation of samples for titration studies and
measurement of isoelectric point. Five-gram sam-
gles were minced as above and homogenized in
0 ml 0.13/ KCL. Washed fibrils were prepared
from this homogenate by washing twice in 20 ml
of 0.13/ KCL. Finally the fibril layer was suspended
in 20 ml of 0.13/ KCL. Measurement of phosphate
content showed that such washed fibrils contain
less than 1 mol. of acid-soluble phosphate per 105¢

Low pHx
SR
541 0.157 6.0
551 0.145 72
5.36 0.154 58
5.38 0.139 7.6
539 0.167 6.5
540 0.164 7.0
550 0.173 6.5
541 0.163 58
550 0.172 6.1
5.60 0.166 59
5.60 0.143 6.8
5.46 0.158 6.47

539+ 0.054 (9)
378

of protein. For the measurement of IP or point of
minimal swelling the pH was adjusted with OLV
HC1 or NaOH. When the IP of unwashed fibrils
was to be measured, 0.0043/ iodoacetate was in-
cluded in the KC1 solution to prevent any possible
glrcolysm. In either case, the procedure was to
allow the fibrils to equilibrate for 15 min at 20°C
at the desired pH, and then to centrifuge them for
5 min at 1500 X G. The fibril layer was weighed
after decantation of the suFernatant.

Titration studies. Fibrils, frepared as above,
were titrated stepwise with 0.LV HC1 or NaOH
over the range pH 1.8-11.00, care being taken to
allow the samples to equilibrate for 5-10° min after
each addition of acid or alkali. The PH was meas-
ured with a Radiometer pH meter, type 22.

The titration curves are expressed as the number
of protons absorbed or released per 10Bg protein.
This parameter was estimated from the equations :

[1]
and
mols H 'bound = [V(Ci, —C),)/W] X 103 [2]

where C, and pH» respectively represent the con-
centration of protons and the ‘pH of a 0.13/ Kc1
solution to which HC1 has been added in the ab-
sence of fibrils, and co and pHi, are the correspond-
ing values in the presence of fibrils: V is the vol-
ume of the solution in ml and W is the weight of
protein in g. Cb can be exactly computed from
pHb from:
+ . .
Cb::-[-'i--]E: anti-log (-pHi, —10g7«)

Yh

IogEb = pHa—pHb

[
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where 7h is the activity coefficient of the H+
ion at pHb (Cohn and Edsall, 1943). In practice
the necessary correction was estimated from the
pH of HC1/KC1 or NaOH/KCI solutions of known
concentration.

Measurement of the dependence of the pH of
the meat on temperature. Washed or unwashed
fibrils were prepared in 0.IM KCI, as in the titra-
tion studies. The pH was measured at 20°C, and
then the temperature was raised slowly to 40°C
510 min) and the pH recorded as it fell back to
0°C.. For measurements below 20°C the beaker
containing the fibrils was cooled in an ice-water
mixture to ~8°C and allowed to warm spontane-
ously again to 20°C. To simulate the conditions of
the experiments of Briskey and Wismer-Pedersen
(1961), the pH meter was set to 6.50 at 20°C,
using a SOrensen buffer of that PH as standard,
and the temperature adljustment of the meter was
subsequently kept constant at 20°C regardless of
the actual” temperature. Corrections were then
made by measuring the pH of the Sorensen buffer
against temperature in exactly the same manner.
0 check the accuracy of the measurements, the
variation of the pK “value of 0.04M imidazole
(pH 7.2) with temperature was measured. The
heat of ionization % H) derived from these data
was found to be +6600 cals/mole from 8 to 40°C,
The published value for the imidazole é;rou(s) of
histidine_is +6900 cals/mole (Cohn and Edsall,
1943). The agreement is seen to be satisfactory.

RESULTS
Water retention and protein_content of fibrils
washed at low ionic strength. Table 1 shows the
water retention and protein content of fibrils of

Table 2. Extraction of actomyosin at pH
and watery pork.

High pH,
. 4 Fe.{ /)
o P ey Rk
6.59 0.118 0.0146 0.133
6.42 0121 0.0180 0.139
6.51 0.122 0.0156 0.138
6.25 0.120 0.0180 0.138
6.8 0.119 0.0118 0.131
6.46 0.120 0.0273 0.147
6.50 0.127 0.0135 0.140
6.52 0.136 0.0135 0.149
6.26 0.133 0.0125 0.146
Mean 6.48 0.124 0.0161 0.140
Valuesas %
total protein 885 115
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normal and water¥ meat prepared by washing in
0.04 Phosphate_ butfer at pH 7.00, 1=10.09. It is
seen that the fibrils from meat with low pHi values
(<5.60) have a higher protein content (xI-23)
but a lower water retention per gz of protein
X0.58) than fibrils from meat with high pH,
>6.20). The protein content of the washed nor-
mal fibrils is a little higher than the value of
0.115 g/_% _muscle, %lven by Bendall (1961) for
rabbit fibrils free of stroma. The origin of the
Ie>§tra protein of watery fibrils will be" discussed
ater.

20

g waler/g protein

pH

Fig. 1 Swelling curves of the washed fibrils of
normal and watery pork, in 0.IM ECI at various
PH values. Swelling expressed as g water re-
ained ger g protein, after centrlfugln? 5 min at
1500x G. © samples of normal pork allowed to go
into rigor at 20°C; x samples of watery pork
(pH, =5.60).

6.50 (1=0.55) from washed fibrils of normal

Low pH*

N b )
o, Pl s, AT
541 0.0156 0.138 0.153
551 0.0189 0113 0132
5.36 0.0146 0.133 0.147
5.38 0.0162 0.125 0.141
5.39 0.0144 0.147 0.162
540 0.0192 0.140 0.159
5.50 0.0210 0.164 0.186
041 0.0176 0.145 0.162
5.50 0.0214 0.164 0.185
5.43 0.0177 0.141 0.159

111 88.9
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The table also shows that the differences in
water retention between normal and watery fibrils
are not due to differences in ultimate pH or total
nitrogen content, which are nearly identical in the

two t%/pes. o S

Exfractability at high ionic strength (1= 0.55)
at pH 6.50. Table 2 shows the amount of protein
extracted by a phosphate buffer of | = 055 pH
6.50, from fibrils washed free of soluble sarco-
Plasmlc proteins at 1= 005 pH 650. It is seen
hat normal fibrils (pHi >6.20) are almost com-
pletely extracted by the procedure, giving a highly
viscous solution containing 88.5% of the fibrillar
proteins, whereas in the case of "watery” fibrils
(pHi <5.60) only 11% of the fibrillar proteins are
extracted, and the solution is quite limpid. These
extreme differences between the tgg)es are best
shown up by extraction at pH 6.50, because at
higher pH values the normal fibrils ?/[eld an ex-
tract so viscous that it cannot be cenfrifuged, and
at lower pH values extraction is very incomplete.
It would clearly be desirable to study in more
detail the relation between extractability and pH.

The origin of the extra-fibrillar protein” of
watery meat. The results in Table 1 mlght be
taken to_indicate that there is a higher content of
true fibrillar protein in watery meat than in normal
meat. This, however, is unfikely to be the case,
because an exactly similar gain in apparent “fibril-
lar” protein can be brought about merely by heat-
ing a minced sample of normal muscle at 37°C for
|ﬁl hr or by_aIIowln? a sample of muscle cut from
the animal “immediately after death to pass into
rigor at 37-41°C. In One experiment of the first
type, for example, the unheated fibrils had a pro-
tein content of 0.122 g per g meat, after washing
out the sarcoplasmic Protems, whereas the_ fibrils
PrePared from the heated mince had a protein con-
ent of 0141 g Rer g meat. Similarly, in an ex-
Penment in which one piece of muscle was allowed
0 go into rigor at 20°C and the other at 40.5°C,
the respective protein contents of the washed fibrils
were 0.128 ana 0.150 g per g meat. A similar but
rather more detailed experiment is given in Table
3 to illustrate the differences in water retention,
]protem content, and extractability between fibrils
rom meat allowed to pass into rigor at 20°C and

Table 3. Effect of temperature of rigor on the
water retention and extractability of fibrils.

fipa ey
e
Treatment p ol{;ﬁw eea

Rigorat 20°C 118 011
Rigorat 37°C .1 0.13

e &2
=
o:'%i§
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=
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fibrils from the same meat passing into rigor at
371°C. They are again similar in° magnitude to
the differences between watery and normal fibrils
shown in Tables 1 and 2 _ _

The relation between water retention and E'H in
the fibrils from normal and watery pork. |(i: 1
illustrates the relation between the water retention
Per g of protein and the pH for washed fibrils
rom normal and watery pork at I = ~0.1. In this
case, the normal fibrils were 0prepared.from meat
allowed to,gq into rigor at 20°C. It is seen that
“watery” fibrils retain less water per g of protein
than those of normal pork at all pH values between
45 and 75. In spite of this, the zone of minimal
swelling, which is probablg/ also the isoelectric
region, 1 about the same in the two cases, although
the zone is broader with the “watery” fibrils and
extends to lower pH values. This is exactly the
reverse of what happens when the proteins of nor-
mal meat are a%gregated by heat, as we see from
Fig. 2, which shows the water retention of fibrils

/ Native

Coagulated

g waler/g protein
S

5

4 5 6 7
Final pH
Fig. 2. Swelling curves of normal washed fibrils
coagulated at various pH values at 90°C, in O.likf
KCL. The average curve for washed fibrils from
E!g. i’l IS superimposed. Results expressed as in
ig. L

coagulated at various pH values at 90°C. The
minimum of the swelling curve is now between
590 and 6.00. It should be noted that the absolute
values of water retention for the coagulated fibrils
cannot be strictly compared with those of the native
fibrils, because “of the very different nature and
packln% (ensity of the coagulated particles. The
Isoelectric point measured in this way is very close
to the ?H of ~6.00 attained by washed normal
fibrils after coagulation under isoelectric conditions
at pH 540. This new pH reached after coagula-
tion must represent the isoelectric point of the
coagulum, since no acid or base has been added to
the system.

The similarities of the IP’s of normal and watery
meat can also be shown by measuring the water
retention of unwashed fibrils (see Fig. 3). The
curves show that the unwashed watery fibrils
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20}

g waler/g protein

Fig. 3. Swelling curves of unwashed fibrils of
normal meat (pH* 6.30) and of watery meat
(pHi S.60). Results expressed as g water retained
per g fibrillar protein. Mean values for 3 experi-
ments are given with the S.E’s of the means.
et | (11111 M watery. A indicates an ex-
periment with meat passing into rigor at 20°C;
(® indicates an exFerlment with the same meat
passing into rigor at 37°C.

retain about the same amount of water at all pH
values as the washed “watery” fibrils in Fig. 1
whereas the unwashed normal fibrils retain con-
siderably more than the washed. Since the un-
washed " fibrils contain all the salts, non-protein
nitrogenous compounds, and sarcoplasmic proteins
of the meat, it is difficult to say which of these
components is responsible for the difference in the
latter case, Certam(ly, it is not due solely to the
Presence of Mg or Ca ions, since addition of these
0 washed fibrils in the concentrations expected to
be present in the homogenates, that is, respectively
~2mM and OAmM, diminishes the water re-
tention rather than increasing it. It seems more
likely that the effect is due to interactions be-
tween the sarcoplasmic and fibrillar proteins, but
more experiments are necessary to confirm this
suggestion. It will also be noted from the figure
that the isoelectric region is again somewhat lower
in the watery fibrils than in the normal fibrils.
Also illustrated in Fig. 3 is an experiment compar-
ing the water retention of unwashed fibrils from
meat passing into rigor at 20°C with that of fibrils
from the same meat allowed to go into rigor at
371°C. It is seen that the 20°C fibrils follow the
curve for normal fibrils, whereas the 37°C fibrils
follow that for watery fibrils.

The reversible effect of temperature on the
pH of muscle fibrils and extracts. The experiments
of Briskey and Wismer-Pedersen (1961) on intact
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pig carcasses showed that in pigs where the pH fell
rapidly (waterg type 4) it also fell to the very low
level ‘of ~5.15 and subsequently rose again to
~5.50 during the cooling of the carcass.” Their
results are plotted as pH against temperature in
Fig. 4. It will be noted that the pH tends to in-
crease most steeﬁly as the temperature falls from
20 to 10°C. If the rise of pH 1s to be taken as a
measure of dénaturation this feature of their curve
is exactly the opposite of what would be expected,
since it is well known that the rate of dénaturation
falls rapidly with falling temperature (Hamm and
Deatherage, 1960). For this reason we have re-
examined the phenomenon, using washed and un-
washed fibrils, coa%ulated minced meat, and the
Kochsaft prepared from whole meat, that is, the
filtered_liquid obtained after heat coagulation at
90°C. The curves in Fig. 4 show that Iar%e chan?es
in pH occur with all the Freparatlons studied as the
temperature is raised or lowered, and that they are
all inversely related to the temperature. That the
effects with native fibrils are not due to dénatura-
tion is shown first by the fact that they are re-
versible within £0.03 pH units at 20°C, and also
that coagulated minced meat shows a comparable
effect. The curves as shown have not been corrected
for temperature effects on the setting of the &H
meter, which was standardized to pH 6.5 at 20°C

5.8

57F

S3r

521

51

i 1 L uN

1
T BT 30 0

C
Fig. 4. The reversible effect of temperature on
the _PH of whole meat and various preparations of
fibrils. © intact carcass (Briskey and Wismer-
Egdeiste)nl’Aflgl?é)l; @i/ v&ashed fflbrls (S % mea{om
ml 0. .V Koghsa red fro
meat, hea,t-c,oagt)la’ted in % m‘ %ﬁ?ﬁl ?gcf; r& ung-
washed fibrils (5 g meat in 10 ml 0.IM KCl%;
El coagulated mince (10 g meat + 3 ml 0.1JH KC1).
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Table 4. Reversible effect of temperature on pH and proton binding of various preparations

of pork muscle.

pH at
2°C

Preparation 10°C
Whole meat [Briskey and
Wismer-Pedersen (1961)] 549%
Unwashed fibrils 5.66 553
Coagulated mince 582 571
Washed fibrils 547
Expected value for
sarcoplasmic proteins
Kochsaft 551

without altering the temperature compensator from
20°C, as in the experiments of Briskey and Wis-
mer-Pedersen. The measured corrections, Shown
as an inset, are seen to be quite small.

The pH/temperature curves, after correction, can
be converted into numbers of Erotons (H +?1 bound
or released by the buffering substances of the meat
as the temperature is changed, by employing the
measured buffering ca]pacmes of "each of the re-
spective preparations. The values calculated in this
way are shown in Table 4. The results of Briskey
and Wismer-Pedersen have been similarly recalcu-
lated, using a buffering capacity of 54 X KP1moles
H+perP _per g meat. It is seen that the un-
washed fibrils show a reversible absorption or re-
lease of protons of the same order as that shown
by the intact meat on the carcass.

Titration curves. To illustrate the form of
the titration curves, we have chosen the
curves for normal and watery fibrils in the
native state (FI%S. 5 and 6, respectlv_elyg. The
buffering capacities CAH ApHg derived from
these curves at intervals of 0.2-0.4 pH units are
shown in Figs. 7 and 8, respectively, and also the
buffering capacities of normal and watery fibrils
after coagulation at ~pH 540 at 90°C. Since we
have shown above that the washed fibrils of watery
meat contain extra protein, probably in the form of
denatured sarcoplasmic protein, we have also ti-
trated the coa?ulated sarcoplasmic proteins of nor-
mal meat. Table 1 shows that such protein is present
in watery fibrils to the extent of ~0.19 g per g of
total protein, the remainder bem? in the form of
true fibrillar protein. The calculated titration
curve for the proteins in this proportion is shown
in Fig. 6, and also the actual curve for 0.19 X 105¢
co\a}\?ulated sarcoplasmic protein alone.

e see from Figs. 5 and 6 that there are losses
of titratable groups (proton binding) in both the
alkaline and acid regions of the curves on Ipassmg
from the normal to the watery state, althoug
these losses do not result in any %Breuable shift
in the maxima and minima of the AB/ApH curves

545

(in ﬁsl-anr%%iisnplgfgbg%(%eat)
30°C 10°C 2°C 0°C
518 +0.75 0
5.3% +7.50 0 -7.60
5.60 +6.40 0 -6.40
521 +3.20 0 -3.70

—+1.60 0 o 1.90
53 +1.30 0 -2.10

in the acid or neutral region (FI?S. Tand 8). This
is in complete contrast {o the effect of coa?ulanon,
which is characterized not only by a loss of groups
but also by a Iar};e shift In ‘the maxima and
minima of the AB/ApH curves in the acid and
neutral regions. o

_In connection with the titration curves of watery
fibrils, it is of some interest that the fibrils from a
sample of meat allowed to go into rigor at 40.5°C
showed Froton binding per g of protein almost iden-
tical to that of the samples of watery fibrils in Fig.
6, and an almost identical giam of protein of sarco-
ﬁlasmlc origin. By contrast, washed normal fibrils
eld at 40°C for \)/2 hr gave a normal titration
curve of the type in Fig. 5 and showed no loss of
titratable groups.

DISCUSSION

The chanﬂes responsible for wateriness in
pork meat have been variously ascribed to
acute degeneration of the muscular tissue in
the living animal (Ludvigsen, 1954), to ex-
cessively low ultimate pH values of 5.20
(Lawrie, 1960) and to a rapid fall of pH
post-mortem  (Bris eK and Wismer-Peder-
sen, 1961). Although it is clear that both
muscle degeneration”and very low ultimate
?H values’ might give rise to wateriness in
he meat, it is most unlikely that either of
these changes is responsible for the condition
In the Landrace pigs studied here. In the
first place, the mean ultimate pH values of
the normal and the watery muscles were
identical in our experiments, as they were
in those of ankeg and Wismer-Pédersen
1(_1961), and secondly we were able to con-
irm the observation”that the watery condi-
tion could be produced merelg/ bg holding a
normal piece of meat 2 hr at 33°C (Wismer-
Pedersen, 19592 or RX allowing rigor_ to
occur at 37 to 41°C. Moreover, In detailed
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studies of the rigor process at 37°C, to he
reported elsewhere, it was opserved that the
muscles began to weep and their color to
change only when they were about to pass
into rigor, ‘that is, when pH had fallen to
6.00 or below. It is, therefore, obvious that
the immediate cause of wateriness in the
Landrace pigs studied here is the combined
effect of high temperature and low pH on
the muscle” proteins, as Wismer-Pedersen
and Briskey (1961a) have shown. In fact,
wateriness apFears t0 be a general phenome-
non, not confined solely to Landrace pigs,
but characteristic of all"muscles when rigor
is allowed to take place at 37°C at low pH
values, because it is then also found in a
more or less severe form in the longissimus
dorsi and psoas muscles of the rabhit'and the
ox (Bendall, unpublished observations), and
to a very marked degree in whale muscle
(Marsh,"1952). L
Aside from ‘their decreased extractabiljty
and water retention, Water¥. fibrils are dig-
tinquishable from normal Tibrils mainly in
their higher protein content. This extra pro-

Protons bound

100

501

g protons released or bound per 10° g protein
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tein, derived from the sarcoplasm, is evi-
dently E)resent either in an aggnregated form
or flrm_){ combined in some other way with
the fibrillar proteins, actin and myosin. The
problem is therefore to decide whether the
reduced water retention and the greatly re-
duced extractability of watery fibrils is due
S|mFIy to the deposition of this layer of sar-
coplaSmic protein onto the surface of the
myofilaments or whether it is due to de-
naturation and aggregation of the fibrillar
proteins themselves. Two criteria may be
used to distinguish between these possibili-
ties : first, to enquire whether a rise of pH
and of isoelectric point, characteristic of the
phenomenon of denaturation, can be detected
as the muscles pass into the watery state
{cf. Bull, 1938: Bate-Smith and Bendall,
946; Bendall, 1947; Putnam, 1953); and
secondly, whether the titration curves of
watery fibrils show any of the changes that
clgar%cterlze denatured proteins (Bendall,

As already pointed out, Briskey and Wis-
mer-Pedersén” (1961) described a rise of

Protons released

L
1 2 3 4 5

~F

L
6

pH

Fig. 5 Titration curves of normal washed fibrils in the acid and alkaline range, ex-
pressed as g protons released or bound per 10 g protein. Average fibrillar protein content

= 0.128 g per g meat. Full line calculated from the constants in Table S.

observed points.

indicates the
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pH in muscles of watery type, but this can-
not necessarily be takeri as an indication of
denaturation—first, hecause it occurs as the
temperature of the meat is fallln?; secondly
because it is_larger than the acfual rise of
0.25-0.30 units observed after the complete
heat coagulation of whole meat; and thirdly,
because a similar but reversible effect of tem-
perature on pH can be demonstrated in both
native fibrils and heat-coagulated whole meat
(Fig. 4). The number of protons reversibly
bound or released as the temperature of the
unwashed native fibrils and of the heat-
coagulated whole meat is raised or lowered
IS séen to be nearly the same in the unwashed
native fibrils and .in the heat-coagulated
whole meat as it is in the intact Carcass
(Table 4). It is therefore reasonable to sup-
pose that the effect is due to changes in the
pK values of the various buffering sub-
stances of the meat with temperature.
The main groups likely to be involved in
this range of pH are the imidazole and car-
boxyl groups of the proteins, and those of

Protons hound

150

@,

®

100

50

g protons released or bound per 10° g protein

carnosine and anserine. The pK of the imida-
zoliutn, groups has a negative temperature
coefficient, and that of the carboxyl groups
a positive one, so that in both cases protons
will be released on raising the temperature
and bound again on Iowerm? it (Cohn and
Edsall, 1943). Unfortunately, we do not
know the exact numbers or pK values of
these groups in whole meat, so that we can-
not accurately predict their effect on the pro-
ton-hinding. ~ We _can, however, make the
following assumptions : 1) that the 26 groups
P_er 1054, of protein that titrate in the washed
ibrils with a pK"' of 6.40 are imidazolium
groups, and that the 105 groups titrating
with pK' = 4.15 are_carboxyl grou?s (see
Table 5); 2) that a similar number of imida-
zoliuni and "carboxyl groups_are Present in
the sarcoplasmic proteins; 3) that the total
protein content is about 0.20 § per g of meat;
and 4) that the heat of ionization (AH) of
the imidazolium grouPs IS +6900 cals  per
mole and that ‘of the carboxyl groups
~ —1500 cals per mole (Cohn dnd Edsall,

Protons released

pH
Fig. 6. Titration curves of fibrils from watery meat, exFressed as in Fig. 5 Average

fibrillar protein content=0.158 g per g meat. Curve (1) is ca

culated from the known proton

binding of 0.19X10° gi denatured sarcoplasmic protein + 0.81 X10n1g fibrillar protein. Curve
a

(2) is the curve calculated for watery meat from the constants in T:
titration curve for 0.19 X 105 ¢ denatured sarcoplasmic protein. Q indicates the observe

is the

ble 5. Curve (33 A
points.
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Table S. Summary of titration constants and number of groups titrating, in various fibrillar

preparations.
Number of groups titrating per 105 ¢ protein at pK'=

Type of preparation 210 260 300 340 350 415 450 470 640 670 102
Normal, native 48 w105 26 12
Normal, coagulated 8 W 4 2% Y
Watery, native 3 li 80 26 57
Watery, coagulated 4 41 40 2% 4
SarcoPIasm, coagulated 52 58 40 W4 A
Calc, or 0.19 parts

sarqolplasm to 0.81 parts

fibrillar protein 0 3 il 8 75 25 [/

“g-protons bound per 105 protein = 29 from pH 8.4 to 5.60, and 635 from pH 11 to 84,

1943). Calculatlnﬁ on this basis for the ef-
fect of ch,an%mg the temperature of the un-
washed fibrils in Table 4 from 20 to 37°C
we would expect a release of ~5.2 X 10®
moles of H+against the found value of 7.3 X
106 moles. The discrepancy is not large
when we consider that no account has been
taken of the possible effect of carnosine or
anserine or of the other buffering substances
known to be present. We may conclude that
we can account for the apparent rise of pH
of watery meat in terms of the effect of tem-
Berature,on the pK values more easily than
y invoking a general dénaturation phénome-
non. Nevertheless a small rise of pH would
be expected in the watery muscles as the sar-
coplasmic proteins were denatured and be-
came deposited on the fibrils, ,Calculat,mg
for the known amount of protein deposite

in this way (Table 4), we would expect the
rise of pH not to exceed 0.05 unit in the
whole meat, whereas complete heat coagu-
lation results in a rise of 0.25-0.30 unit at
pH 5.40. Such a small rise would probably
go_undetected in the intact carcass.

_The criterion of the isoelectric point (IP)
3|m|I_arIP/ indicates that dénaturation in the
classical sense can have occurred °”|¥- t0 a
minor degree, if at all. in the watery Tibrils,
because their IP tends, if anything, to be
lower than that of normal fibrils, Whereas
the IP of fully coaPu!ated fibrils is much
hlgher (Fig. 1-31._ tis also of some inter-
est that the swelling of unwashed normal
fibrils is higher at all'pH values than that of
washed fibrils, whereas watery fibrils show
about the same swelling in both cases. This
suggests that the sarcoplasmic and fibrillar

proteins are mutually active in the swelling
proctess in normal meat but not in watery
meat.

The other criterion we may apply to
watery meat is that of proton-bmde. For
this purPose It is necessary to calculate the
apparent titration constants (pK7) of each
curve, which we have done by ‘trial and
error. These constants are anaIO(ﬁ;ous to, but
not necessarily identical with, the true pK
values of the groups titrating in the various
regions of the curves ECo n and Edsall,
1943). We started from the assumption that
the Peak in the AH#ApH curve of normal
meat at pH 4.15 (Fig, 7) represented the
pK' of a class of similar” groups, virtually
undisturbed by the gresence of other groups
in_the region"pH 3.65-4.65. We then ap-
plied the general equations:

pH = pK% + ~ [4]

f antilog (pH —plv'g) 1
5 11+ antilog (pH - pICq)J

where pK' is the titration constant of the
qﬁh class of groups: aq is the fraction of
the total number of groups in the class
that have given up protons to base at any
PFI; and naq represents the number of pro-
ons given up bY groups of the qth class at
any pH. It follows from these equations
that 52% of the groups in the class with
pK'= 4.15 should titrate between pFl 3.65
and 4.65. We actuaII)( find 545 ¢ protons
given up per 105 protein over this range of
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PH, so that the total number of ﬁroups with
PK 4,15 is —105. Removing these groups
rom the observed curve, s the}/ would
titrate according to equation 5, we found by-
similar re_asonm?(that there was a class of 4
groups with a pK' of 2,60 in the acid region
and a class of ~26 groups with a P of
6.40 in the neutral region. In the alkaline
region, there appeared to be a class of 72
roups with pK 10.20, and this would mean
at the remaining 50 or 60 basic glroups
exFected to be present from the analytical
data of Kominz et al. (1954) should have
pK' values greater than 11,00 (Mihalyi,
1950). Unfortunately, this could not ‘e
checked with the electrode assembly avail-
able, which had a large “alkaline” error
above pH 11.40.

From these calculations
describe the titration of the
normal meat from pH 18 to

it is. possible to
native fibrils of
10.2 as follows :

g protons bound =
48ai + 105a2 + 26a3 + 72a4  [6]

antilo? (pPH-2.6)
1+ antilog (pH-2.6) J

+ 105 antilog (pH-4.15
Lt

1+ anti H-4.25) J

14

antilo? (pH-6.4)
1+ antilog (pH-6.4) |

+72 f antilog (pH-10.2
\ 14anti?0§;p(pH-10).2) ?

The curve calculated from this equation
(Fig. 5) is seen to agree well with the ob-
served Values for two different fibril prepa-
rations up to the limit at pH 102.

A similar type of anal¥5|s, was applied to
the curves for watery fibrils and for the
coaqulated fibrils of "normal and_ water
meal. The results of the analyses (Table 5
are in terms of the classes of pK" values and
the number of groups titrating in_each class.
To demonstrate the general validity of these
constants we have plotted the averdge values

FIBRILLAR PROTEINS IN PORK MUSCLE

of the observed results against the values
calculated from Table 5 for the particular
complex case of coaqulated normal fibrils
(Fig. 9). It is seen that the agreement is
good in"the acid range, but small discrep-
ancies occur in the alkaline range after about
30 roui)s have been titrated (pH 8.2-10.0),
and” a larger dlscreElanca/ after 60 rouRs
have been titrated (pH 104 and above%.T e
first d|scre[§)anc,y may be due to the constant
at pH 6.70 being too low, or to the release
of a-amino and -groups, not taken into ac-
count in the calculations. The second dis-
crepancy arises because we do not know the
pK" valies of the groups alkaline to pH 1L0.
As a further check, we ma¥, note that the
calculated curve for watery fibrils (curve 2
Fig. 6) also agrees well with the observed
Pomts, up to fhe limit at pH 102. From
hese arguments we may have reasonable
%org)flldegce in the constants (pK') given in
able 5.
_Since it is believed that this study of the
titration constants of native, waterz, and. co-
agulated fibrils is, the first of its kind, it is
nec,essar,g to enquire whether the data for the
native fibrils agree with the amino acid apal-
ysis and titration curves of the main fibril
Protelns, actin and m(yosm. Mihalyi (1950),
or instance, showed that purified myosin
contained 165 titratable acid groups, 16 imid-
azolium groups, and 134 basic groups per
105 g of protein. There are no comi)ar,a le
data for actin, but the amino acid analysis of
Kominz et al. (1954) shows the presence of
117 free acid groups, 19 imidazolium groups,
and 109 free” basic groups. If the fibrillar
proteins contain 1 part of actin to 2 parts of

myosin (cf, Hanson and Huxley, 1957),
thedre slhguld,therefore be ~ 148 acid groups
and ~

| imidazolium groups per 105dg. We
find a total of 153 acid groups and ~26
groulps fitrating with a F f of 6.40, which
are likely to be imidazolium groups (Cohn
and Edsall, 1943), Similarly we find 72
?roups tltratlng with a pK" of 10.20, close
0 fhe expected pK values of tyrosine and
lysine ((jCohn and Edsall, 1943). The ana-
Iytical data of Kominz et al. (1954) would
yield 23 tyrosine and 74 lysine groups for an
actin-myosin ratio of 05, The over-all
agreement is, therefore, fairly good, particu-
larly since we have not taken any account of
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the stroma, connective tissue, and tropomyo-
sin undoubtedly present in our pregaratlons.
These componénts, however, probably cancel
each other out, because connective tissue has
a small number of charged groups and tropo-
myosin a ver% large number. According to
Lawrie (1960) and Hanson and Huxley
(1957), they are present in the fibrillar prg-
teins in about equal amounts of 10%. In this
connection, we may note that Wismer-Peder-
sen and Briskey (1961b) found normal
whole meat to bind 144.4 g equivs of safra-
nin Per 10® g total protein, whereas watery
meat bound 187 ¢ equivs per 10® g. This
measure of the number of acidic groups in
normal meat agrees well with the present
results, which would show about 146 g pro-
tons to be bound at pH. 1.8. In watery meat,
however, the proton blnd%ls not likely to
exceed _13,0gi protons per 10®q total protein.
It is difficult to account for the large dis-
crepancy in the latter case, although it may
be pointed out that it is not certain that the
dye-binding method js an exact measure_of
proton binding, particularly where protein-
Proteln interactions may have taken place in
he material under study. For e_xamPIe,
Hamm and Deatherage (1960), using this
method, detected a losS of acidic groups after
heat denaturation of whole beef ‘muscle, but
could find no comparable loss of basic

60
50
40

30 L

AH*/ApH

20

?roups, which would have been expected
rom the results of the present titration
studies.

Inspection of Table 5 shows that the,f)rq-
ton binding of the washed watery fibrils is
lower than"normal in both the acid and alka-
line regions, but that this decrease is not
accompanied by the characteristic shifts in
the titration constants observed after com-
Plete,hea_t coagulation. On the other hand,
he titration constants of watery fibrils are
shifted by heat coagulation in much the same
manner as those of normal fibrils, particu-
larly in the acid and neutral regions. This
again suggests that most of the protein of
Water¥ fibrils is not in a denatured or coagu-
lated Torm. If this is so, however, we must
seek some other explanation of the decreased
water retention and extractability of watery
meat. A possible, explanation can be sug-
gested from the titration studies, We have
shown that the extra protein of watery fi-
brils must arise from the sarcoplasm, and
Ket,when we calculate the expected contri-
ution of this protein to the total proton
binding we find that nearly all of ‘it has
d|saﬁpeared from the actual titration curves
of the watery fibrils STabIe 5). The only
way in which' this coul hapBen would be for
the missing %roups to have become linked to
groups on" the fibrillar proteins. We may

Mean pH

Fig. 7. Mean buffering capacity curves for normal native and coagulated fibrils. AH4
ApH = g protons bound per pH unit per 1(F g protein. Plain line = native fibrils; 0 = coagu-

lated fibrils.
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50 |

40 |

30 L

AH*/ApH

20 L

I
1 2 3 4 5 7 8 9 10 11

6
Mean
Fig. 8. Mean buffering capacity curves for the native and coagulated fibrils of watery
pork, expressed as in Fig. 7.

assume, for instance, that the carboxyl which might account for the greater shift in
ﬂroups titrating with pK" values, of 2.60 and the pK' values of neighboring groups. Simi-
.15 belong to_the fibrillar proteins, whereas larly, comPIete heat coagulation of watery-
the groups with pK" 3.40 belong to dena-  fibrils must result in the breakmq of some of
ture sarcoi)lasmlc proteins.  This would the postulated bonds between the fibrillar
mean that all the 11 ﬁroups with pK7 2.10  proteins and the IaYer_ of denatured sarco-
and the 7.5 groups with pK' 4.50 contributed  plasmic proteins on their surface, because we
by the sarcoplasmic proteins have become
linked to the fibrillar proteins. This could s -
occur by the formation of honds between
these. groups and the hydroxyl groups of
tyrosine or even the e-amino groups of ly-
sing, or the guanidino groups of arginine of 9
the “fibrillar “proteins, “In addition, 5 car- -
boxyl %rpups with pK 4.15 have been lost
from the fibrillar contribution, possibly by-
linkage to_basic groqu on the sarcoplasmic
proteins. The over-all effect should be a loss
of 23 or 24 grou?s titrating in the alkaling
range. We actually observe a loss of ~15
roups with pK' 10.20, and it is possible that
e remainder are lost at more alkaline pH
values. These losses are, indeed, similar in
ma?mtude to those observed after the com-
mee qgagulatlon of notrrpalzglbrlls, Whlcg in Fig. 9. Plot of calculated numbers of titratable
e acid fegion amoun r nd in - 10 .
e alale egion t ~18 grotps atougn 405, 7, prme, coglges e st e
in the latter case the missing CarboXyl 9rouDS  yalue- (see Table 5). 0 valles from pA 560 10
must have become linked™ to hydroXyl or 180 taking pH 560 as the starting point: X values
basic groups, either on the same molectle or  from pH 560 to 1120, taking pH 560 as the
between molecules of the same protein type, starting point,

Found numbers of groups
3
o

w
o
T

"3

L
50 100 150
Number of titratable groups, calculated from table 5
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find after coagulation considerable shifts in
pK values that'are similar in kind, but not in
deqre,e, to those observed in coagulated nor-
mal fibrils.

. We may conclude that we have an example
in watery” meat_of a unique type of protein-
protein interaction, where the main fibrillar
Brotem, actomyosin, is in_the native form
ut has become covered with a layer of de-
natured ,sa,rcoFIasmlc Froteln that" is bound
to it sufficiently strongly to make it resistant
to extraction at high, ‘and to hydration at
low, ionic strengths. This_ change in the
structure of the muscle, unlike thé effect of
coagulation, leaves the titration constants of
the “combined proteins more or less unal-
tered, with the result that the isoelectric
point of waterY fibrils is the same or even
slightly lower than that of normal fibrils.
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APPENDIX

In collaboration with N. R. Kin?(, we obtained
samples of normal and watery pork muscle from
Danish Landrace pﬁs for histological examina-
tion in Cambridge. The accompanying plates illus-
trate the results. _

The samples of meat, excised from the lumbar
region of the longissimus dorsi muscle, were fixed
in"10% neutralized formol saline and embedded in
celloidin after dehydration. Longitudinal sections
were then cut, stained with Heiderhain iron hemo-
toxF}/Iln and differentiated in iron alum.

lates A and C show Ion?nudlnal sections of
normal and watery muscle af a magnification of
~300x. It is seen that the characteristic cross-
striations are uniform and clear in the normal
section, whereas in the section of watery muscle,
many heavily-staining dark bands of protein_lie
irre ularl)é across the fibers. The minimum width
of these bands is at least 6X that of the cross-
striations themselves, that is, at least 20 mg. They
are, however, entirely irreqular in pattern. “As we
see from the more highly magnified section (600X)
in plate D, the bands of protein seem to cover ong
muscle fiber in each case, and in some places small
bulges appear in the sarcolemma at the points
where the bands terminate. It will also be noted
that the cross-striations can still be distinguished
and are only sll?htly distorted, where they underlie
a dark band. It can be conqluded therefore, that
the basic muscle structure is still intact in the
watery meat,’ so that there is no evidence from
these “sections, or from many others like them,
that any degeneration had occurred in the muscle

during the life of the animal, as might perhaps
have Deen supposed from the name muskel-degener-
ation, given to the symptoms by Ludvigsen.

Although there is no positive way of proving
the point from histology alone, it is nevertheless
likely that the irregular dark bands are composed
of denatured sarcoplasmic proteins, and that they
are, in fact, the orllqm of the extra “fibrillar” pro-
tein of watery meat, which has been shown in the
previous paper to render the fibrils resistant to
extraction at ionic strengths normally sufficient
to extract actomyosin. Similar bands were reported
bi/_Lawrle el al. (1958) in meat with very low
ultimate pH. He interpreted these results to" mean
that the fibers had become internally disrupted,
which would indeed be the case if denaturation
of the sarcoplasm had occurred. Unlike some of
Lawrie’s sections, the present samples do not show
any kinking or waving of the fibers; on the con-
trary, they appear to run flat in the plane of the
section and in the plane perpendicular to it.

We may conclude that the main change in struc-
ture that characterizes waterfy pork is the deposi-
tion of denatured protein of sarcoplasmic origin,
in the form of dark-staining bands Iy|n% trans-
versely within the muscle-fibers. From the evi-
dence” of the previous %aper,_ this change occurs
only after the death of the animal—while its rigor
Ptocesses are reachmq completion—and can be at-
ributed to an_ unusually rapid production of lactic
acid, leading in its turn to a low pH value while
the meat is still at a high temperature, that is, to
conditions specially conducive to denaturation.
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- 3 w e ol - . i
Plates A,%anéi B. Lon%i dinal sections of normal pork longissimus dorsi mus
6.50), Magnified, respecti ElY, soox aNO eoox. n
. Platgs C and D, Longitudinal sections or watery pork (pH = ~ s.s0), magnified respec-
tively, 300x and 600x.

clé (pH = ~



The Effect of Sudden Cooling on the Respiration of Pea Tissue
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_ Thermal shock may he defined as an
|nAury to biological materials that occurs
when the materials are cooled rapidly_ to
a temperature near their freezing point with-
out the actual formation of icé cr%stals in
the tissue. A distinction should be made
between the terms “thermal shock” (or
“temperature shock”), which results from
the cooling of the tissue, and “physiological
cold injury,” which may occur when tissues
are exposed to low temperatures above freez-
ing for comparatively long periods. Both
of these phenomena "have "been considered
in the review bY Smith (1954), although
the same termino O%y has not been employed.
Thermal shock Nas been noted upon”the
cooling of a number of materials_including
sperm” (Birillo and Puhaljski, 1936), bac-
teria (Mayer, 1955), and human red blood
cells (Lovelock, 1954), but no report was
found " that describes the phenomenon in
a tissue of a higher form™ of plant such
as might he used for food. On' the other
hand, physiological cold injury has been ob-
served iri a number of foods (Smith 1954{)
where it occurs as an injury during cold
storage. No experiments have atfempted to
demonstrate alterations in respiratory ac-
tivity that could be interpreted as thermal
shock, using.a common food tissue, green
E)e_as, which”is not known to he sensitive to
his tyRe_ of injury. _
_Each instance of thermal shock previously
cited used a different measure of the detgree
of injury, since in each case the injury fook
a different external form. Studies of ‘sperm
have usually been based on measurement
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of motility of fertility (Smith, 1954), while
lysis was ‘measured in the case of red blood
cells (Lovelock, 1954) and viability in the
case of bacteria (Sherman and Cameron,
1934). While recent results indicating a
cold lability of certain enzymes (Pullman
et al, 1960; Raijman and Grisolia, 1961)
cannot be considered as evidence of thermal
shock at this level of organization, they
do encourage possible detection of thermal
shock_ using”a metabolic measurement. Cer-
tain tissues and_ cells, such as spermatozoa
liver, kidney, intestines, skin, and blood
Mann and” Lutwak-Mann, 1955: Ma%/er,
955: Sherman, 1959; Smith et al. 1956),
as well as bacteria (Mayer, 1955 : Sherman,
1950) and enzymes (Hultin, 1955), have
been studied for thermal shock with meta-
bolic techniques, the success varying with
the material studjed, o
_In a study of physiological cold mdur
in cucumbers, Eaks and” Morris (1956
found respiratory changes to be associated
with the Injury, and Appleman and Smith
(1936) reported alterations in respiratory
activity as a result of prolonged cold stor-
age of a number of ve%etablles. ,

On the basis of this literature it was
decided to examine respiratory activity in
Bea, tissues in the hope of deteCting a meta-
olic alteration that could be interpreted as
thermal shock,

Sherman (1959) wrote: “Although the
goal in food" preservation is not viability
ut palatability of foods after storage, the
approach in_construingmethods of preser-
vation of life by freezing could profitably
be applied to food. The following are some
of the considerations in such an approach:
(a) Some plant and animal cells are sensi-
tive to the phenomenon of temperature
shock, manifested in the deleterious effects
of rapid cooling above the freezing tempera-
ture. It is necessary to ascertain whether
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or not the material to be frozen is sensitive
and if so to attemﬁt to obviate this hy
slower cooling or with protective substances.
It would be futile to attempt preservation
by freezing if cells were injured even before
fieezing femperatures were reached,

The rdte of cooling during ice formation
IS also a vital facfor. Slower rates have
been more beneficial to some cells and tis-
sues, faster rates to others. Each type of
material should be evaluated as to its dptimal
rate rather than accepting that found suc-
cessful with other material. The possible
beneficial role of protective substances
should also be explored, éc)b Once desirable
rates of cooling above and below the freez-
ing temlperature are found experimentally
the final temperature reached ‘i examined
as to effect, since the tolerated minimum
temperature may also vary from. sub-
stance to substarice. The factor of time at
this temperature naturally follows in con-
sideration of effects during storage, &d)
Finally, the rate of rewarming from the
frozen state during dissolution™of ice has
often proved critical. Techniques employed
in the approach may include macroscopic
and microscopic observations on structural
alterations, chemical and biochemical anal-
ysis, termograph recording .of temperature
Changes, various phgsllologlcal_a_nd cyto-
chemical tests of viability and injury, and
freeze-drymg for study “of ice formation,
among others.

MATERIALS AND METHODS

Experimental materials. The test material was
?reen peas (Pisum sativum) of the variety Per-
ected * Wales, generously supplied by Dr. D.
Hagedorn, of the Derpartment of Plant” Pathology
of the. University of Wisconsin. No sudden or
appreciable changes in temperature were allowed
to occur during their growth in a greenhouse. The
Feas were harvested at a stage of maturity at which
heF}/ were judged suitable for use as food.

reparation”of samples. The peas were prei)_a[ed
for measurement of respiratory activity l_er.s icing
them into sections about 40 in. thick. This was
done with a series of double-edged razor blades
spaced equally with metal washers and held to-
ether as a Unit by bolts through the centers of
the washers and blades. Thirty fo sixty grams of
peas were éjrepared for each experiment, and the
slices mixed to promote uniformity. Samples were
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about 1 g each, wellghed to the nearest 0.005 g
on an analytical balance. Variations in weight
were corrected in the calculations. _

Pretreatment of peas. In some experiments,

Feas were pretreated in an attempt to sensitize
hem to thermal shock, using a method similar
to that of Lovelock (1954)." Five ml of 1.0M
sodium chloride solution was added to the sample
in the reaction vessel, and the peas were allowed
to soak 30 min at room temperature. The sodium
chloride solution was then decanted, the peas
were rinsed with 2 ml of distilled water, and
further treatments were applied as in all other
£ases.
CooIm% of peas. A number of methods were used
to cool the Feas to a temperature near 0°C in
an attempt to induce a measurable respiratory
change. When no pretreatment was used, the Eeas
were chilled by placm? them in a cooler kept
at about 0°C |mmed|aeIY after the peas were
sliced. The temperature at the center of the slice
was measured with imbedded thermocouples. After
reachmg a temperature of 2-3°C (less than 5 min
required), the slices were immediately returned to
room temperature for wel?hmg and "measurement
of respiratory activity. Mu t|PIe cooImP treatments
were applied by repetition of the cooling cycle.

In, some cases ﬁeas were cooled in their pods by
placm%them in the cooler for about 10 min. They
were then returned to room temperature for slicing,
welghmg, and measurement of respiratory activity,
When desired, the C00|Inﬁ process was repeated
before removal of the shell.

In one experiment, shelled and unshelled peas
were exposed to about 0° for Ferlods up to 24 and
48 hours, respectively. Samples were withdrawn
at various times and ‘sliced and weighed for meas-
urement of respiratory activity.

When pretreatment was used the peas were
cooled in their reaction vessels after slicing and
weighing. The vessels containing the samples were
placed in an ice-water bath to cool and returned to
foom temperature by placing them in a water
bath at 25°. Multiple cooling treatments were ap-
plied by repetition of the cycle.

Measurement of respiratory activity. The evo-
|ution of carbon dioxide and the uptake of oxygen
were measured in the Warburg respirometer
(Umbreit et al, 1957). Vessels of about 15 ml
capacity were used, and the temperature was
maintained thermostatically at 25° in all ex-
periments where temperature was not the vari-
able. Each flask contained 2 ml of distilled water
in addition to 1 g of experimental material. Buffer
was found to be unnecessary since pH remained
nearly constant at 6.2-6.3. The evolution of carbon
dioxide in an atmosphere of nitrogen was deter-
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Table 1. Summary of respiratory measurements on replicate samples of pea tissue.

. Carbon dio

Oxygen Carbon diox- 3 F rf

S it i Doy il
i 240 232 150 1.04
2 204 267 161 1.20
3 233 239 139 1.07
4 242 248 111
5 197 244 1.09

Median 233 244 150 1.09

Av. 223 246 150 1.10

Std. deviation 18.8 118 9.0 0.054

aRespiratory quotient values calculated using average oxygen uptake value and individual

carbon dioxide ‘evolution values.

mined after flushing the vessels with nitrogen for
15 min.

The effect of temperature on the respiratory
activity of pea slices was measured. The tem-
peratures, 0, 5, 10, 15 20, 25, 30, 35, and 50c,
were maintained thermostatically. All calculations
are expressed as gas volume exchanged at standard
temperature and pressure per gram of experimental
material.

RESULTS AND DISCUSSION

Rehlrcatton of data, A %)bfal }Segh?){/v P”Eﬂ

servations Is gresented in
ordinary variation between samples. Fro

these and many similar results average
variations of less than 10% of the control
value were considered to he of doubtful
srgnrfrcance The gata presented in all other
tables and |n the flgures represent the aver-
age of 2-6 determinations.

Fi sprrator activity of peas cooled after
she Diratory” acti tres were meas
ured |n uncoole peas and eas cooled
ong, two, and three times to temperatures
near 0°. The results are summarized In
Table 2

Comparison of the data reveals no in-
dication of an alteration n respiratory rates,

the observed differences being accounted for
by experimental varjation, Repetition of the
cooling treatment did not produce an addi-
tive erfect, as would be expected in the
occurrenceto thermat sh%)ck e bef
espiratory activity of peas cooled before
sh eFi g ‘hé/ resprratorypactrvrtres o? peas
cooled in their shells and of uncooled peas
Wwere measured. The data (Table 3
icate no reiprratory changes |nd|oat|ve of
terma sto ity of pretreted
Respiratory activity of pretreated peas.
Respr atory Xotrvrty h/as rh)easurede mp
slices retreated I an attemgt to sensi ze
them fo thermal shock. Table 4 shows h
respiratory activity of uncgoled Eeas and of
peas cooled one, two, and three times,
The observed differences n respiratory-
rates can aglarn be accounted for. by normal
8errmenta varratrri _Repetition of the
ling process resylts in an a&parent re-
actron opposite to that whrch Seems to re-
sult from a single cooling, This result 1s
In contrast to that observeq in the hemoly-
sis of red blood cells §Hultrn J

SHEleh el pes e el 3

Table 2. Respiratory activity of peas cooled after shelling.

Oxyagen Carbon  digxide Carbon ,dioxide .
sample e i RN Repion
Control 226 318 190 1.40
Cooled once 224 329 178 1.46
Cooled twice 248 366 193 1.47
Cooled three times 225 321 214 143
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Table 3. Respiratory activity of peas cooled in the shells.

Carbon dlgmde

Oxygen Carb n dIO ide
sang il b SRS Ry
Control 245 333 186 1.37
Cooled 226 296 180 1.32

0 and 25° for perlods up to 48 and 24
hours, resp ectlvesy Samples were  with-
drawn at intervals,_and the respiratory ac-
t|V|E/ measured. The data are illustrated

No aIteratlon in respiratory activity in-
dlcatlve of thermal shock  or” physioldgical
lury IS apparent in these results.

Wlth all samples, a significant drop in res-

400] T T T T T L

Unshelled,O"Storage——\

3001 ¥

o

~ - . -

~- Unshelled, 25° Storagej
\\ \\k

100 Shelled,25° Storuge-f .

CO, Evolved (ul/ gm. hr)
n
3
T
4

1 L | | |
] 12 24 36

\ _
Time Stored (hrs.)

Fig. 1 kespiratory activity of peas stored at

25 and 0

erator activity occurs within the first 15
r, and then the curves begin {0 d|vere
The only effect then apparént is that
rate of “change In resglrator){ activity |s
slower |n peas stored han in Peas
store at The shﬁht Increase (follow-

the |n| |a rop respiratory activity
f geas stored at the lower temperature is
In agreement with the results of Appleman
and “Smith (1936).

Effect of temperature on respiratory
activity. The effect of temperature on the
respirdtory activity of
ured. The evolution of carbon dioxide In
both air and nitrogen Is seen_ In Fig. 2 to

|ve a linear Iot of log act|V|ty Vs, 1T

.. COITesp on mtg |n each case to an
actlvatl?n energ about 12,300 calories
Per mole, or a l Such a lingar
esponse would be expected of a reaction

ea slices was meas-

30

T T T T T !

€O, "Evolved in Air’

Il 1 1 1 1

. -
d ~
. ‘~\
s R
A\ '
B B
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Log Volume of Gas Exchanged
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I / \‘\ A\\
€O, Evolved in N o
k- z \~ —
1 1 ! ! 1 1
10 3 33 35 37
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Fig. 2. Effect of temperature on the respiratory
activity of pea slices.

controlled by one enzklme or enzymes with
similar energies, of activation,

The uptake of oxygen, on the other hand,
does no glve a_linear Plot This may he
taken as an indication that the process IS
not limited by enzymic action, or that more
than one enzyme W|th different energies of
activation, 1 |nvo |ved. Seearate identical
experiments with a second arlety of peas,
Charter %ave the same result,

Fig. 3 Shows the varlatlon |n resplrato
suotlent of RQ gvolume of COo evolved/
olume of 02 Consumed) with temperature.
[t can be seen that great v fiations In the
resglratory activity o¢cyr as the temperature

ltered; This Vvariation cannot be taken

RQ

Temperature (°C)

FiP' 3. Effect of temperature on the respiratory
quotfent.
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Table 4. Respiratory activity of pretreated peas.

Ox&gﬁen %\/%%?% Respifator
Sample (i?ﬂfg er? (i\ﬁg-%r) qlPo(lenty
Control 150 275 1.82
Cooled once 148 250 1.68
Cooled three

times 165 285 1.72

as ail indication of thermal shock, however,
since the alteration In respiratory aCtIVIt?/
could not be demonstrated {0 he Permanen .
The method of detectl_n% thermal shock by
respiratory activity might not be suited 1o
P_ea tissue; although It s suitable for certain
Issues, yet mactoscopic and. microscopic
observations also failed to indicate thermal
shock.
CONCLUSIONS

None of the experiments indicated thermal
shock or short-term lahysmloglcal cold in-
{,ury of pea tissue. NO' permanent altera-
lons In “respiratory activity could be at-
tributed to cooling. ~Macroscopic and, micro-
scopic ohservations also failed fo indicate
the[)ma’ shock, so that this phenomenon
probably does not occur in pea tissue.
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SUMMARY

Volatile compounds in the aroma of five varieties of roasted and unroasted
(raw) cocoa beans have been identified by mass spectral analysis and gas
chromatography. The five common varieties selected for this study all contain
the following compounds usually in this order of abundance: isovaleraldehyde,
isobutyraldéhyde, propionaldéhyde, methyl alcohol, acetaldehyde, methyl ace-

tate, n-butvraldehyde, and diacetyl.
in smaller amounts.

bean aroma contains the same components but in lower concentrations.

An

additional eight compounds appear

As evidenced by gas chromatographic analysis, the raw

The

principal differences between varieties are shown to be due to the ratios of these

compounds rather than new compoun

ds.

The effect of roasting period on the

concentration of four aldehydes in the aroma of the ground bean is shown.

Roelofsen (1958), in reviewing mforma
tion on the fermentation, dryln% and storage
of cocoa heans, wrote that the “chocolate
flavor and oclor develotc)ed on roastln? IS by
far the most important characteristic of cocoa
beans.” A search of the literature has re-
vealed that the volatile comPonents of the
roasted cocoa bean have not been studled
extensively.

Of the” compounds previously identified
In c0coa, few may be considered to be suffi-

mentlg/ volatile fo he ?SSﬂCIated V\Q the
aroma ¢ aracterlstlcs of the roasted hean.
a-Linajoo] (Bainbridge angd Davies, 1912)

the principal component of the essential ol
In Ecuadorian cocoa pean . (Arriba), Is a
Clo carbon ester Theobromlne 37 dlmeth
xanth [ene, Wlt an mrP ﬂ
changes Very little duri gt e roastln DTOC
8ss (%hatt 1953), was Once believed 't de-
"Present address: Walter Baker Chocolate Co.,
General Foods Corp., Dorchester, Mass. Work
initiated during active duty training under U. S.
Army Reserve Program.
bPresent address: Central Institute for Nutri-
tion and Food Research, T.N.O., Utrecht, The

Netherlands. NAS-NRC Visiting Scientist at the
QM R&E Center from December 1959-April 1961.
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velop an aroma suggestive of chocolate, but
this view 15 no longer held (Forsyh and
Rombonts, 1956ab At Ieas nine 0I
nols were s arat na |dent| |ed tw

. These aremoecues ave
Deen supgo ed 0 be the precursors of arom
In tea, corfee, and cocoa. Organic amds
known to occur In coc% a bean are we rec-
ognized in_ labeling beans accord mq to
aCidity astnnﬁenc?/ and bitterness. EXTrac-
tion of }/ enols and orqanlc acids from
the unroasted bean [preven evelopment
0 thefavor on roasting (Roelofsen, 1953).
%pacement of the extracted compouns

t restore the characteristic aroma.

?wever had these components been them-
selves carried through ‘the roasting step,
aroma enhancement mlght have occurred.

ermented and unfermented beans were
shown by Maly (1955) to contain the amino
aclds, asp iartlc and Rlutamlc aclds, alanine,
cystelne eucine, sering, threomine, methio-
n|ne and agqme

gse volat ecom onents in foco which
hav% een tudled inclu (eglacet and acetyl-
methyl carbinol regorte y Schmalfuss and
Barthmeyer 93% Schmalfuss anF
Rethorn he presence of methyl
ethyl, isobutyl, isoamyl, and dimethyl amine
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have been observed |n cocoa owder
WeurtrlnanMaHd (1958) ty d th ere
[ecen onr studied the"composi-
tion of chocolate argmia ané1 pubﬁlsheﬁ itial
results on the gas chromatography o choco-
ate conching. ohr observed 3com ounds
y(I;ascrmato p%/ mtesovnt ex-
tract_of the concmed bean, but none were
identified. The low order of concentration
of the aroma components did not permit use
of a direct sampling technique. In the pres-
ont ftud direct aroma sam Img of the
reshly ground bean was used extensively,
thus permitting an examination of the cocoa
bean ‘aroma I g manner comg eteg analo-
gous fo perception by the nose there
IS 1o loss of ¢ mponents or change n ratjos
hetween comﬁonents taking glace In this
direct samgl g techm(r]ue a oceur
when concentration 1s re uwed T IS tg e
of gas chromatogra hic anay3|s has ec
Possmle through™ new, very “sensitive etec
ors, and in thls study the /1- ra¥ jonization
Y e was used. For purposes of Identifica-

n, analysis by masss ecéromet Was used
N accor ance Wlt n? cedures, ysed In the
stotdyto VO atle components of food (Mer-
ritt et al,

EXPERIMENTAL

Sample. In order to study a practical method
for the evaluation of aroma composition, some
representative types of cocoa heans (Theobroma
€acao L.) were selected that are well recognized
in the chocolate industry for their particular
characteristics. The following types of cocoa heans
were used: Accra, a basic strong chocolate flavor,
lacking the undeswable astringency and bitterness
found in poorer-flavor varieties; Arriba, recog-
nized by its unique and very perfumy aromatic
character, though it generallé has a moderate
astringency and hitterness; Bahia, a relatively
acid type of flavor, which has a basic chocolate
taste but little or no aromatic quality; Sanchez,
generally a harsh, spicy type of flavor that is
masked by strong astringency and bitterness unless
the beans are well-fermented; Trinidad, with a
strong basic chocolate character similar to that
found in Accra, and a typical “winey” type of
aromatic flavor that is not found in other varieties.

The above are average characterizations. Ac-
tually, ranges of variation are wide from crop
to crop and from bag to hag within a single ship-
ment. This is caused by the difficulties in keeping
the processing of the beans in the field under close

VOLATILES IN COCOA BEANS

control. Fermentation followed by air drying to
a 5-7% moisture content is accomplished in the
area in which the bean is grown.

The roasting process, which brings out the
characteristic flavor of the cocoa bean, takes place
in the chocolate manufacturer’s plant. The final
moisture content is of the order of 1.5-2.5%. The
sample was roasted by placing the whole bean in
a circulating hot air oven at 300°F. Unless other-
wise indicated, the roasting period was 30 min.

Because of known differences within a given
variety of bean due to curing operations, several
samples were taken from each of six different
commercial lots of the Accra variety. A compari-
son of the aroma composition of these samples
showed only minor differences, which were in part
due to limitations of the analytical method. For
the other varieties two commercial lots from which
several samples were selected were considered
adequate.

Thirty grams of the roasted or unroasted (rawr)
bean were ground in a small laboratory blender
and immediately placed in a 250-ml Erlenmeyer
flask covered with a rubber serum cap. After 2
hr at room temperature to reach equilibrium, sam-
ples ranging from 1 to 5 ml of headspace over
the samples were removed by glass syringe and
introduced to the gas chromatography instrument.
Initially, freezing and grinding with dry ice were
used to prevent possible loss of heat-labile com-
pounds or alteration in the ratio of volatile com-
pounds. It was later found that this was not re-
quired, and, further, that excessive carbon dioxide
in the headspace reduced the amount of cocoa bean
volatiles in the sample taken for analysis. In the
experiments below, only the first-mentioned method
of preparing the samples was used.

Gas chromatographic analysis. Vapor samples
from the headspace over the ground material were
introduced into a Pye-Argon gas chromatograph
equipped with a 20-mc strontium-90 ionization
detector.

The 120-cm X 4-mm column was packed with
10% di-ji-decyl-phthalate on firebrick. A flow of
95 ml/min of argon at a column temperature of
50°C was the standard experimental condition
employed. Different column materials, at lower
and higher temperatures and different flow rates,
had been explored, and the above conditions se-
lected for optimum results. A temperature pro-
grammed run from approx 5 to 75°C provided a
greater separation of components, but with no
increase in the number of peaks over those ob-
served under isothermal conditions. When infor-
mation on the identity had become available from
mass spectrometric analysis, small quantities of
the pure reference compound were added to the
vapor of the cocoa hean samples to locate the
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position of the compound on the chromatograph.
The increase, without distortion, of the unknown
peak by the known compound provided further
confirmation. The latter method was found to be
of considerable value because of its very great
sensitivity. _

Mass Spectral analysis. The mass spectral tech-
nique employed has been described (Bazinet and
Merritt, 1959). Approx IxI0"6 moles of the vapor
was transferred to a sampling bottle by high-
vacuum low-temperature condensation. The gase-
ous sample was then fractionated directly into a
Consolidated Engineering Model 21-103C Ana-
Iytical Mass Spectrometer at low temperature and
high vacuum. Separated components were identi-
fied by comparison of the fragmentation pattern
with those of known compounds.

RESULTS

Fig. 1 shows a gas chromatogram of the vola-
tile components released from a typical sample of
roasted ground cocoa hean. Resolved peaks, identi-
fied by the methods described, are correspondingly
labeled. Other varieties, as is subsequently shown,
give quite similar gas chromatographic patterns.
Table 1 shows the mass spectral analysis giving
the mole percent computed on a water- and carbon-
dioxide-free basis for a typical roasted sample.
The base line of the chromatogram of Fig. 1 indi-
cates compounds identified from mass spectral evi-
dence but present in quantities too small for reso-
lution by gas chromatography.

The several samples from a given lot and sev-
eral lots of a given variety gave very reproducible

Isobutyraldehyde
Isovaleraldehyde

Propionaldehyde

Carbon Dioxide

Acetaldehyde

[ === Methyl Acelate

n-Butyraldehyde

Diacetyl

l Toluene

1
Methyl Benzene Methanol
Furon

Furan

Dimethyl sulfide Dimethyl disulfide

Fig. 1. Gas chromatogram of the volatile com-
ponents of roasted ground cocoa. Typical chro-
matogram with peaks identified from™ mass spec-
tral data and pure reference compounds.
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Table 1. Mass spectral analysis of roasted Bahia
cocoa hean vapor.

Mole %
Isovaleraldehyde 42,0
Isobutyraldéhyde 15.4
Propionaldehyde 13.0
Methyl alcohol 9.1
Acetaldehyde 7.0
Methyl acetate 6.3
n-Butyraldehyde 30
Diacetyl 2.8
Dimethyl sulfide 0.3
Dimethyl disulfide 0.2
Ethyl alcohol 0.2
Furan 0.2
Toluene 0.1
Benzene 01
Methyl furan Trace
Acetone Trace
results. Slight changes in the ratios of certain

components were observed in some cases during
reproducibility studies. Since the beans are an
agricultural product it is not unusual to find such
variation as a result of soil conditions, maturity
differences, and variations in processing.

It was also considered to be of some interest
to determine the effect of storage on a single lot
of roasted cocoa beans. A sample held 4 months
at room temperature was compared to an identical
sample held 4 months at —15°C. The resulting
gas chromatograms showed no significant differ-
ences.

In the chromatograms of the roasted samples,
isovaleraldehyde (3-methyl butanal) is the most
pronounced component in the varieties studied.
The next major component is isobutyraldéhyde,
with propionaldéhyde and acetaldehyde completing
the four major aldehydes in the vapors of the
roasted bean.

Five varieties of cocoa bean, raw, are compared
in Figs. 2, 3, and 4. The importance of roasting

]

Bahia-Roasted

Sanchez-Roasted

v

Sanchez- Raw

‘L-/\A—\/; JMA

\4
Fig. 2. Gas chromatograms of the volatile com-
ponents of ground Sanchez and Bahia varieties,
roasted and faw.
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Trinidad- Roasted Arriba-Roasted

Trinidad- Raw Arriba-Raw
M S IM
Fig. 3

Gas chromato_gram of volatile com-
Bonents of ground Trinidad and Arriba cocoa
eans, roasted and raw.

to enhancement of volatile components is observed
in all varieties. A few of the minor components
are not detectable in the raw bean.

The chromatograms of the unroasted Sanchez,
Trinidad, Arriba, and Accra samples are very
similar with respect to the relative amounts of
three major components and a number of minor
components. The Bahia variety, in both the raw
and roasted samples, has a much higher relative
amount of methyl acetate than do the other four
varieties. These same five varieties cvere directly
compared by measuring the peak areas of the
four major aldehydes in chromatograms in which
sample and sensitivity of the instrument permitted
all peaks to be retained on the chart paper. The
Accra roasted sample gave the largest total area
for these four compounds, with the Bahia next and
the Arriba the least. The Arriba cocoa bean is
generally considered as having a high aromatic

Accra-Roasted

Accra-Raw

|

Fig. 4. Gas chromatograms of the volatile com-
ponents of ground Accra cocoa bean, roasted and
raw.
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character, but this does not appear to be associated
with the volatile components compared in this
study.

Fig. S shows the effect of roasting period on
the release of aldehydes. The peak heights of
isovaleraldehyde, isobutyraldéhyde, propionaldé-
hyde, and acetaldehyde for roasting periods of 20,
30, 40, and 50 min are compared to another sam-
ple of the same lot that was not roasted. The
release of higher aldehydes is markedly increased
by 20 min of roasting. The propionaldéhyde and
acetaldehyde are not significantly affected by the
roasting process. Roasting times of 30 and 40 min

Isovaleraldehyde

Peak

Height Isobutyraldehyde

Propionaldehyde

0 - - Acetaldehyde
Omin 20 30 40 5‘0 - Roasting at 300°F
Change of gas chromatogram peak

Fig. 5.
heigﬁts of four volatile components wi?h roasting
period.

gave no significant increase over the 20-min
roasting. Increased roasting time of 50 min, how-
ever, does appear to increase the release of the
two higher aldehydes. From a flavor standpoint
there was a preference by tasters for the 40- and
50-min samples, with five preferring the 40-min
sample and three preferring the 50-min samples.
One taster indicated no preference.

To obtain a general impression of the actual
amounts of material represented by the chromato-
graphic peaks, the amount of isovaleraldehyde in
the chromatograms shown has been estimated by
taking aliquot vapor samples from a 5.0-L spherical
glass vessel in which gl amounts of the aldehyde
were introduced. The quantity of aldehyde used
permitted complete vaporization. It was therefore
possible by taking out small gaseous samples to
estimate rather accurately the quantity of isovaler-
aldehyde associated with a given peak height. At
a detector voltage of 1750 V, a sensitivity of 1/3
maximum, and a flow rate of 95 ml/min on 109
di-n-decyl-phthalate, peaks covering the range of
a 24-cm recording chart paper correspond to
amounts up to 13 ug or 1.5xI0~s moles. In the
chromatograms of Figs. 2, 3, and 4 the quantity
of isovaleraldehyde is, therefore, of the order of
2 to 3x10"8 moles.
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The threshold perception of isovaleraldehyde
was determined by sniffing dilute aqueous solutions
of the aldehyde. Molal concentrations of 9.3X10%3
4.6X10"4 and 2.3xI(TB respectively gave strong,
faint, and very faint but detectable odor of the
aldehyde. The same size of Erlenmeyer flask was
used in this odor threshold study as was used in
the sampling of ground cocoa beans; in this way,
the headspace sampling may be considered analo-
gous. This has given some indication of the levels
of odor threshold perception, and the amount of
isovaleraldehyde associated with the peak heights
observed in the cocoa samples.

[t then was considered desirable to see if the
compounds responsible for the chromatogram, as
shown in Fig. 1, could be related to the fresh
aroma of the ground roasted cocoa hean. From
previous chromatographic runs, the time required
for elution at room temperature was determined
precisely. A 20-ml headspace sample was then
introduced, with the column disconnected to pre-
vent overloading of the detector and to facilitate
trapping. The volatile compounds were trapped
at dry-ice temperature in a sand-filled spiral glass
trap. Upon completion of trapping the trap was
allowed to come to room temperature and the
contents gently flushed out. The aroma emerging
from the trap was found to be characteristic of
the cocoa hean and essentially the same as the
headspace sample introduced. The compounds iden-
tified, therefore, appear to be of importance in
characterization of the roasted cocoa bean aroma.

To what extent these volatile components may
continue to be observed in the next step of the
chocolate manufacturing process, was determined
by gas chromatographic analysis of a sample of

A
G
Chocolate Liquor
B
H
c E

Fig. 6. Gas chromatogram of the volatile com-
ponents of chocolate liquor.

chocolate liqguor. This sample, prepared from
Bahia roasted cocoa beans, was the same sample
given the 30-min roast in the roasting-period study.
The gas chromatogram of the headspace sample
is shown in Fig. 6. Peak A does not appear in
the roasted or raw samples. Peak B corresponds
to acetaldehyde, C to propionaldéhyde, D to methyl
acetate, E to isobutyraldéhyde ; F and G are new ;
and H corresponds to isovaleraldehyde. The con-
ditions for the analysis represented in this chro-
matogram correspond to conditions for the analy-
sis resulting in the chromatograms of Figs. 1, 2,
3, and 4. The quantity of the volatile components
is therefore markedly reduced in the formation of
the chocolate liguor. A more detailed study is
necessary to determine the aroma composition of
the liguor. The chromatogram shown for the
liquor would indicate the usefulness of this tech-
nique for such additional studies.

DISCUSSION AND CONCLUSIONS

. The aroma composition of these five varie-
%les of roasted and raw cocoa hean was
ound to be very similar, The major differ-
ences were obsérved In the amounits of each
component as shown by the gas chromato-
grams. A much Iar?er concentration of
met_h}ll acgtatebv¥as IdOHng in the Bathga
variely, and w-butyraldehyde was present In
the Qlama and A¥rlba_gean to % greater
extent than In other varieties.

s generally recognized that fermenta-
tion produces a’rapid_breakdown of protein
to_produce soluble nitrogen such as amino
acids (Becker and Stefling, 1952). The
amino_acids thys formed, through processes
of_omd(ftlon, ?eamlnatlon, and” decarboxy-
[ation quring fermentation and on_ drying,
madv well serve as _recurs(?rs to the alde-
nydes reported in this study, The general
réaction Tor these processes, first e?a lished
by Strecker 1n 1861, 15 given as follows:

(0) H.0
RCH —COOH R—-C—COOH >
| I (—NH))
NIE NH
(-coo

R-C-COOQOH > RC-H

The occurrence of isovaleraldehyde in cocoa
Pean, as _regorted In this study, may come
rom’ leucing through these reactions. Jack-
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son and Morgan . (1954) attributed the
malty aroma i dairy products o the con-
version of leucine, fo |sovaleraldeh de b
Streptococcus . Iactls var, matt enes ?/
similar reasonlngte resenceo |sobut ra
dehyde and_other aldehydes reported here

may be attributed to S|m|Iar reactions, Fur-
ther studies. are indicated to substantiate
t 'ho%kétfdva“(’” F increases the amount
of isoval ra?deh (?e an |so%ut raldehyde,
the most pronounced effect occurnn after
20 min at this temperature. Roasting peri-
00s ?f 30, 40, and" 50 min gave somewhat
smaller ‘Increases. [n this Connection  the
Prolonged heating at the elevated tempera-
Ure might be expected to result In the Ioss
of the m?re V0 atlle componentf The failure
of acetaldehyde and esser extent,
proplonaldehyde to show increased amoupts
on roasting ‘may be accounted for in this

tlt remains as a future problem to attempt
reconstitution of a cocoa aroma from these
components as well as to fortify substandard
beans with some of these to determine If ac-
ceptable aroma enhancement can be achieved,

While some ewdenee has been presented
%r the |mFortance of these comEPounds In
chocolate liquor, a qreater attention must
given to this' problem. The heating and
?rlndlng in the process of preparing t

%uor would be expected to result in the
loss of the. more volatile components.

Finally it may be concluded that analytical
techniques are “now available for the Stuay
of fresh and processed, foods in_small quanti-
ties without ‘the requirement for extraction
and concentration of voIatlle C0 ntltonents

ermits an asses?mento arﬂ
Rosm ntd egree of reliability heretofore
ot possible
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SUM

MARY

The carotenoids have heen examined in the peel and pulp (the edible

portion) The

cryptoxanthin,

of Meyer lemons.

stances, including cryptoxanthin mono-

principal carotenoid
The peel carotenoids included a number of unusual sub-

in the pulp was

and diepoxides and fractions tentatively

identified as hydroxy derivatives of phytoene, phytofluene, and zeta-carotene.

An unusual polyene was also found.

Apparently it contains two allylic

hydroxyl groups, one of which is allylic to the conjugated double bond

system.

The carotenoids of Valencia oranges, both
Beel and pulp (the. edible portion), have
een investigated in considerable’ detail
Curl, 1953;"Curl and Bailey, 1954, 1955,
956). The carotenojds of Ruby Red grape-
fruit " (Curl_and Bailey, 1957a), tangerines
Curl and Balle,Y, 195 b{ and navel oranges
Curl and_Bailey, 1961) have also béen
reported.  The présent paper ref)orts a study
of the carotenoids of Meyer lemons. The
peel was found to be a rdther good source
of a number of unusual carotenoids, includ-
|n% cryptoxanthin mono- and diepoxides and
substances tentatively identified as mono-
hydroxy derivatives “of phytoene, phytoflu-
ene, and zeta-carotene.

EXPERIMENTAL

The Meyer lemons used were grown in El
Cerrito, California. The fruit selected had orange-
yellow peels. The pulp and peel were extracted
separately: 1000 g of pulp and three lots of peel
of 500, 1800, and 1100 g.

The pulp in 200-g batches was blended with 300
ml of water containing 12 g of magnesium car-
bonate. Filter aid (Celite 545; no endorsement
implied in product identifications), 10% of the
weight of the pulp, was added, and the mixture
filtered on a Buchner funnel precoated with filter
aid. The filter cake was worked up as previously

aA laboratory of the Western Utilization Re-
search and Development Division, Agricultural
Research Service, U. S. Department of Agricul-
ture.

described by Curl and Bailey (1959a), with one
modification. After evaporation of the acetone from
the acetone extract, the residue was transferred
to a separatory funnel with water and ether,
and €a. 2 g of sodium chloride and methanol (Ca.
10% of the volume of the aqueous solution) were
added. Addition of methanol results in cleaner and
much more rapid separations in the ether extrac-
tion. The extract was saponified (Curl and Bailey
1959a) in a one-phase system of ether and 20%
potassium hydroxide in methanol.

The peels, in 100-g batches, were blended with
400 ml of water containing about 2 g of magnesium
carbonate. Filter aid (about 20% by weight of
the peels) was added, and the mixture worked up
in the same manner as the pulp.

Both saponified extracts were subjected to
100-transfer countercurrent distribution runs in
a Craig apparatus with solvent system | (hexane-
99% methanol, 1.8 to 1 by volume), in order to
separate the carotenoids into (a) hydrocarbons,
(b) monols, and (c) diols and polyols (Curl,
1953). The distribution curve for peel carotenoids
indicated a more complex mixture, so a second
run was made, with 200 transfers, using system I.

The diol-polyol fractions obtained with system |
were further fractionated by a second 100-transfer
countercurrent distribution run with solvent system
IVa (hexane-75% methanol, 1:1 v/v) ; the latter
system is similar to the previously described sys-
tem 1V (hexane-73V2% methanol, Curl, 1960b).
The contents of each tube were diluted with acetone
to 50 ml, and the color measured in an Evelyn
photoelectric colorimeter using filter 440.

The fractions were chromatographed on col-
umns of magnesia (Westvaco Sea Sorb 43, 12 by
ca. 80 mm without a diluent), using the same series
of graded eluants described by Curl and Bailey
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(1959b) for use with magnesia 2642 (diluted with
an equal volume of filter aid). Spectrophotometric
data were obtained with a Cary recording spectro-
photometer model 14.

RESULTS AND DISCUSSION

The cargtenoid contents of drhe bpulp and
Eeel were found to be 2
beta-carotene). These val ues are
much Iower than those obtarned wrth Valen-
cia oranges—24 pu {) and peel,
resgectrvely CurI and Barle 956
ountercurrent drstrrbutron The frac-
tional compositions of the carotenord _mjx-
tures of the peel and pulp are given in Table
1 as well as the Nilo values “(tube number
of. maximum per 100 transfers)n obtained
wrth s stems | and IVa. In bot peel and
#J P th ere Was an. unusual ?/ ercentag
nonols (Including epoxd higher th
In any fruit prevrousy reported. In other
frurts sych as Va encra ora Fge neel (
Bare - RU ;{ rape rurt
curl’ an are 957a), angerrne
Curl_ and Barle 1957h), and” cling
peaches (Curl and " Bailey, 19 9b), minor
maxima with Nitb values of ca 38 were
obtained with system 1. They were attrip-
uted to the presence of monoepoxide monols.
In_the Meyer lemon puIP there. was a minor
Inflection In this vicinity, which was  esti-
mated to be 7% of theé total carotenoids.
In"a 100-transter run of the peel carotenoids

THE CAROTENOIDS OF MEYER LEMONS

with_system | there was an_unusually broad
maxinfum with N0ovalue of 52 and a;smaller
maximum  at Nroo of 32, hoth unlike any
Prevrously found. In_a 200-transfer rur,
here were three maxima with Nioo values
[, and 3l (Frg e first Is
Close b that ?f cryptoxanthin 6) hut the
other two differ ffom any found previously.
With system [Va the carotenoid  diol-
PO ol fraction was cleanly separated info
our fractions in 100 transfers, more cIeanIy
than in 200 transfers with system [l
ane-benzene-87% methanol; Curl 1 53)
The Nioo values (Table 1) of these four

400

14G. GAROTENOIDS (os B ~CAROTENE)

o 80 120
TUBE NUMBER

Fig. 1. Countercurrent distribution of Meyer
lemon peel carotenoids in system | (hexane-99%
methanol).

Table 1. Fractional composition of carotenoid mixtures from peel and pulp of Meyer lemon

as determined by countercurrent distribution.

Composition (%)

Fraction Fed
Hydrocarbon (1) 7
Monol (11 or 1A) 18
Monoepoxide monol (I1B) 28
Diepoxide monol (I1C) 8
Diol-polyol (I11) 39
Diol (I11A) 6
Monoepoxide diol (I11B) 3
Diepoxide diol (I11C) 26
Polyol (IV) 4

maxima
Pulp Peel Pulp
(System 1)
9 90 9
51 55 57
(7)b 47 (ca 38)c
K|
33 7 5
(System 1Va)
6 7 76
5 45 45
18 17 16
3 2 1

aNmo is the tube number of maximum per 100 transfers.

¢ Inflection, estimated.

6ApFroxrmate value based on inflection at N»0of ca. 38.
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Table 2. Composition of hydrocarbon carotenoid fraction from Meyer lemons.

Speotral absorptron

Percentage composition a

Constituent mf exade) Peel Pulp
Phytoene (287),285,273b 57 A
Phytofluene 367,348,331¢c 22 20
alpha-Carotene 471,443 417D 05
beta-Carotene 476,449, (427) b 2 16
zeta-Carotene 424,399,378 ¢ 20 32

Values in parentheses are for shoulders or humps on spectral absorption curves.
1 Calculated from sum of absorbances at principal maximum on Cary spectrophotometer curve

for each constrtuent
bErom pulp.
cFrom peel.

fractions were very close to those. gbtained

wrth the xanthophyIIs of orange juice and

o crn [%eaches indicating they “consisted
|os onoerooxrde diols, die mpoxrde diols
PO de yer Jemon pest and

iepoxide. digl fraction
gm un eg to oP/er haf 0 the combined diol-
polgo fraction (

hromatogra hy The foIIowrng fractrons
were mvestrgated chromatoqraf) Ical % pup
fractrons and

. The other fractrons were pot c roma
tographed,
material ayailable_and also becayse the Ni
values did not indicate anything unusua
to be present.

Fraction | (hydrocarbops). The h dro
carbon fractions " from both peel and
contarned consrderabe amounts of 1phytoene
% ytofluene, and zeta-carotene

eta-carotene occurred in much greater pro
portion In the pulp than in thé peel, “and
alpha- carotenF Was found only in the pulp,
In very small amount.

Ié) ractron I (énon%l ). The tub s com-
posin the” minor n ectro
Were combrned for C romatooraé) r(
toxanthrn amounted to abou 8 of the
total. It wa% accompanre y. three ver
minor bands below rt on the column, whic
resembe gdroxy alp acarotene or cryp-
toxant In-5,6-epoXide, and by two above,
w rc resembled ) T3(]ptoflavrn crgptoxan
thin-5 Boxre e uppermost band
%ectral ansorption maxrma In hexane at
6, and 4 04 m
Peel tractro

(monols). Fractions
A and |

( )Oo values ™5 and 47)

hecause of the small amount of

were incompletel seParated ev% on a 200-
transfer ~ countefcurrent _distribution  run,
hence some of the constituents of fraction
A were found to a small extent in 1B,
and vice versa, on chromatography. The
constituents are, listed in Table” 3 ynder the
fractions in which they were mainly found,
and the percenta?es are based on the com
bined monol fractions [1A, 11B, and |l
Much, of the color of fraction IIA was
due to it high cr¥ptoxanthrn content. An
unusual feature this fraction was the
Presence o] substances not revrously
ound In this laboratory In anx fruits.
Pectra absorgtron curves of these fractrons
ose}r resembled those of phytoene and
ofluene, but their occurrence In fraction
rndrcated the presence of one hydroxyl
grou The ¢ romatogra hic behavior |n
reIatron t0 crtr/] ptoxanthin was very similar
to that of phytoene and_ phytof uene rn
relation to beta carotene. The phytofluenol-
like band haq a greenish quorescence on the
cqumn In ultraviolet light, similar to that
phytofluene.  Zechmeister and Pinckard
(194 reported phytofluenol in some ripe
tomatoes, but there “appears to be no pre-
vious report of phytoenol (hydroxy-phyto-
ene). A hydrox¥ -zeta-carotene-like pigment
was previously Tound in this laboratory in
very - small amounts in apricots (Curl,
1960a). Jensen et al. (1958) reported the
presence of hydroxyphytofluene *(phytoflu-
enol) and hydroxy-zeta-carotene In a bac-
terium, Rhodospirillum rubrnm,

Peel fraction 118 gmonoepoxrde monols).
The principal constituent of fraction 1B,
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Table 3. Composition of monol carotenoid fractions from Meyer lemon peel.

| -
s

a iy .
Constituent (HWBGT Comg%smon (syyleonq )
1A
Phytoenol a 298,286 14.0
Phytofluenol * 366,347,330 54
Hydroxy-alpha-carotene * 473,444,421 0.8
Cryptoxanthin 477,449,(426) 22.6 561
Hydroxy-zeta-carotene * 425,401,380 2.6
1B
Hydroxy-alpha-carotene
5,6-epoxide a 467,440 417 1.2
Cryptoxanthin 5,6-epoxide 474,445,(422) 211 48
Cryptoxanthin 5,8-epoxide a 453,426,404 50
Cryptoxanthin 5,8-epoxide b 453,426,403 i}«
Rubixanthin-like 489,458,431 0.8
[C
Cryptoxanthin 5,6,5',6"-
diepoxide 470,439,416 8.4 32
Phytofluenol-like 366,346,331 04
Cryptoxanthin 5,6,5'8"-diepoxide a 448,423,400
Cryptoxanthin 5,6,5'8"-diepoxide b 448,421,397 tlzl 6 30
P378 378,357,340 2
Cryptoxanthin 5,8,5'8"-diepoxide 424,398 0.3 A

aTentative identification,
“From cling peaches.

which had a spectral absorption curve sim-  The cryptoxanthm 5.6-epoxide  fraction
Ilar to that of aIpha carotene Was |dent|f|ed was treated 1 min with hydrochloric aciq
as crygttoxanthln 0( -monoepoxide.  In methanol and ether (1 to"9 to 6 ml) and
6'-monoepoxi was obéalned bz the the Rroduct rechromatolgraphed About 83%
actlon of monoperphthalic acid on cr of the. recovered material consisted of two
xanthin acetate y Karrer and cryptoflavin-like bands, about 6% of crypto-
%946% e Nio val e |n s stem | of the xanthin, * This is about what would b ex-
substa ce 0 talnei? H t e{tt work was Pected if the orlrglnal substance were cryp-
a rather small ere ce rom that of toxanthin-5,6-(or 5',6')-monoepoxide.
cryptoxanthm (56). The difference may be  Peel fraction |IC (monol dIePOXIdeS The
due to the epoxide and hydroxyl ?roups be-  princip aI constituent of fraction |l was
ing on the same ring. The substance gave |gent| % as c%)tm%nthm -56,5',6 d|e
a Weak blue color in"the hydrochloric acid- The spec SOYPUOH CUFVG
e i e otV B ik
cryptoflavin-like bands; on countercurren
dlgﬁlbutlon of the combined bands in system  SULUENt Was_accomp i by fiuch sma lr

|, the Nioo value was found to be 50, not ?ﬁem“c”g?re%f g\a/gln%ands that aoeeare 0 pe

significantly different from that of the' 5,6- !
epgomde A%so present were minor bands that dﬁepoxhdgsgagg %&,3&” hsema5ll6a5m8unt f

appeared to_be a hydroxy-alpha-carotene-5,
O i B e
gamma-carotene) , the latter occurred to’a  The 5,6,5'6-diepoxide was treated 2 m|n
Somewhat lesser extent in fraction [IA. with hydrochlorlc acid in methanol (1:9),
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P i Cryptoxanthin
Pl i 1 56,56 diepoxide]
[

[
[
4‘9‘1 421{ Vo

ABSORBANCE

WAVE LENGTH miL

Fig. 2. Spectrophotometric curves in hexane of
carotenoids from Meyer lemon peel.

and the product chromatographed. The
5,8,5' 8-diepoxides amounted t 75% of
the recovered material, with about 10% of
cryptoflavin-like substances, which supports
the" identification of the original substance.
The spectral absorption cufve of the 58,
5'8-diepoxide (Fig. 2) closely resembles
that of auroxanthin (zeaxantfin-585'8"
diepoxide). The Nioo values (Table 3) of
the 3 diepoxides were 30, 31, and 32
Above the 5,6,5'8'-diepoxide. bands on
the column was a substance with spectral
absorBtlon maxima at 378, 35/,_an
m* (P378) In hexane (‘Flg. Zf). The shape
of the curve resembled that of a carotenoid
with none of the conjugated double bond
system in_an ionone rlng, such as phyto-
fluene. The spectral afbisorption maxima
were at about 11, 9, and 7 nyu, respectively,
longer wavelengths than those of phyto-
fluene, which has a system of 5 conjugated
double bonds. No greenish fluorescence in
ultraviolet Il?ht was observed. The Nioo
value in system | was 27, a_little below
that of cryptoxanthin-56,5' 6-diepoxide, but
much above that of the diols lutein (10)
and isozeaxanthin (15).

175

_In order to test for the presence of epox-
ide grou?s, a portion of the sample, was
treattd 15 sec with hydrochloric “acid . in
methanol (1:9). The “spectral absorgtlo_n
maxima were riow at 398, 376, and 35 ngu
(in hexane), respective increases of 20, 1
and 16 mi which indicates the addition of
a double bond to the conjugated. system
instead of the loss that occurs with™a b,
o-epoxide. _

he acid-treated product was _su_bgec_ted
to a 100-transter countercurrent distribution
run with system I The distribution curve
showed the presence of two well-defined
maxima with ‘N 10 values of 63 and 86; the
latter was about_twice as great in amount
as the former. These two substances had
almost identical spectral absorption curves
and_maxima; the shape of the curves were
similar to those of the original material.

The Nioo value of 63 is somewhat above
that of cryptoxanthin at 56 and ma¥ Indicate
one_nhydroxyl ?roup remaining.  The shift
in Nido value from 27 to 63 ‘may_indicate
Ehe loss of one hydroxyl group. This ﬁan

e accounted for by assuming that one hy
droxyl ﬁ]roup originally ‘was™allylic to one
end of the conjugated double bond system.
Upon hydrochloric acid treatment & mol-
ecule of‘water was lost, thus an additional
double bond was formed.

The N10o value of 86 js somewhat pelow
that of beta-carotene, which 1s 91, and may
Indicate the presence of one methoxyl group
only, The substance with N0 of 86" ma
be “the methyrl ether of the, substance wit
Njoo of 63, This may also indicate that the
second hydroxyl group 1s also allylic, too,
perhaps 10 an 1sofated double bond. |t was
shown by Petracek and Zechmeister (19562
that sonte allylic hydroxyl groups in"carof-
enoids will form methyl ethérs on treatment
with acidic methanol. _

It can be concluded that P378 is a polyene
that cqntains a con&ug?te double bonéi 5ys-

u ds, a hy rox(lj

tem of about 5 double bonds

group allylic to the conjugated systém, an
probably “another hydroxyl group that is
also allylic but perhaps not to the conjugated
system.” This polyene may not be & Carot-
enoid or a pol¥ene with & related structure,
such as phytotluene.
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SUMMARY

A relationship between the degree of brownness produced by deep-fat frying
or by evaporating to dryness in a 100°C electric oven was established. Fresh
pork as chops, in a water slurry, or a water extract developed varying degrees
of brownness on heating. The amount of brown color development was related
to the level of reducing sugars in the tissues. The degree of color development
could be measured spectrophotometrieally at a wavelength of 375 m/x. The
development of brownness in buffered solutions was pH-dependent, with
maximum color being produced between pH 5.60 and 5.90.

INTRODUCTION

The browning of certain foods during
cooking IS recognized to |mpart attractive-
ness and to agdl a desirable. undertone to
the natural flayors,
brownness as related to the flavor and ap-
pearance of meat and some other foods was
recognized earlx, by the, manufacturers of
microwave cooking ecﬂmBment,_ who, com-
monly recommended pre-orowning of foods
s0 cOoked. The exact mechanismi whereby
Erowmng produces desirable flavors Is not
nown.,

Observations in our laboratory showed
that raw pork from different animals varied
In degree of brownness when subjected to
deep-fat frying or to oven dryiig under
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The importance of

standard conditions. No information or
observations on this phenomenon were noted
In_a literature search, so this study was
Initiated to determine the relationship he-
tween the COHS%I%JEHIS of éjork muscle and the
development of brown color upon heating.

PROCEDURE

Pork—origin. Pork loin chops were removed
from the center portion of the right loin of 10
different hogs selected at random from the reqular
pork kill at the University abattoir. Although the
hogs came from various treatments at the Univer-
sity farm, standardized feeding, holding, slaugh-
tering and chilling procedures were followed in
the laboratory. After slaughter, the carcasses were
chilled for 48 hr at approx 2°C before being cut.
The loins were removed, cut, and frozen until
used.

Browning and Ranking. A center section of the
loin from each hog was ground, and a sample of
each was heated 24 hr at 100°C in disposable
aluminum weighing dishes in a forced-air electric
drying oven. The samples were cooled and ranked
visually in order of brownness from 1 through
10, from lightest to darkest. In addition, chops
from each loin were fried in lard heated to 138°C
until the internal temperature reached 80°C. They
were removed, cooled, and ranked visually in order
of brownness as with the oven-dried samples.

Chemical analysis. Further samples from each
loin were prepared for analysis of the reducing
sugars in the following manner: One g of ground
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loin tissue was dispersed in 105 ml of H»0; 6.4
ml of 020911V H2504 was then added, and the
mixture was allowed to stand for 2 min. The
sugar content of the muscle was determined by
the method of Folin and Wu (1920) and expressed
in terms of glucose. Fat, protein, and moisture
were determined by the methods of Benne et al.
(1956), and pH readings were taken on a meat-
water slurry (1 g meat in 10 ml of water) with
a Model G Beckman pH meter. Free amino nitro-
gen was determined for the same meat-water
slurry by the method of Van Slyke as outlined
in the A.O.A.C. (1955) and was expressed as
percentage of free amino nitrogen in the tissues.
Glycogen was determined by the method of Hansen
et al. (1952), and lactic acid was measured color-
imetrically by the method of Barker and Summer-
son (1941).

Objective measurement of brownness. To ascer-
tain whether absorbance could be used to measure
development of brownness, a 1:3 meat-water slurry
was prepared in a Waring blender from each
raw pork loin. Ten-ml portions were removed
from each slurry and combined with 10 ml of
distilled water. All samples were then dried for
24 hr to develop the brown color, resuspended
in 20 ml of distilled water, using a small spatula
to break up the particles, and filtered through
Whatman 41 filter paper. Two ml of the filtrate
was diluted to 20 ml with distilled water, and the
solution was wused for reading the absorption
spectrum.

Absorbance curves were plotted from readings
at wavelengths of 350, 375, 400, 425, and 450 mp
with a Bausch and Lomb Spectronic 20 colorimeter.
In addition, spectral curves were plotted for several
of the browned samples with the Beckman DK-2
recording spectrophotometer.

Buffers. To determine whether pH influences the
development of brown color, a series of phosphate
buffers were prepared by using \M KHsPO* and
2M KHPO4in proportions to give pH values of
55, 6.0, 6.5, 7.0, and 8.0. Ten-ml portions of each
1:3 meat-water slurry were added to 10 ml of
each buffer, so that samples of each loin were
buffered at each pH. In addition, one aliquot of
the meat-water slurry from each loin was added
to 10 ml of distilled water. All samples were
checked for pH, dried to develop hrownness, re-
suspended in water, and filtered, and absorbance
was measured with the Spectronic 20 colorimeter
as outlined previously.

Statistical analysis. The rankings for brownness
were correlated with the objective color measure-
ments by Spearman’s p as outlined by Kendall
(19d55). Otherwise, usual correlation methods were
used.

BROWNING FROM HEATING FRESH PORK

RESULTS AND DISCUSSION

Development of brownness op heating.
Both the deep-fat-fried chops and the oven-
dried samples showed considerable variation
In brownness. 1t was found on drying repli-
cate samples that they maintained”about the
same relative rank. “Some samples were a
burnt-brown and others a light-brown. Thus,
It was Possmle to make fajrly distinct dif-
erentiation in color ranklngs tou%
observations Ieadln% to this study were matle
on deep-fat-fried chops, It became apparent
hat color development was not only darker
hut more consistently reproducible” for the
oven -aried samples. The correlation in rank-
between the two methods of browning
I these 10 loins was 0.7/. Since color
deveIopment tended to be more reproducible
for the oven-dried samples, they were used
as the hasis for other comparisons.

Measurement of brownness by absorptlon
spectra.  Subjective rank 1Lfg according
color |nten5|t IS at best drficult, so absor
tion_ spectroscopy was Investigated as a
Bosmble objective measure of" degree. of
rOWNNESS. qu. 1 shows a characteristic
absorption spectrum of an agueous solution
of the browned meat extract made with the
Beckman DK-2 recording spectrophotom-
eter. - Optical density _inCreased as wave-
length was decreased. The curve shows the
reqularity of the increase in. absorbance as
wavelength was decreased. Since the colored
extracts showed ?ood absorpance at 3/
and readings could be readllv made with the
Spectronic™20 colorimeter, this wavelength
was arbitrarily selected as a point for mgas-
uring- color development.. Color  readings
made at 3rH m”" are qlven in Table L These
show that the rank of the 10 loins accordlng
to the objective color measurements h
a correlation of 0.70 with the ranks of the
fried chops and of 0.95 Wlth the ranks of
the oven -ried sa oles according to aB
parent brownness. This Indicates  that a
sorbance was an excellent measure of brown-
ness in the oven-aried sam Ies AIthou h
xtracts were Prepared fth deeﬁ
fne choEs the close relation betwee
color ran |n(I]s for fried choPs and the oven
dried samples indicates that absorbance
could probably also be used to measure the
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Fig. 1. A typical absorbance curve for br

intensity of brownness for the fried chops.
Measurement of absorbance in the manner
described appears to be a valid objective
method of expressing the degree of brown-
ness developed on heatlng fresh pork, Once
the nature of the reaction 1s established,
development of standard procedures for
measuring the amount of Drownness pro-
duced on heat_mlg meat or meat extracts
should be possible. _
Relationship of chemical constityents to
color development. Table 2 summarizes the
data on objective color measurements and
various chemical components. Examination
of the data reveals that the level of suqar
In the tissues was closely related to color
development with a carrelation of 0.97

Table 1. Values and relative ranks for br

500 540 580 620 660 700 740

ENGTH
owned pork extract in agueous solution.

Table 3). The significant negatlve relation-
ship (r = —0.66) “hetween pércentage pro-
tein and color development was, unexpected.
The carrelation, however, was influenced to
a considerable extent by the two darke_s%
colored foins, (Nos. 82-1"and 82-13), whic
were lowest in Proteln content,

The extremely high relatlonsh|B between
free su%ar content and. degree of brownness
sugests that sugar 1s, at least In part
responsible for_the brown color developed
upon heating.. This would indicate that the
color produ_ftlon mag he due to the amino-
sugar (Marllard) reaction, which is known
to "produce an Undesirable browmnﬁ in a
number of foods (Ellis, 1959). Although
the amino-sugar reaction haS not beén

ownness and absorption spectra for pork loins.

e Rk SRR Rt
Pig No. samp?esiq fried pchopsla paf 5315 mﬁ spect%ra P/aﬁJesB
86-11 | 2 0.090 |
86-9 2 3 0.096 2
27-3 3 1 0.108 3
23-17 4 4 0.163 6
29-4 S 8 0.142 5
21-1 6 7 0.120 4
23-11 7 S 0.221 7
82-6 8 9 0.290 8
82-13 9 10 0.480 9
82-1 10 6 0.579 10

“Rankings are from 1 to 10, from lightest

to darkest.
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Table 2. Absorption spectra and chemical constituents in different pork loin samples.

Absog{tion Reducing .

Pig No. ats‘%%ers?nfi afnigﬁjaﬁk’?e Ghysogan (rha:&ﬂ/co) oH

86-11 0.090 57 0.04 760
86-9 0.096 68 0.09 780
27-3 0.108 113 0.68 920
23-17 0.163 222 2.56 950
29-4 0.142 210 133 970
27-1 0.120 273 1.54 1010
23-11 0.221 387 459 930
82-6 0.290 436 0.04 1040
82-13 0.480 752 0.05 950
82-1 0.579 763 0.05 930

Btudled in development of the d_eS|erIe
rown color in cooked meats, Its implica-
tion in the brownln% of stored dehydrated
meats has_been shown by a nuniber of
vlv&)rléers (Regier and Tappél, 1956; Tappel,
51955) showed that the browning of dehy
rated meats cquld be largely prevented by
yeast fermentation of the”sugars, Another
ossible mechanism for the development of
he brown_ color in. cooked m%ats may.be
y caramelization of the naturally occurring
sugars, for this reaction has béen demon-
strated in other products by Zerban (1947).
Browning on heatl_ng fresh pork may also
be due to a_combination of carameljzation
and the amino-sygar reaction. ~Additional
work has heen itiated to elucidate the
exact mechanism of the brown color de-
velopment obtained upon heating fresh pork.
_Influen%e of pH on color eveIoBment.
Fig. 2 shows absorbance values for the

Table 3. Correlation coefficients for absorption
spectra at 37S ma with various chemical com-
ponents in pork loin samples.

Reducing sugars (as glucose) 0.97**
Glycogen level -0.24
Lactic acid 031
pH -0.41
Free amino nitrogen, % -0.06
Fat, % 0.35
Protein, % -0.66*
Moisture, % -0.09

* Significant at 5% level.
** Significant at 1% level.

Sharp, 19574, b). Henrickson et al.

Percent Percentage

nitrogen  Fat Protein ~ Moisture
6.10 0.21 5.76 20.84 71.74
5.88 0.17 5.62 20.71 72.44
5.70 0.28 2.15 21.92 73.81
5.52 0.16 2.65 21.48 74.03
577 0.26 3.79 22.38 72.95
5.62 0.24 2.12 22.75 7343
5.35 0.27 4.70 21.78 72.00
5.62 0.24 2.14 2247 73.46
5.62 0.19 8.52 19.34 70.63
5.58 0.23 4.17 19.64 74.05

buffered meat extracts foIIowmﬂ browning.
The absorptjon curves are plofted so that
one is_based on RH readings taken Dbefore
br_owmnq and the other “on values ob-
tained atter the sample had been browned
and rehydrated, The two curves closely
parallel gach other except in the unbuffered
range, where the absorgtlon peak occurred
at approximately pH 5.75 for the_browned-
rehg rated saniple, compared with a pH
of 590 for the value before browning. " It
IS mterestm% fo note that the peak absorp-
tion occurred in the unbuffered sample, and
that browning resulted in a definite altera-
tion n pH n the absence of the buffer
but remained essentially the same for the
buffered samRIes.
_ Development of brown color was max-
imum somewhere in a pH range of 5.60-
5.90 (Fig. 2). The darkest-colored samples

.250

200-: I'.\ \
| I

1504

0501 =——=——p H VALUES TAKEN AFTER DRYING 24 HOURS
AND REHYDRATING.

=/ H READINGS MADE PRIOR TO DEHYORATION.

0.000 '

A " n "
5.00 5.50 600 6.50 7.00 750 8.00
d H

Fig. 2. Thé effect of pH upon optical density

of browned pork extracts.
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occurred at pH 560 (Table 2), but in
a heterogeneous product such as meat there
would obvioysly be some variation In the
optimum. ~ Since phosphate  buffers were
added fo raise the pH._.in this study, it
IS possible that the addition may have in-
nibited browning.  However, studies
Willits et al. (1 82l and Underwood et .
(1959) showed that an acig pH tends to
Inhibif browning and that It 1S necessary
0 ralfe, the pH to the alkaline side of
neutral in order to obtain_maximum color
deveIoRment. Therefore, it seems unlikely
that_ the increase In browmng noted_ on
heating, meat In a RH range 0f 5.60-5.
was influenced by the phosphate additions.
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Automatic Recording of Vibrational Properties of Foodstuffs
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SUMMARY
An apparatus is described for automatic recording of mechanical resonance
curves for test specimens of foodstuffs with the approximate size of 6 X 12 X 50
mm. The simple evaluation procedure described gives information on the
modulus of elasticity (divided by the density) and degree of mechanical

damping.

In judging the consistency of solid and
semisolid foodstuffs vibrational ro erties
are often, consciously or unconscrous estl-
mated as an Imp ortant art of the genera
me hanrcaé [Pro erHes hus, for a ett%
understan f'the relations hetween su
Jective and objective deter rnatrons asf g
of vibrational Pro erties grven ac
This 15 especially o since vrbratr n me sure
ments arg'In some respects easrer to per orm
than staLc ones, and |ﬁ IS usual rt, né) ee]s
sary fo know the absolute magritu t
amplitude of vrbreltron

Various manual and automatic measure-
ments of vibrational properties of engi-
neerin matlerrals (ian nowadays be consid-
ered Il established i)rocedure Bopp
ct al, 1947 Bradfield. rrme and
Eaton 1937" Kohlrausch, 1955 Moval an
Fletcher, 1945).  Usually, howeve
stuffs and other materrals of hiolo |ca| or| |n
g Investl ate By ort ﬁolnt

Anon., rooks. an

av
met?tos
9:Kartholm an Sehroder 1953 Virgin,

5 and only occasjonally with some Sort

of altomatic recordrnﬁ Shimizu  and
Ichiba, 1958). It was thius deemed suitable
10 desrﬁn an automatic apparatus specially
for suc materrals iNh]Ch are U Je differerit
rom more requenty Investigated materials,
such as metals. The alternative chosen here
was to recor automatrcall the mechanica
resonance curves for transversa Iy vrbratrn
canérlevers ?uch CUrVes can eas f/ (e evau
ated manually as to mechanical damping
nd, when ge g ometrre dimensions are exactly
nown, modulus of elasticity.

Theory. An appropriate’ freatment of the
theory of mechanical Vibrations can be found

in_texthooks (Hartog, 1947 Kohlrausch
1955 Santen, " 1953;™ Schul erh d19582) a(n
on some minor extensions, ha e-
veope for the purpose considered here.

For a forced harmopic vibration, the fol-
lowing formula 15 applicable:

mx + rx + kx = P cos <t [1]

where m= mass of the oscillator,

r = “dam ing constant”  (related
to VIScOsi

k = “spring constant” (related to
elasticity),

P = peak value of sinusoidal ex-
ternal force,

X = deviation (pornts indicate
time derivatives),

0 =angular frequency = 2
( (gwheref fqrequen}ey),

t = time.

The steadIy -state solution of this equation
may be writ
A A, cos (it — [2]
V(1 —n2)2+ n2R
where Au= P/k = constant deviation for a
static force of magnitude P,

hase angle between force and
P Fr)fevratrong-
arc tan [e>r/(k —orm)]

n = reIatrve frequency (f/f0or <ow0

l}/m where W)= reso-
nancé frequency for the same
oscillator without damping),

S = “damping factor” =rly'’k -m.
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The amplitude A of the vibratjon ge the
maximum deviation of the oscillating boay)
may then be written as

A= A0V (1-n2)2+ n284  [3]

The quotient A/A™, often referred fo as
“amplification factor” R, has a maximum

value Rmx= 1/SV1 —824 when n has the

resonan vaIu nr=V1 Obvioysl
for sma(if vaues R w%/zbev W
and nr close to 1, while for mcreasmg 8
values both Rmax_and nr_ will decrease
(Fig. 1). For 8< 2, the difference between
nrand 1 (and also between observed reso
nance freguency an |d% resonance
quency” 3 Is” smaller than 1%, whereas
for S0.4 it is smaller than 4 0.

EXPERIMENTAL

Apparatus. Inprinciple, the recording of
resonance peaks for a test specimen demands:
1) a frequency sweep, 2) a mechanical driving
action, 3) a frequency measurement, 4) an ampli-
tude measurement, and 5) a recording of these
two measurements simultaneously. In the actual

Amplification factor (R)

Relative frequency

Fig. 1. Theoretical resonance curves for selected
damping-factor values.
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gi 2. Block d|a|gram of the apparatus: Sta =
stabilizer for the famp; Mot = sweep motor
0sc = low frequency oscillator; Amp = amplifier
for the electromagnets Fre = frequency meter;
Rec = X-Y recorder: Pho = phototube amplifier:
La = lamp; Le = lens; SH = horizontal slit;
SV = vertical slit; Ma = 2 electromagnets; Sp =
test specimen; Ph = photoube

case considered here, the five needs are fulfilled
by using: 1) a low-frequency generator with a
motor connected to the double potentiometer of
a Wien-bridge arrangement, 2) a transistor am-
plifier feeding two electromagnets acting on a
small piece of iron inserted into the specimen,
3) a conventional frequency meter with the same
ranges as the low-frequency generator, 4) a lamp/
lens/slit/phototube/amplifier ~arrangement for
measuring the amplitude of vibration (cf. Sack
et al., 1947), and S) an X-Y-recorder (Mandrel,
Type ER-90) that draws on a sheet of paper a
curve of amplitude as a function of frequency.

A block diagram of the complete apparatus is
shown in Fig. 2, and some details in Fig. 3. Also,

light path

b r «—— envelope of light beam
'1\ X .
— piece of iron

Fig. 3. Details of the apparatus: specimen with
clamp, and geometry of the light heam.
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two curves obtained with the apparatus for a
relatively hard foam rubber used for adjustment
purposes are shown in unretouched form in Fig. 4.

So that the frequencies relevant to the measure-
ment on foodstuff specimens of reasonable size
are included, the generator was built for the total
range approx 1 c/s to 5000 c/s, divided into sub-
ranges whose upper limits are placed at 2, 5, 10,
20, etc., c/s. Each one of the subranges covers the
frequencies from approx 20% to 100% of the
upper limit.

Ampi

—— 1
p/s

Fig. 4. Two unretouched experimental curves
for & relatively hard foam rubber.

At lower frequencies, the damping of the recti-
fied output from the frequency meter and from
the amplitude meter becomes a critical question.
Thus, for satisfactory results with the present
arrangement, the usual recording time of 5 min
should be increased with frequencies lower than
about 5-10 c/s. Otherwise, even if the curves
look satisfactory, too much delay (by using large
capacitances for smoothing purposes) will cause
trouble with accurate reading of both frequency
and amplitude.

To utilize the full capacity of the apparatus out-
lined here, two conditions should be satisfied: One
needs a suitable method of cutting foodstuffs into
exact geometrical shapes, and also a suitable
method of evaluating experimental curves. How
these separate problems were solved is described
below.

Accessory arrangements. At an early stage,
it was found impossible to cut exactly rectangular
test specimens from soft materials by using, e.g.,
a set of two knives or two safety-razor blades.
Later, a cutting arrangement was developed that
has given more satisfactory results.

The cutting is now performed in two stages.
First, a combination of two thin parallel knives,
hinged at one end, is turned down over a suitable
piece of the material, and the operation is repeated
after the cut-out part is rotated 90°. The square

VIBRATIONAL PROPERTIES OF FOODSTUFFS

rod (17x17 mm) obtained in this way is placed
in a tight-fitting aluminum box provided with a
set of longitudinal slots (Fig. 5), and then covered
with a plastic plate. Finally, the shaping is com-
pleted with rotating sawblades in three cuttings,
two with double-blades and one with a single
blade. As a result, two test specimens with (in
our case) approx 55 and 7 mm thickness and
12 mm width are obtained, together with a num-
ber of surrounding strips, which are discarded.
Evaluation of recorded curves. A vertical line
is drawn through the vertex, peak height H
(Fig. 6), and a horizontal line is drawn at a
height of h=H-0.707 (= H V 2). H and HO are
used here instead of A and A, to indicate height
over the base line on the graph paper. (Since
the present model of the apparatus has not yet
been made completely screened, noise and hum in
the electrical circuits give a certain dark current
reading. For very low peaks, this gives an appre-
ciable deformation of the peak shape. For the
curves shown in this article, however, the correc-
tion for the upper half of the peak is almost
negligible.) The width An of the peak cut off by
this line, and the distance nr between the vertical
line and the line n =0, are measured in millimeters
and tenths thereof. The quotient An/nr (which
equals Af/fr= Aiol«r) gives a measure of peak
width and is, for low degrees of damping, equal
to the damping factor 5. For higher damping fac-

H}-———Lﬂ
% Z

x= recessed grooves for guiding the box

cross-section of
cut-out parts

EZ=aluminium
o) [J)=polymethacrylate

Fig. 5 Cutting device: cross-section through
rotating saw, and sketch of special aluminum box.
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Amplitude

I
n Ny

0

0 Relative frequency
Fig. 6. Evaluation of a (smoothed} exi),eri-
mental curve for a soft foam rubber. (Full lines

are needed for estimation of An/nr; dashed lines
for f=f0and H =H, have been drawn for con-
trol purposes.)

tors, however, a more complicated relation has to
be used, e.g.,

An/nr= V1+a—V1—-3g,
where a=S V 1—-824 | (1—S-2). [4]

From calculations leading to the curve shown
in Fig. 7, which by the aid of equation 4 gives
Aninr as a function of 8 it has been found that
the error in using the simple relation Aninr=$
is smaller than 2% for values of 8 below approx
0.2. However, the difference will evidently become
appreciable for higher 5 values, such as are not
uncommon among foodstuffs.

For the foam rubber used in the experiments
that gave the curves in Fig. 4, three consecutive
determinations of An/nr have given respective
values 0.117, 0.113, and 0.113, whereas in runs
performed on various other days, the values were
0.122, 0.112, and 0.111. This gives a rough estimate
of the degree of accuracy that can he obtained
with the actual model. o

For the determination of modulus of elasticity
of a beam with rectangular cross-section, the
following formula (Kohlrausch, 1955) may bhe
used.

E=487%plTImV. [5]

Here p= density, 1= length, F = frequency, m=a
factor with certain “eigenvalues” for the different
modes of vibration, and a = thickness of the beam.
Since m*= 1236 for the fundamental frequency,
the following formula can be applied:

E = 303PIdTa== 383D (— 11)2 [6]

1%

It should be remembered that, since the test speci-
mens used have been relatively short, formulas
5and 6 are only approximately valid. For food-
stuffs with a high content of water the density is
close to unity, and the formulas then become even
simpler. In this first report, however, only rela-
tive values were aimed at, and the coefficients of
these formulas are consequently not considered
important.

The fact that 1here occurs in the fourth power,
indicates that determination of test-specimen
length is rather critical. Thus, e.g., a misreading
of 05 mm for a length of 40 mm gives an error
in E of 5%. On the other hand, an equal misread-
ing of 0.5 mm for a width of 5 mm gives an error
in E of 20%, which shows that great care is
necessary in measuring specimen width. It is also
evident that uniformity of specimen width must
be an important factor.

As expected, a comparison of values obtained
for modulus of elasticity has shown that different
lengths of the same test specimen do not give the
same result. However, the addition of a length
equal to the specimen’s thickness to all lengths
measured gives a practically constant E value,
and such a correction has accordingly been ap-
plied here. (A closer study of this phenomenon
will be taken up later.)

0.8

Q
&)

CAn/nr)

o
~

Relative width

0.2r

% 02 04

Damping factor (8)

Fig. 7. Diagram showing the relation between

relative peak width An/nr= V1+a—VI—a

where a=5V1—8V4 [ (1 —8V2), and the damping
factor 5.

06
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¢

el

2
2

E
3

0 fr 2ty

Frequency
Fig. 8 Comparison between (smoothed) ex-

perimental curves for potato , pear
(e ), and cheese (- ), Which Dbefore the
recording have been adjusted so that the vertices

coincide on the graph paper. Theoretical values
for 5= 0.2 have been inserted (o).

To simplify comparisons between curves for
different materials or different specimens of the
same material, it can be advantageous to adjust
the amplifications in the two channels connected
to the X-Y recorder in such a way that all vertices
fall exactly on a point with, e.g., the coordinates
fr="10cm and H = 10cm. An example of such a
comparison is given in Fig. 8. Here, the damping
factors for the 3 specimens can be easily com-
pared and measured with the same degree of
accuracy, while the calculation of E values de-
mands a knowledge of the actual amplification
along the frequency axis.

Measurements on some foodstuffs. In order to
test the performance of the apparatus described
here, a number of foodstuffs have heen cut into
test specimens and run at room temperature in
an appropriate frequency range. The curves ob-

Table 1 Experimental data and characteristic

values for some selected foodstuffs (sEeumen

width perpendicular to vibration direction, 1.2 cm).

Material . E/ 8
(c‘?’n) (c%w) cf/s varueg's)

Apple 07 43 .36.6 156 0.075

(“Jonathan™) 06 48 212 100 0.08
Fish pudding

(commercial) 06 49 58 85 013
Potato

(commercial) 06 53 150 76 017
Pear

(“Pecknam™) 055 44 188 71 019

Cheese | 06 48 158 55 034

(“Herrgard”) 06 58 140 90 0.33
Cheese 11

(“Tilei”) 06 53 11 17 035

tained have then been evaluated, in the way de-
scribed above, as to damping and modulus of
elasticity. This has usually involved no trouble,
but in some cases where the properties investi-
gated have had very high or very low values, the
results may have been less accurate than in the
most suitable range.

Information on some of the materials investi-
gated is in Table 1, which gives experimental data
and characteristic values calculated from them. It
should be observed that the values (especially E
values) change with time after the moment of
cutting, and that reliable values will accordingly
demand a series of measurements and an extrapo-
lation to the time of cutting. An idea about both
the accuracy in measuring and the changes with
time can be obtained from Figs. 9 and 10. As a
preliminary result, it can be observed that E
values for cheese and fish pudding increase with
time after cutting, whereas the corresponding values
for apple, pear, and potato decrease. As to pos-
sible evaporation effects, these can be largely
avoided by, e.g,, surrounding the specimen with a
transparent box (a possibility elaborated on later

40t

—

w
(@}

Frequency (p/s)
N
(@]

10}

L

0

O 10 20 30 40 50 60

Time (minutes)
Fi({], 9. Observed resonance frequency as a
funcfion of the time after cutting. V = "Tilci”

cheese; A = “Herrgard” cheese; [ = fish pudding;
« = pear; x = potato; O = apple.
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Relative peak width (An/np)
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0 ! 1
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Time (minutes)

Fig. 10. Relative peak width An/nr as a function
of the time after cutting (for explanations, see

Fig.

herein). However, with tissues that may become
damaged by cutting, e.g., a fresh apple, evapora-
tion control cannot be expected to prevent changes
of the mechanical properties.

DISCUSSION

Ong of the purposes of this work is to
ive food technolo %ISIS a hetter idea about
(}h vibration prﬁg rties of foodstuffs, ana
or that reason the method has been chosen
s0 as, to be elucidative rather than to afford
a solutlon In terms of complex modulus,

The agé)aratus described above should he
coga ered as a ?evme under veo ment,
and the results for cantilever bend | are
lgtven onlv as an Indication of the pos |b| -

f the method,
eSAs0 see% reomO Fig. 8, the peak for the
eaks for the

ear is shevxtt Wherea?] 'the

otato and for the cheese are almost as
symmetrical as a theoretical curve. This
Indicates some non-lingarity i the mechan-

187

ical properties of the pear, a factor that in

manual reading of isolated values could have

een overlooked. Full discussion of such

eﬁawor owever, must be postponed to
ater publication,

In_comparison with manual methods of
vibration analyals it oan be said thaé the
automatic recarding to a large degree requces
the personal factor, which may give |nter

gersonal differences In read mgs e Oy
dhering to different tlme schedules. As
ore a

with thé a Paratsat and, muc
can he collecte urtnﬁ1 a wor ay;
finally, a skewness or other |rre?u arttg of a
curve can be detected mare easn{ hen th
whole resonance peak Is visuglized on a

gra

Ipurtﬁer details of the apparatus and of the
evaluation methods, will be published in due
%ggégeu ftogether with more data on various
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Complexity of Flavor and Blending of Wines
V. L. SINGLETON ... C. S. OUGH

Dept, of Viticulture and Etiology, University of California, Davis
(Manuscript received August 7, 1961)

SUMMARY

Thirty-four pairs of similar, commercially acceptable wines and a freshly
prepared 50-50 blend of each pair were scored for quality by a small expert
panel. The composite scores of the blends did not differ to even a low degree
of significance from the score of the highest-scoring member of the pair.
The scores of the blends were very highly significantly better than the scores for
the low-scoring wines or the mean of the low- and high-scoring wine in each
pair. In 7 cases among the 34 the blend’s composite score was higher than that
of the highest-scoring wine, and in no case was it lower than that of lowest-

scoring wine of the pair.

Increased complexity of flavor is believed to be a

major factor in the favorable effect of blending shown in this study; other pos-

sible effects are discussed.

ComPIexn has long been considered a
desirable factor in the quality of most flavor-
some or odoyous products.” In cookery or
erfumer efforts are made {0 improve the
roduct % g many mgre lents i
amountss all enou h to. influence flavor or
odor without being |nd|V|duaIIy obvious. In
wines, flavor complexn}/ 1S c0n3|dered very
|mportant to high quality and Is be |eved to
be “one of the rlma[}/ effects ? (f ¥
proper aqlng Although much " blending 0
different otS of wine Ts dope commerma ly,
largely to improve or standardize the aver-
age final product quality, this blending re-
maing largely an art, S0 far as the authors
have been d Ie to determlne there are no
Eubltsh%d studies qn anX ne ? ¢t that demon-
trate the value of a ¢ flavor or estl-
mate the value of ben Ing In" producing
Increased comE)Iexny Of course, coyrecting
a_ frank deficlency” or meetlng uniformity
standards by blendi n 1S ano bviously similar
problem an one realve%e Cysovedl but
can blenaing or flavor modification within
the limits of a single commercial }/ acceptable
Rroduct be expected to improve It, and, if so,
oW much?
As a part of a research program uiton
the atm of, wmes exp erlmentttl a%nd teﬁs
CtIve evidence was sought testing, the
vaP [dity atn(fa estlmatln% the m%]‘gmtude gf the
presured favorable effect of” flavor com-
plexity on wine quality.

EXPERIMENTAL METHODS

Pairs of wines were sought that were similar as to
type, scored similarly as to quality and within the

commercially acceptable range, and yet appeared
to have different flavor qualities. The wines from
which selections were made were the 1960 vintage
produced in the University winery by standard
production methods. Most of the grapes were from
the University vineyards at Davis or Oakville, and
the wine lots were each from a single grape
variety. The wines were presented to a small
(10-member) panel whose members had had con-
siderable experience as sensory panelists and were
familiar with wines. The manner of presentation
and scoring was essentially as reported by Ough
and Baker (1961), except that 10 samples were
tasted each day and these were grouped as to
type (and usually vineyard region), e.g.,, dry red
table wines one day, red dessert wines the next,
dry white table wines the third, etc. The wines
were first scored during November-January, 1960-
61, about three months after vintage. The average
scores and comments were used to choose from
among a given daily set of ten wine lots, two that
had the most similar scores but the most different
comments. These two lots, plus a sample prepared
by blending equal volumes of these two, were re-
tasted about five months later as part of a con-
tinuing panel evaluation of the 1960 vintage (during
Abpril-June, 1961).

The usual chemical analyses for alcohol, total
acid, etc., were completed on each wine;shortly
after the first tasting. The wine lots were from
5 to 50 gallons each. The dry white wines were
held in glass, cork-stoppered containers through-
out the experiment with the exception of wine
No. 3 (Table 1) which was in a 25-gallon previ-
ously used oak barrel until it was bottled on
February 2, 1961. The other wines were in previ-
ously used oak cooperage throughout the experi-
ment with the exception of wine Nos. (Table 1)
38, 41, 42, 45, 47, 48, 49, 50, 51, 56, 57, 58, and
66, which were in glass, cork-stoppered containers,
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and wine 52, which was in wood, but was bottled
about two months before its second tasting.

The second tasting included as a daily set the
same ten wines as before plus the blended sample.
The blend was prepared immediately before pre-
sentation of the samples to the panel. It was
coded and randomized as to sequence, as were
the other samples, so that the panelists were not
aware of any special treatment and rated it as one
of a group of eleven similar but unrelated indi-
vidual wines. The scores recorded by each taster
for each wine were based on the scale: 20-17,
wines with some superior characteristics and no
marked defects; 16-13, standard wines; 12-9, com-
mercially acceptable wines with noticeable defects;
8-5, below commercial acceptance; and 4-1, com-
pletely spoiled. A minimum of six panelists tasted
each day for which any results are recorded here.
The flavor comments were those selected as most
valid or revealing from the two or three panelists
who included comments on their score sheets most
frequently.

RESULTS AND DISCUSSION

ﬁble 1 lists_the orrgrn and composition
of the wine %arrs chosén, the mean scores
received in both tastings, and comments
from the second tastranr If one compares
the minimum detectable differences ((1 =
0.05, triangular test) m wine published by
Hinreiner et al. (1955) with the analyses
of each pair of wines, 1t Is found that” the
following probably detectabe concentratron
dif erences exrst su {Jarrs
61-2, 8: alcoh ol none
tannin, roarrs 2. 534 1—2 and
67-8: and acid 12 349
15-16, 27-8, 2930 378 43-4, 4?6 478
h5-6, 57-8, and 612 Bae on abor tory
expenence the ~ color erences are
enough to have had a robabee fect on scor
n Were In pairs 13-14, 19-20, 33-4 a
63=4. Eliminating duplicates, this totals 22
and thus i pairs of wines have no flavor
or co or differences that can be considered
Ea e on the basrs of the available ana-
trc and sensory- Information, Examina-
tron of mean ?fcores of the pairs that do show

—h
|—\oo:’ ro

analytrcal di erences large enough t0
sensorily significant (second fastifig, Ta e
;) shows, for sugar, that the wine with

lower sugar received the hrghest score In
two cases, and the reverse was true In four
cases,. Only sweet wines are involved, and
the differences are large enough that the

COMPLEXITY OF FLAVOR AND BLENDING OF WINES

blend would also be detectably different
from the wines in only one or perhaps two
cases qf the six,

Similarly Wrth tannrn onIy red wines are
involved, and |n the ﬁ rg/ wine p
the lower tannin got te q rscore ut
In the twg s\veet- Wrne ajrs the higher tan-
nin scored higner. In only two cases Is the
difference Iar?e enough that the blend would
be expected t0 be détectably different from
either’ of the wines hased On tannin alone.
Com arrson of the tannin content and tscores

ever alrs of wines hayin annin
oth ahpand ‘without su%hcrgnt 8rfference
to eafactor in scorrno of the pair shows
several wines having high scores and yet

Igh tannin.  Thus it séems_impossible to
correlate quality judgment with tannin con-
tent within this serieS of wines.

Total acidity calculated as tartaric grves
even less clear relatjonships with quality-
score. | pine cases the high-acid wine was
scored hroher bn]t In five cases the low-acid
wine got ehrg er score, and in only three
Cases wou one expect the blend to djffer
detectably I acid from either of the wines.
Wines with unusually high or low acid con-
tent recetved equally high scores In many
cases. With color, “the “relation to quality-
score was exactly split among the four casés
of sizable differences . (one” each favonn%
high and low color within the white wine
and similarly within the reds). Several other
color differénces were probably farge enough
to be detectable but were within“the com-
[nercra ran e and did not appear to corre-

te with qua |t}/ score.

Considering the facts r4ust mentioned, the
fact that the ‘wines often scored  differently-
In the two tastrngs and that the estimatéd
detectable differerices are based uroon Imme-
diate cross-comparison In a tria qu ar test
Wwhereas the_ scores here were obtained
Judging a single wine at a time within a
standarit scoring, system, |[ seems correct
tQ conc ude that”in nearI all cases the cru-
cial factors In %ua lity sconn are not ex-
Plarne by simple differences. |n faste related
0 usua analytrca vaIues ava able for wines,

This s In | e with the results Baker and
Amerine (1953 reported: even an estl-
mating_ equatron mcIudrn? several analytical
determinations did not predict quality score



that t

wines) fo the simple supplementatron of
deficiéncies. Althou
wines with obj
ties, efc., wou

that thrs sa e relative order “within eac
pair prevailed In .. ¢ases and Was reversed
12 cases In the first tastrng his sug- deet
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reIrabI%/ The authors therefore conclude compared to the first, with a mean decrease

higher than_ one would expect from the
scores of wines entering the blend, cannot mi

be attributed (at least Within thrs series of Pa

ults of t
h the blend of two clarity and ye
f tronab I%/ hrdh and low acjdi- stfbrey dedudrrons than
esult in an Im- manf

roved wine, ou erorts to minimize this
ype of effect—by selection of pairs of wines  signally

gJests that the rt)anelrsts were eith
In the first tasting partly on the
I ﬂualrty of ‘that” the temporar
oung wines such as lack of

Iven less severe

nt defects such a
h %h Endsrvrcduaf
score a blend lower than erther con-

stingss were

uality score of a blend, if it is of 0.1 score unit In the second tastrn% This

Iate? -appearing
oxrd||z ed flavors.
anelists

r Scor-
asis of

per-
Id occa-

blending, and comparison scoring on  stituent wine, in no case (Table 1) did a

?/ commercra acc table, carefulgl
atched pairs—appear to have been succes

the pair.
The data in_Table 1are so arranged that a hi
the wine receiving the highest me

In the second tasting was numbered odd, and I
he even numbered Wwines were those scorjn

OWer, be worth noting In passrn%

n score ta
hreakdown

of the

air of wines

end recelve a lower mean score by
whole panel than the lowest-scoring win
In seven cases the blen
her mean score than either wine. A
statistical evaluation of these {esults, con-
ering the mean scores only,

by tasters, etc., showed
.) that the mean scores of the blends did
not differ from those of the highest-scoring
blended, “even to
evel of i nrfreance Howev r the

with n

the

e of
received

(T abIe

the

ests that relative qualit app red end's scores Wer very highly signifi cant
arly and was ?ar(ﬁJ cyonsrstenY ﬁ ﬁese better than the average of escores of the

wings. Since about five months intervened two constituent wines, and VEry ni

highly sig-

between the two tastings of each pair of nificantly better than that of the Iowes?

wines, considerable development of these scoring of the pair.
wines did occur. The mean scores of 32
wines increased, 32 decreased, and 4 re- ?rven individually

mained the same in the second tasting as fasted most regularly” (31 of

Table 2. Tests for significance of the difference between the composite score for the blend

and the composite scores for the wines in the blend.

Eflend
hvﬂ er

Difference of scores

lend
lower
Wine

(Student’s t test, paired variates, null hypothesis, 33 degrees of freedom)

Average deviation, D -124
Sums of squares of sample deviation

minus average deviation, -(D —D)5 17.401

s,.:V(I>3§B)’ 128

S-= 54 126
V34

t=D—0 981
S-

Significance, p 7810

+1.00

22.02
817

142

7.03

>.001

Mean Score: All samples 14.39, all blends 14.68, all higher of pairs

pairs 13.68, mean of pair means 14.24,

4.32

>.001
14.81, all lower of

An “analysis of variance of the scores
by five Eranelrsts who
hese 34 pairs
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of Wrnesl) gave the resuIts shown in Table 3
highly sranrcanty higher score Wwas
found fof the blend than fof the mean score
of the two wines. Of note among the inter-
actions Is that treatment didn't interact with
wines or tasters. The taster x wine inter-
action 15 normal, as are the taster and wine
srgnrfrcant variances. . These data agree with
e previous conclusion that a 50-50 blend
of Wines fhosen as these Were receives g
better quality score than might be exp ecte
from the scores of the two wines. Consr er-
m% that the ana fvsrs of variance shows such
igh degree o varrabrlrt with respect to
drfference between Indivi ual WINes, SCores
grven by individual tasters, and the reaction
f individual tasters to different wines, the
Igh srﬁnrfrcance level for the treatment IS
especra y noteworthy. These data, then,
exRerrmentaII confrrm ﬁhe valtde of b 1endm
wines for Improved quality. | te lendin
of two standard- qualrty wines seldom gives
a proguct as bad as the pogrer, usually gives
one (at 50-50 blend level) as good-a$ the
better one, and sometimes’ gives one better
than, either, blending appears’ capable of use-
ful |f still ratheremprrrcal extensron leh
blend ing as now practrce commerciall
oear? to be based on nme]r footing, and
aby Is of more value than previously
sus ectéd.
he reasons for the improvement of a
blend over its constituents cannot be stated
with certainty, because our understanding of
the composifion-quality interrelationships in
wines is far from complete. At least in some
cases, however, the evidence points to an
increase in complexrty as a major contrib-

Table 3. Analysis of variance. Treatment is a
comparison of mean score of two wines and the
score of blend of both.

Source df s ms F
Total 309 962.80
Tasters 410991 2747 24.30*
Treatment 1 98 985 8.71*
Wines _ 30 36047 1201 10.62 **
Treatment X wines 30 3869 128 113
Tasters X treatment 4 487 122 1.07
Tasters X wines 120 313.12 260 2.30 **
Error (residual) 120 13574 113

** Significant to 1% level.

COMPLEXITY OF FLAVOR AND BLENDING OF WINES

utor to the %uahty increase. By this is
implied the addition of flavors hose ap-
sence cannot be considered g serious defi-
clency but whose presence In the roRer
amount contrrbutes favorably. A further
|cat|on |s that a flavor” that may be
esrra ew en recognizaply strong, “may
be a contrr uE)or tQ c%mlolexrt[)(I and therefore
not undesran| e recoantron
threshold in the bIend This may hélp ex-
lain the data reported by Kramer and
ltman  (1956), who_ shovied that canta-
loupes treated with an insecticide were scored
srgnrfrcantly better than untreated canta-

£t|f| another factor may be the. fact that
drfference% sensed as If on unered scale
are actual ¥ a geometric rather than lingar
function of the stimulus (Stevens, .
It thus ag pears that a fIavorsome constitd-
ent sensed as a given strength In one wine
may not seem much weakér when diluted
oné-half with a wine Iackrnq this constituent.
For example, a simple solution containin
one aromatic ester compared with that o
a different ester hoth near minimum detect
able Jevels ma pgear less odorous, less
complex, and Tess' satisfactory as odorants
than a blend of equal amdunts of both
solutions.
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Determination of Odor Difference Thresholds

H. STONE, C. S. OUGH, ans R. M. PANGBORN

Departments of Food Ecr%?\r/]gﬁsi%r/]do

%cgln Ior%%,aBd Viticulture and Enology

[ror avis

(Manuscript received October 14, 1961)

SUMMARY
An olfactometer described previously was modified and used to determine

odor-difference thresholds for 48 subjects at 4 levels of 2-heptanone.

The

apparatus was found to give rapid and reproducible threshold measurements.
Difference thresholds were found to follow the Weber law. A Weber fraction
of 0.23 mg/min/deviate was determined for 2-heptanone. The absolute thresh-
old was found to be 8.97 X 10'4mg of 2-heptanone/L air.

Previous investigations (Mrak etal., 1959;
Ough and Stong,” 1961) “have shown that
measurements of odor-difference thresholds
with an_olfactometer could be reported in
terms of concentration of the test substance
In the inspired air rather than molar con-
centration of the test substance in a water,
egFerol, or oil solvent.

he present work was copducted to es-
tablish difference thresholds for 48 subjects
for 4 concentrations of 2-heptanone as well
as {0_determine the absolute threshold, The
validity of the methodology was tested, and
the difference thresholds™ were studied to
Fetermme whether they followed Weber’s
aw.

APPARATUS AND METHOD

Equipment. The olfactometer previously de-
scribed in detail (Ough and Stone, 1961) has
undergone several alterations. To improve ease
of sealing the joints, all connections from the mani-
fold to the main air stream were converted to ball
joints sealed with odorless, non-reactive grease
(Dow Corning 200 Fluid, Dow Corning Corp.,
Midland, Michigan) and held with C-clamps.
Three stainless-steel valves (Whitey Needle
Valves, Van Dyke Valve and Fitting Co., Oak-
land, California) were installed, one each between
the stopcock and the flow meter, to provide more
precise metering of air flow through the diffusion
bulb. A double-walled water bath improved tem-
perature control of the test liguid. To control
internal air temperature, a cooling and heating
system was installed in the air line. The air was
first precooled and then heated to the desired
operating temperature on passing through the heat-
ing coil. The temperature was set manually by

a rheostat controlling the heating element. In ad-
dition, an air conditioner was installed to control
room temperature. The inspired-air temperature
for this study was 24+£1°C at 40£5% relative
humidity.

Calibration of equipment. Air flow rates were
determined by methods specified for the meters.
To determine the actual amounts of 2-heptanone
delivered to the hood, a modification of the Iddles
and Jackson (1934) and Iddles et al. (1939)
method was employed. The odor-saturated air
(at varying flow rates) was trapped in a chloro-
form-dry ice bath, warmed to a liquid, and re-
moved with pentane. Since the pentane did not
freeze at this temperature (ca. —80°C), it was
added before the traps were removed, to prevent
any large loss of the 2-heptanone as it returned
to a liquid state. The solution was then transferred
to a beaker with the 2,4-dinitrophenylhydrazine,
mixed thoroughly, and placed in a hood to remove
the pentane and permit crystallization. After 24
hr the precipitates were harvested in sintered-
glass crucibles and dried to constant weight. Con-
trol samples were included with each test run.
Calibration by this technique revealed that only
63% of the 2-heptanone could be recovered; there-
fore this value was used as a correction term.
Further investigation revealed that the 2-hepta-
none reacted directly with this reagent to the
extent of 63%. The results of this calibration
(Table 1) indicated that the actual recovered
amounts were equal to the calculated amounts.
The calculated amounts were therefore used in
the calculations. The 2-heptanone was redistilled
in the laboratory hefore use, and the vapor pres-
sure was determined at the operating tempera-
ture by the static method. Calculations of the
amount of odor delivered were by a method re-
ported previously (Ough and Stone, 1961).

197
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Table 1. Comparison of calculated amounts of 2-heptanone with recovered amounts.

Recovered amount

Cal%aé?pn?moun[ Mean values dev%ﬁﬂ'on Range re’c\loov'e?fes
0.738 0.72 [
1.04 1.06 [
1.46 1.26 +.23 .925-1.45 4
191 211 2.06-2.17 2
2.39 2.24 .26 1.88-2.50 4
2.84 2.59 +.34 2.10-2.84 4
340 3.48 t.29 3.03-3.65 4
378 4.07 t.31 3.70-4.33 4
443 461 t.21 431474 4
4.89 4.76 t.27 4.41-5.06 4

Panel and design. The panel was a group of 36
men and 12 women, 18-55 years old, selected from
departmental staffs. About one-third of the panel
had had experience with this type of testing. Indi-
vidual sensitivities were determined at four levels
of 2-heptanone (1.16, 2.14, 3.14, and 4.14 mg/min).
Three concentrations were tested on each side of
each level: 094, 1.00, 110, 124, 134, and 150
mg/min for series 1; 1.60, 1.90, 2.00, 2.24, 2.40, and
2.70 mg/min for series 2; 2.40, 2.74, 2.94, 3.34, 3.49,
and 3.83 mg/min for series 3; and 3.04, 3.59, 3.83,

4.39, 4.67, and 5.2 mg/rrin for series 4. To con-

vert these values to mg/L air, it is only necessary
to divide these flow rates by 3.68 X 102 L per min
(the flow rate of the main air stream).

The method used was the constant-stimulus
method of paired presentation, regarded by Guil-
ford (1954) as one of the most accurate of the
psychophysical methods. The test method was
modified slightly by randomization of the reference
sample as well as the test samples. This would
tend to eliminate any operational errors, and also
help to suppress any position and order effects by
the subjects. Panel members were asked to choose
the sample within each pair with the more intense
odor of heptanone; “no difference” responses were
not permitted.

Seven randomized pairs were presented to each
subject each day for 4 days. All pairs were
randomized in all four series in one set of blocks.
Responses to the first pair, which served as
orientation, were not recorded. The effect of pre-
sentation of a sample of low concentration follow-
ing a sample of high concentration was investigated
by repeating the entire study with the panel
tested on a single randomized series at one session.
A definite testing time was assigned to each panel
member. To provide incentive, panel members were
told that rewards would be presented to all those
completing the study.

To eliminate conversation hetween subject and
investigator, a signal system was used: A green
light on a signal board directly in front of the
odor hood told the subject when a sample was
presented. The subject indicated the more intense
sample by pressing a button that lighted a bulb
in front of the investigator. Each sample was
presented for 10 sec, followed by 10 sec of puri-
fied air, with 15-sec intervals between pairs.

Statistical calculations. The method of maximum
likelihood, explained by Jones (1957), was used
to evaluate the data. The equation for the re-
gression line and the standard errors of estimate
of the deviates were determined. The data were
plotted on normal-probability paper, with the per-
centage of responses termed high being plotted
against stimulus concentration. The X~ analysis
was used to check for fit and homogeneity.

Since the reference points covered a relatively
large range of odor concentration, the data were
tested for agreement with Weber’s Law. Using
a method described by Jones (1957), proportions of
the difference stimuli to the constant stimulus were
plotted against percentage of the responses called
high. Maximum-likelihood solutions were deter-
mined at the four levels. Sums of squares and
cross-products from the separate regressions were
pooled, and a common regression was obtained for
all observations. The difference between the sum
of the residual sums of squares for the separate re-
gressions and the residual for the common regres-
sion is caused by the difference between the sepa-
rate regressions. If this difference, as xT is not
significant, the regression coefficients may be con-
sidered equal and estimated by the common re-
gression coefficient. The remaining sum of squares
may be partitioned into two components— coeffi-
cients and means. The x” value of the coefficients
should be insignificant if the data agree with
Weber's Law. The other portioned parts will be
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insignificant also if the data agree with the normal-
response law.

To complete the study the absolute threshold
for 2-heptanone was determined by the method of
constant stimulus with air as a reference. Abso-
lute threshold was defined as that concentration
detected by 50% of the panel. Seven pairs were
presented to each subject, with the first pair used
for practice. Judges were informed that some of
the concentration of odor would be very low,
possibly below threshold, but that a “no decision”
would not be allowed. A method outlined by
Jones (1957) was used to determine the threshold
value.

EXPERIMENTAL RESULTS

To determine the effect of training during the
first study, the first day’s samples were repeated
on the fifth day and the data subjected to %
analysis. The results are summarized in Table 2.
Though the analysis showed no significant differ-
ence between the subjects from the first day to the
fifth, some training had occurred as evidenced by
the high x2 value of 7.46 (compared to the low
of 1.48 for the second series). Therefore it was
decided to delete the first day’s data as representing
training and familiarization with the apparatus.

Since the study covered a wide range of odor
concentrations, order effects were tested. The data
were analyzed by determining the number of cor-
rect responses of a sample pair in the 1.16-mg/min
series when it followed itself or one of the higher-
sample pairs (2.14, 3.14, or 414 mg/min). A
test for homogeneity was carried out by x2analysis.
The results indicated that there was no significant

19

Table 2. Number of correct and incorrect re-
sponses on a daily basis for 48 subjects.

Test Day co'\rlPe'cI inc’g?fect gltrasI
Aa | 175 113 288
2 190 98 288
3 203 85 288
4 199 89 288
Total 767 385 1152
B" 2 190 98 288
3 203 85 288
4 199 89 288
5 194 94 288
Total 786 366 1152
"x2= 7.46 (not significant at 5% level).
bx2=1-48 (not significant at 5% level

heterogeneity: however, a definite trend was evi-
denced by the high value (x2=7.37). Closer
observation of the data by x2 analysis of the 1.16-
mg/min series vs. the 2.14-mg/min series indicated
an order effect of x2 = 58 (significant at 5%
probability level) ; therefore, the entire series of
4 levels of 2-heptanone was repeated. Instead of
randomizing all levels, each series was randomized
and tested separately, ie., on day 1, the 6 pairs of
the 2.14-mg/min series, and on day 2 the 3.14-
mg/min series. The data were then subjected to
X2 analysis for homogeneity compared with the
completely randomized series. No significant differ-
ence was observed between the randomized series
and the individual series (x2 = 0.42) ; therefore
the two series were combined and the difference

Table 3. Maximum-likelihood solution at four reference points.

i

concantration Source of X2 df

A) 116 mg/min
Regression 1
Residual 4
Total 5

B) 2.14 mg/min
Regression 1
Residual 4
Total 5

C) 314 mg/min
Regression 1
Residual 4
Total 5

D) 414 mg/min
Regression 1
Residual 4

Total 5

Analyses of regression
of

ssquu@res X Probability

1.3236 127.065

0.987 9.475 05> p>.10
14223

8165 78.38

1394 13.38 01> p>.001
9559

1.259 120.86

015 1.44 80> p>.90
1.274

1.4869 142.47

050 48 50> p>.30
15369
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Fig. 1. Plots of the two lower-concentrations series with percentage response vs. 2-heptanone
concentration and calculated regression lines and the standard errors of estimate.
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Fig. 2. Plots of the two higher-concentration series with percentage response vs. 2-heptanone
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Table 4. Weber proportions, percentage response, Weber fractions, and residual

four levels of 2-heptanone.

201

at each of

Reference level (mg/min) Xc

1.16 2.14
Weber a
propg)(mon Res
cha
~xT (oﬁé) Xe 6/%
293 85.4 262 79.2
155 68.8 121 54.2
069 61.5 047 69.8
-.052 50.0 -.065 396
-.138 30.2 112 30.2
-.190 115 -.252 229
Weber fraction E
0.246 0.325
X2 of residual (df = 4)
10.19h 14.08¢

;hor&se pr\%%(brﬁron ResaRPBse prg\{)%gbﬁ[)n Res ogse
igh |

3,14 414
r\t/)VEbr?iron Response
Prong 3
~x7 D/g Xc 6/%

220 823 256 84.4
1 66.7 128 76.0
064 60.4 .060 594
-.064 385 -.075 44.8
-127 323 -.133 26.1
-.236 125 -.266 9.4

0.231 0.225

132 4.82

aX is the difference from the reference concentration (Xc).
b 05> p>.02

c. 0.1> p>.001.

thresholds were calculated. It was felt that the
combined data would provide a more accurate
measure of the difference thresholds for the 2-hep-
tanone.

The percentage of responses called high vs. the
2-heptanone concentration (mg/min) was plotted
on normal-probability paper (Figs. 1 and 2). The
method of maximum likelihood was used for analy-
sis. For each series, regression lines, slopes, and
standard errors of estimate were calculated (Table
3). In only 1 series (2.14 mg/min) the regression
analysis resulted in a significant residual term ;
therefore the standard error of estimate was based
on the sum of squares of the X2term. The regres-
sion coefficients in this study indicated, as would
be expected, a greater sensitivity at the lower
concentration [3.S3 deviates/mg/min (A series)]
than at the higher concentrations [1.449 deviates/
mg/min (B series), 1376 deviates/mg/min (C
series), and 1.077 deviates/mg/min (D series)].

Test of Weber’'s Law. Table 4 gives the neces-
sary transformed data for the maximum-likelihood
calculations and the separate reciprocals of the
regression coefficient and residual %2 value at each
level. These Weber fractions are very similar
except for the 2.14-mg/min level. The calculations
showed that a highly significant x" residual was
associated with this regression coefficient. (This
was caused by the control values on the flow meter,
which had poor control characteristics in this
area, making it difficult to set the flows properly
at these set points). The inclusion of the 2.14-mg/

min level caused an increase in residual terms
sufficient to invalidate the test (both Weber’s Law
and normal-response law). For the remaining 3
series, there were no significant residual x2 terms
(Table 5), indicating close agreement with Weber’s
Law; a Weber fraction of 0.234 was found for
2-heptanone at the concentration levels studied.
Also, no significant deviation from the normai-
response law was found if the 2.14-mg/min series
was removed from the calculations.

Threshold determination. Threshold determina-
tions are summarized in Table 6. The study was
conducted on 2 successive days, with 6 pairs tested
each day. Four higher sample levels were deleted
from the calculations since the range in the lower
8 values was sufficient for the determination. The

Table S. Test of Weber relationship at three
reference levels (analysis of regression).

Source of X~ df SSr X Probability
Separate

regressions 12 01701 1633 20> p> .10
Means 200054 052 80> p> .70
Coefficients 200137 131 ,70>p> 50
Common

regression 16 01892 1816 50> p> .30
[N = 96]

Weber fraction 1= n = 0.234mg/min/deviate

*Estimated by the common regression coefficient.
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Table 6. Maximum likelihood solution for
threshold of 2-heptanone.
Source of X2 df sS Xs Probability
Regression 1 1.5251
Residual 6 01385 665 50> p> 30
Total 7 16636
Y =-1120 + 8.1078 (X -0.3039)
Md = 0.33 mg/mr
SE(Md) = 0.0

48 subjects had a mean threshold of 8.97 X 10 1
mg/L air for 2-heptanone at 24°C.

DISCUSSION

This study has provrded addrtronal infor-
mation _on t e us% (f ol actomet%r for
measuring odor thresholds. The lems
assocrate wrth trarnrng the paneI were minor,
as eyid ence d ana ysis for ho o-
genert y of the Gata for days 1to 4 vs.

to 5. The constant- strmlilus method, when
analyzed by the maximum-likelihood solution,
provided Sufficient data to determine the
difference thresholds for - -he Rtanone at four
concentrations, .and to obtar the absolute
thresp old ﬁll ithin .. days of testw

When the data were tsted b ebers
Law, there was good a?reemen over the
range of concentrations studied.. One of the
errors that can occur In all testrng methods
reflects the earnin effect of con-
stant-stimuli methods, learning e ects are
kept to a minimum. Anp magnityde esti-
mation scale or rating scale is certainly sup-
£ ect to r%ross errors ~of thgs type srnce the

ubject ust first create a frame of re erence
and a scale in his mind. Ough and Baker
(1961) reported that a perrod of learning
was nece?sar¥ before te fores hecomé
meanrnd he frame of reference rs te
constarlt strmut us In the constant met to

0 scaling system Is used. lve
Feve% tﬂgorh of Helson ( 3 IS tg Y)
a#e ted th en ﬁwould be expec ed that the

effect o the adaptive level on t e constant
method would be smaII Brief] g .the adaptive-
level theory considers the effects of memory
or past learning during the experiment, and

DETERMINATION OF ODOR DIFFERENCE THRESHOLDS

effects of asymmetrical experimental designs.
In the constant method, Where learning’ ef-
ects are kept to a minimum ang the desrons
of the expe ments are reasonably symmetri-
cal, the adaption  level should be very close
t0 the constant stimulus and have little effect
on the awaarent constant- strmuu concen-
tration. Wit tepresent data, order effects
were not evident in the randomized series.
When a sample pair from series D (4.14-
mo/mrn series) was followed by a sample
par from series A (1.16-mg/nfin  series),

ecis had no difficuity in their perception

e latter pa.

Iotted on pormal- nprobabrlrty paper the
data followed the nor al-response law. Sub-
Jects gave a slightly greater percent correct
responise to sample pairs on the_ lower side
of each series, This resulted in a slight
skewness that was not great enough to affect
the calculations.

REFERENCES

Guilford, J. P. 1954. “Psychometric Methods.”
2nd ed., p. 597. McGraw-Hill Book Co., New
York.

Helson, H. 1947. Adaptation-level as frame of
reference  for prediction of psychophysical
data. Am. J. Psychol. 60. 1

Iddles, H. A, and C. E. Jackson. 1934, Deter-
mination of carbonyl compounds by means of
2,4-dinitrophenylhydrazine. Ind. Eng. Chem.,
Anal. Ed. 6. 454

Iddles, H. A, A. W. Low, B. D. Rosen, and
R. T. Hart. 1939. Determination of carbonyl
compounds by means of 24-dinitrophenyl
hydrazine,  Water-insoluble carbonyl com-
pounds. Ind. Eng. Chem., Anal. Ed. 11, 102.

Jones, L. V. 1957, Methodology of preference
measurements. Report p-1101, No. 4. Quarter-

master Food and Container Inst, for the
Armed Forces. 202 p..
Mrak, V., M. A. Amerine, C. S. Qugh, and

G. A. Baker. 1959. Odor difference test with
Rpplrcatrons to consumer preferences. Food
esearch 24, 574,

Ough, C. S, and G. A. Baker. 1961. Small panel
sensory evaluations of wines by scoring. HX-
gardia 30, 587.

Qugh, C. S, and H. Stone. 1061 An olfactometer
for raprd and critical odor measurements.

J. Fond Sci. 26. 452.



21.9%

gast

ensiv

1%6(13

INCAP Vegetable Mixture 9 contains

protein, of which
70% comes from cottonseed " flour, 25%
from com-sorghum mixtures, and 5
oteln Bressanl et al., 1961h
stu |es in c hicks

an reIat|v yhtg
Its nutritive value "has “also

All-Vegetable Protein Mixtures for Human Feeding

VIII. Biological Testing of INCAP Vegetable
Mixture Nine in Ratsab
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Institute of Nutrition of Central America and Panama (INCAP), Guatemala, C. A.
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SUMMARY

The nutritive value of INCAP Vegetable Mixture 9 in young and protein-
depleted adult rats was studied. This mixture contains 28% lime-treated corn,
28% sorghum grain, 38% cottonseed flour, 3% kikuyu leaf meal, and 3%
torula yeast. When Mixture 9, skim milk, casein, or meat flour was fed com-
bined with different amounts of starch to give a range of dietary protein levels,
the nutritive value of the vegetable mixture for rats compared favorably with
that of animal proteins at the higher levels of protein intake. Both young grow-
ing rats and protein-depleted rats were used. The growth response was generally
less to the vegetable mixture at low protein levels than when animal proteins
were fed at the same dietary level, presumably because of a lysine deficiency
also observed in previous chick trials.

When the corn and sorghum comhbination was replaced in the mixture
by processed corn, sorghum, rice, whole wheat, or oats, no significant changes
were noted in the nutritive value. Furthermore, roasting, boiling, and lime-
treating corn and sorghum did not affect the nutritive value of the mixture.

fure 9 with several a Imal
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scribes the
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/0 from

E)Bressanl et aI Phe mixture.
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proteins at var-

It also de
effects of various methods

rocessing the cereal grain employed |n

Boiled corn and sorghum, grown and cultivated

by nttrogen -palance studies in children and
by 1ts use as the sole source of protein In
the treatment kwashiorkor (Scrimshaw
et al,. g Addltlonal Information on the
nutrltlve value of INCAP Ve%etabl e Mix-
ture 9 was obtained from experiments with
young and adult rats before the clinical
Studies were undertaken. This paper givesl

1This investigation was supported by grants
RF-NRC-1 from the National Research Council
(U. S.) and A-981 from the National Institutes of
Health.

bINCAP Publication 1-227.

cPresent address: Department of Nutrition,
Food Science and Technology, Massachusetts In-
stitute of Technology, Cambridge, Massachusetts.

in the highlands of Guatemala, were prepared by
cooking 1,000 g each of the two grains in the
autoclave with 1,000 ml of water for 15 min, at
15 pounds pressure (131°C), and drying with hot
air for 16 hr at 70°C. Germinated corn and sor-
ghum were prepared by soaking 1,000 g each of
corn and sorghum for 18 hr, germinating the seed
between filter papers for 24 hr, and drying as with
the boiled corn and sorghum. Roasted corn and
sorghum were prepared by roasting equal weights
of the two grains for 20 min in a small, electrically
heated, rotary coffee roaster, with roasting tem-
peratures varying from 180 to 220°F.

All grain preparations, when cooled and dried,
were ground in a Wiley mill to pass 30 mesh and
stored in bottles at 4°C until used. The source
and description of the cottonseed flour, lime-treated
corn, sorghum grain, and other ingredients of
INCAP Vegetable Mixture 9 have already been
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given (Bressani et al., 1961a,b; Scrimshaw et al,,
1957).

The animal proteins used were skim milk (fur-
nished by UNICEF), casein (V.F., Nutritional
Biochemical Corp.,, Cleveland, Ohio), and meat
flour. The meat-flour protein was prepared in the
laboratory from prime-quality fresh local beef by
drying for 24 hr with hot air at 70°C, grinding
in a meat grinder, and then extracting with pe-
troleum ether until free of fat. After a second
drying the meat was ground in a Wiley mill to pass
40 mesh and stored at 4°C. This material con-
tained 13.55% nitrogen.

The experimental animals were young and adult
rats of the Wistar strain of the INCAP colony,
assigned randomly by weight to the different ex-
perimental groups, so that the average initial weight
per group was the same. Unless otherwise speci-
fied, 3 female and 3 male rats were used per group.
They were placed in individual wire-screen cages
with raised screen bottoms. Water and feed were
given ad libitum. The young rats were weighed
every 7 days during a 28-day growing period.

Adult rats were protein-depleted by feeding on
a protein-free diet of 91% cornstarch, 4% cotton-
seed oil, 4% minerals (Hegsted ct a[., 1941), 1%
cod liver oil, and a complete vitamin solution
previously described (Manna and Hauge, 1953).

VEGETABLE PROTEINS

FOR HUMAN DIETS

After losing 22-25% of their initial weight, they
were fed the experimental diets for 14 days, with
weight changes recorded each 7 days. Diet con-
sumption was recorded and the diets were analyzed
for nitrogen using the Kjeldahl method.

The base in all experiments was INCAP Vege-
table Mixture 9 (Bressani ct al., 1961b), contain-
ing 28% corn, 28% sorghum, 38% cottonseed flour,
3% torula yeast, and 3%. dehydrated leaf meal.
Unless otherwise specified, the diets as fed con-
tained 10% protein, obtained by diluting the 27.5%
protein content of the mixture, and were supple-
mented with 5% cottonseed oil, 4% Hegsted
mineral mixture, 1% cod liver oil, and a complete
vitamin solution (Manna and Hauge, 1953).

RESULTS

Comparison with casein, skim milk, and meat
flour. The data of Table 1 indicate the growth-
promoting value of INCAP Vegetable Mixture 9
as compared to that of casein, skim milk, and meat
fed at four different levels of protein in the diet.
The diets were prepared by diluting the protein
in the vegetable mixture (27.5% protein), in
casein (89.5%), in skim milk (33.0%), and in
meat flour (84.7%), to a calculated protein level
of 5 10, 15, 20, or 25%. Growth at all protein
levels was slightly less for the vegetable mixture

Table 1. Effect of different corn-sorghum combinations on the nutritive value of Vegetable

Mixture 9“ (3 males, 3 females/group).

Variation in |n|.ti'%|[
cornsorghu wel%
compination (g
[. Growth trial 0
100% corn 57
75% corn & 25% sorghum 57
50% corn & 50% sorghum 57
25% corn & 75% sorghum 57
100% sorghum 57
Casein & 0.3% cystine 59
[1. Depletion-repletion trial '
100% corn 131
75% corn & 25% sorghum 128
50% corn & 50%. sorghum 139
25% corn & 75% sorghum 136
100% sorghum 136
Skim milk & 0.3% cystine 155

Av
we&{%]t

0 FEC PER.

121 4.47 1.54

112 4.70 1.46

124 4.30 1.60

120 4,53 1.52

120 4,65 148

103 3.21 191
63 421 1.63
63 421 1.63
60 4.45 1.54
69 401 171
70 3.95 1.74
66 3.2 1.94

“Vegetable Mixture 9: 280/t0 lime-treated corn, 28% sorghum, 38% cottonseed, 3% kikuyu

leaf meal, and 3% torula yeast.
“All diets contained ap))

No. 2 mineral mixture, 2%

to 100%, and 4 mI/100 g of a vitamin solution
cFeed efficiency: food consu.med/welght
dProtein efficiency ratio: we|%ht gain
OExperimental périod lasted 28 days.
LExperimental period lasted 14 days.

roximately 14.55% protein and were supplemented with: 5% NBCo
cod liver oil, 5% cottonseed oil, 2% alphacel,
(Manna and Hauge, 1953).
ain,

prolgein consumed.

cornstarch to adjust
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than for casein. Feed efficiencies were similar.
Protein efficiency ratios were higher with casein
at low protein levels, but similar at the 10 to
25% levels for the two protein sources. With both
Vegetable Mixture 9 and skim milk, growth in-
creased in direct proportion to the increase in their
protein levels, and feed efficiencies improved pro-
portionately. Protein efficiency ratios were higher
for skim milk than for casein or for Vegetable
Mixture 9 at low protein levels, and similar at
higher protein levels.

Only four protein levels were compared for
Vegetable Mixture 9 and meat flour. Again,
higher levels of protein in the diet resulted in
higher weight gains from both protein sources,
and at all protein levels the weight gains were the
same for both the vegetable mixture and the meat
flour. As protein levels in both foods rose, feed
efficiencies also improved. Protein efficiencies were
again slightly higher with meat flour than with
Vegetable Mixture 9, particularly when the pro-
tein levels were low.

Effect of different corn-sorghum combinations.
In these experiments, the corn and sorghum per-
centage distribution varied from 100% corn and
0% sorghum to 0% corn and 100% sorghum. The
other ingredients of the mixture remained at 38%
cottonseed flour, 3% torula yeast, and 3% de-
hydrated leaf meal, before adjustment at 10%
protein. Tahle 2 gives the results of two trials.
In the first, weight gains and feed and protein
efficiencies were similar in both the 100% corn and
100% sorghum diets to those of the other groups.
In the second, a protein-repletion experiment, the
casein control group had less weight gain but
the feed and protein efficiencies were similar to
those of the other groups. The repletion weight
gain and feed and protein efficiency for the skim
milk control group were similar to those of any
of the combinations of corn and sorghum in the
basic formula, and none of these variations ap-
peared to alter the protein value of the mixture.

Effect of treatment of the corn and sorghum.
Because corn and sorghum are important in Latin-
American diets (Bressani et al., 1958, 1959; Bres-
sani and Rios, 1961), tests were made to determine
the effect of various methods of preparation of
these grains on the nutritive value of Vegetable
Mixture 9. Five diets (partially described in
Table 3), each containing approximately 15% pro-
tein, were fed for 28 days to 5 groups of rats.
Weight gain was highest in the groups fed the
vegetable mixture containing corn and sorghum,
either raw, boiled in water, or cooked with lime.
The other two groups fed the vegetable mixture
with germinated or roasted corn and sorghum
showed lower weight gains and feed protein
efficiencies.
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Substitution of other cereal grains. The same
cereal grains or combinations, other than corn and
sorghum, that were tested in chicks (Bressani
et al., 1959, 1961a) were also tested in rats. The
experrment consisted of feeding variations of Vege-
table Mixture 9 and a control diet of skim milk
to 8 groups of rats. Table 3 gives the results and
a partial description of the diets.

The oat cereal-based Vegetable Mixture 9 re-
sulted in the best growth, slightly lower than that
of the skim-milk control group. The descending
order of weight gain for rats fed the other cereal
grains was as follows: whole ground wheat, rice,
wheat flour, and whole ground corn. The lime-
treated corn-oat mixture and the lime-treated
corn-rice mixture induced growth and feed -effi-
ciencies similar to that observed with the rice and
wheat-flour diet, but lower than those of oats and
higher than those for the mixtures containing only
raw corn. For rats receiving either skim milk or
any of the cereal diets, protein efficiencies were
very similar except for the lower value for the
group receiving wheat flour,

Comparative repletion of protein-depleted rats.
Table 4 shows the results of two trials indicating
that the vegetable mixture with 15% protein pro-
duced repletion weight gains comparable to those
observed whai the skim milk and casein or meat-
flour diets were fed at the 10% protein level. Even
at the 10% protein level the casein and vegetable
mixtures gave similar repletion weight gains.

DISCUSSION

Previous (Bressanr et al., 1961a) and
Present testing of \/e etable” Mix-
ure 9 showed that the 56% of cergal In

te corn an sorghum formula could be
ﬁore equally by corn,_sorghum, or any
brnatro the two, The?{ also showed
tat round rrce oat, and wheat or wheat

ror a be substrtut%d for ghe round corn
sorghum _In the Dbasic form a without
affeﬁtrn% nutritive value srgnr icantl
omparison of Vegetable Mixture 9
with various animal profeins further Indi-
cates that the rrlrxture is of good nufritive
value, partrcuaY higher protein eves
It is well known that amino acid deficiencies
roteins hecome more evident at lower
Iev IS of dietary protein. than. at higher
levels, and an amino acid geficiency “can
often. be corrected either by increasing the
Protern level in the diet or the protein
ntake (Harper, | t levels™ lower
than 10%, of protein in the dret the animal
proteins induced better growth than the
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Table 2. Twenty-eight-day comparisons between the nutritive value of Vegetable Mixture 9
and casein, skim milk and meat flour at different protein levels in the diet (3 male and 3
female rats/group).

Ay, Av.
0 . Vi initial weight
e T wRler WERORT cr eens
Vegetable Mixture 9¢d  17.0 5.82 47 22 139 1.23
Vegetable Mixture 9¢'d  34.0 10.28 44 84 48 2.03
Vegetable Mixture 9'd 510 1478 45 133 34 2.00
Vegetable Mixture 9ri  68.0 18.48 44 149 3.2 mn
Vegetable Mixture 9°d  85.0 2261 45 156 2.9 151
Casein 6 50 573 47 30 95 1.83
Casein * 10.0 10.25 44 96 4.2 2.29
Casein 0 15.0 15.31 45 142 3.0 2.14
Casein’ 20.0 20.10 44 154 21 183
Casein ¢ 25.0 24.91 44 184 2.3 173
Vegetable Mixture 91 185 5.16 50 17 176 114
Vegetable Mixture 9° 370 10.58 50 89 46 2.04
Vegetable Mixture 91 55.6 1548 50 125 35 1.85
Vegetable Mixture 9 74.1 19.60 50 129 31 1.67
Vegetable Mixture 9' 90.0 24.50 50 147 2.9 142
Skim milk s 15.6 5.70 50 36 75 2.34
Skim milk E 31.2 10.26 50 17 34 2.88
Skim milk s 46.8 14.31 51 127 31 2.24
Skim milk s 62.4 19.62 50 148 2.6 1.94
Skim milk B 78.0 2353 50 133 2.9 1.48
Vegetable Mixture 9" 3.0 11.64 52 74 6.5 133
Vegetable Mixture 9" 55.6 14.48 51 113 41 1.70
Vegetable Mixture 9" 74.1 21.09 51 138 3l 151
Vegetable Mixture 9" 90.0 24.36 51 156 2.8 1.48
Meat flour " 11 12 51 54 6.0 1.49
Meat flour " 16.7 14.33 51 123 31 2.21
Meat flour " 22.3 19.81 51 130 3.2 1.60
Meat flour " 21.8 25.36 51 1mn 2.6 152

*Feed efficiency: food consumed/average weight gained.

bProtein efficiency ratio: average weight gain/average protein consumed.

cLime-treated corn 28%, ground sorghum 28%, cottonseed flour 38%, kikuyu leaf meal 3%,
and torula yeast 3%.

“All diets were supFIemented_with 4% NBCo No. 2 mineral mixture, 0.3% cod liver oil.
(4.3, 3.6, 2.9, 1.4)% cottonseed oil, &1.9,. 14, 10, 0.52% alphacel, enough cornstarch to adjust
to 100%, and 4 ml per 100 g of a vitamin supplement (Manna and Hauge, 1953).

"All diets were supplemented with 4% NBCo No. 2 mineral mixture, 0.3% cod liver oil, 5%
cottonseed oil, 2.4% alphacel, enough cornstarch to adjust to 100%, and 4 ml per 100 g of a
vitamin supplement (Manna and Hauge, 1953).

‘A1l diets were supplemented with 4% Hegsted mineral mixture, 1.0% cod liver qil, 5%
cottonseed oil, 10% cornstarch, sugar to adjust to 100%, and 4 ml of a complete vitamin' sup-
plement (Manna and Hauge, 1953%.

EAIl diets were supplemented as in /, plus 2% celluflour.

"All diets were supplemented with 4% salmina mineral mixture (Bressani Ct ah, 1961b),

1% cod liver oil, 5% cottonseed oil, enou?_lh cornstarch to adjust to 100%, and 4 ml of a
complete vitamin supplement (Manna and Hauge, 1953).
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vegetable. mixture, presumably because of
aniino acid deficiencies In the vegetable pro-
tein mixtyre. Previous Studies Showed that
lysing In Vegetable Mixture 9 was I|m|t|ng
for the chick” (Bressani et al., 1961a), an
the same appears to be true for rats’ when
this. mixture. is fed at low protein levels.
The pratein-efficiency ratio of Vegetable
Mixture 9 af hl(IJher protein levels In the
diet was similar To that of the animal pro-
teins tested, Suggesting that the. nuritive
value of the vegetable” mixture is slightly
lower than that “of the_animal ptotfms &
tested. in the young rat. The biological deter-
mination of nutfitive value of "~ Aegetable
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Mixture 9, however, showed it to be very
similar to animal proteins in protein ualltY.
Certainly 1t 15 possinle to develop vegetable
mixtures closely approac_hln? the nutritive
value of good-quality animal proteins such
as eqgs, milk, and neat. Such a conclusion
IS supported hy the results obtained with
the_adult protein-depleted rats. _
.Since com and sorghum are prepared in
different ways for consumption” In° Central
America, it was considered important . to
determine the extent to which the nutritive
value of Vegetable Mixture 9 would be af-
fected by the treatment. Most of the treat-
ments tésted are commercially available and

Table 3. Effect of the substitution of lime-treated corn and sorghum grain in Vegetable
Mixture 9 by other corn and sorghum preparations and other cereal grains (3 male and 3 female

rats/group, 28 days).

0

Vana'{ha&thnre\/ggaetable proé{grg in
Whole ground corn and

sorghum grain d'* 13.50
Lime-treated corn and

boiled sorghum d' 14.10
Boiled corn and

boiled sorghum "' 14.20
Germinated corn and

germinated sorghum de 14.40
Roasted corn and

roasted sorghum d' 1370
Whole ground cornr'8 1381
Whole ground wheatf-8 14.74
Oats 'es 15.58
W hite rice'18 1397
Wheat flour *'8 15.05

15.07
13.99
16.28

Lime-treated corn and oats f'8
Lime-treated corn and rice f'8
Skim milk"

il i

KOk Xl FEb PERe
61 132 35 210
61 140 35 2.04
61 128 35 202
61 120 38 161
61 126 37 199
19 128 35 205
1 143 34 197
50 151 33 193
50 134 36 201
50 135 36 185
19 133 34 195
19 136 36 198
I 158 30 201

"Vegetable Mixture 9: 28% lime-treated corn, 28% sorghum grain, 38% cottonseed flour,

3% kikuyu leaf meal, 3% torula yeast.
"Feed efficiency: food.consumed/avera%e
‘Protein efficiency ratio: average weig

weight gained.
t gain/average protein consumed.

dThe percentages of cereal grains in a'were replaced by the same percentage of the treated

grains as jndicate

"All diets were suRpIemenLed with 1% cod liver oil, 4% Hegsted mineral mixture, 4% cot-

tonseed oil, cornstarc
(Manna and Hauge, 1953)

to adjust to 100%, and 3 ml/100 g of a complete vitamin solution

The percentages of cereal grains in a were replaced totally by the cereal indicated.

8AIl diets were supplemented with 1% cod liver oil, 4%

egsted mineral mixture, 4% cot-

tonseed oil, 20% sugar, 20% cornstarch and 3 m1/100 g of a complete vitamin solution (Manna

and Hauge, 1953
"This

“diet _c%)'ntained 46.8% skim milk, 2% celluflour, 21.2% sugar, 20%
1% cod liver oil, 4% Hegsted mineral mixture, 5% cottonseed oil, and

cornstarch,
ml/100 g of a com-

plete vitamin solution (Manna and Hauge, 1953).
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Table 4. Repletion of protein depleted rats with Vegetable Mixture 9, skim milk, casein,

whole egg, and meat flour.”

% .

T reatment tesltnp rQetteln ro%ern 3
Vegetable Mixture 9 37.0 10.19
Vegetable Mixture 9 55.0 15.03
Skim milk 313 10.48
Casein 11.0 9.70
Whole egg 155 10.04
Meat flour 12,0 10.60
Vegetable Mixture 9 37.0 10,58
Vegetable Mixture 9 55.0 14.09
Vegetable Mixture 9 74.0 19.29
Skim milk 313 10.05
Casein 11.0 8.77
Meat flour 12,0 9.94

Av,
w”e'r“h' "

A FE»  PER.
158 482 5.6 174
158 59 2 42 158
158 714 35 272
158 69" 38 270
158 76 33 303
158 75 35 269
175 41c 32 3.00
174 55 24 291
175 66" 20 257
175 5 * 23 430
175 42° 29 396
175 52° 26 393

“All diets were supplemented with 4% Hegsted mineral mixture, 5% cottonseed oil, 1% cod

II_rlver oil, cornstarch to adjust to 100%, and
auge, .
gFeed efficiency : food consumed/weight gain.

ml of a complete vitamin solution (Manna and

cProtern efficiency ratio: weight gain/protein consumed.

a3 male and 3 female rats/group;
06 male rats/group; experimental period, 7

culd be used in the industrial production
of vegetable mixtures,

Roasting and vapor-heating  treatments
have been shown ost likely” to decrease
the area{ low nutrrtrve ualit of cereal
proteins (Liener, : everh eless, the
experrments carrred out with raw, lime-
treated, hoiled,  roasted, or germinated corn
and sorghum in the mixture showed that
these tréated cereals dig not alter Mixture
9's nutritive value significantly. Since some
of these treated cereals keep hetter than
raw cereas it would be advantageous ¢
use them: the trea Tnts estroz/ Zh/ %
activity, and the final product Can t
stored” for longer perjods.

The exRerrmentT also show%d thgt a Va-
riety of other cereal grains can be substituted
for"corn or sorghum . in the vegeta e Mix-
tyre wr hout aIterrn% rt% nutritive value, pro-
vrdrng e proportion of the protein from cot-
tonseed flour Is not altered. " These make the
Vegetable Mixture 9 formula more adapt-
able to parts of the world where corn and
sorghum are not grown Oats, whole wheat,

f? rrcfe actuall |mBroved the nutritive

the mixture tUrther, since cormn, as
|s well known, has perhaps the lowest pro-
tein quantity among' the cereals.

experrmental period, 14 days.
days.

REFERENCES

Bressani, R., and B. Rios. 1961. The chemical and
essential amino acid composition of twenty-five
selections of grain sorghum. Cereal Chem.
(in press).

Bressani, R., R. Paz y Paz, and N. S. Scrimshaw,
1958. Corn nutrient losses. Chemical changes
in corn during preparation of tortillas. J. Agr.
Food Chem. 6, 770.

Bressani, R., A. Aguirre, and N. S. Scrimshaw.
1959, AII-vegetabIe protein mixtures for hu-
man feeding. [1. The nutritive value of corn,
sorghum, rice and buckwheat substituted for
lime-treated corn in INCAP Vegetable Mix-
ture Eight. I. Nutrition 69. 351.

Bressani, R., A. Aguirre, L. G. Elias, R. Arroyave,
R. Jarquin, and N. S. Scrimshaw. 1961a. All-
vegetable protein mixtures for human feeding.
IV. Biological testing of INCAP Vegetable
Mixture Nine in chicks. J. Nutrition 74, 209.

Bressani, R., L. G. Elias, A. Aguirre, and N. S.
Scrimshaw. 1961, AII-vegetabIe protein mix-
tures for human feeding. [11. The development
of INCAP Vegetable Mixture Nine. /. Nu-
trition 74, 201.

Harper, A. E. 1959. Sequence in which the amino
acids of casein become limiting for the growth
of the rat. J. Nutrition 67, 109.

Hegsted, D. M., R. C. Mills, C. A. Elvehjem, and
E. B. Hart, 1941, Choline in the nutrition of
chicks. J. Biol. Chem. 138. 459.



R BRESSANI, L. G. ELIAS, AND N. S. SCRIMSHAW

Liener, 1. E. 1950. The effect of heat processing
and storage on the nutritive value of proteins
of importance in the cereal industry. Trans.
Am. Assoc. Cereal Chem. 8, 162.

Manna, L., and S. M. Hauge. 1953. A possible
relationship of vitamin B« to orotic acid.
/. Biol. Chem. 202, 91.

Scrimshaw, N. S., R. L. Squibb, R. Bressani, M.
Béhar, F. Viteri, and G. Arroyave. 1957.
Vegetable protein mixtures for the feeding of

29

infants and young children. In “Amino Acid
Malnutrition” (William H. Cole, ed.) p. 28.
Rutgers University Press, New Brunswick,
N. J.

Scrimshaw, N. S., M. Behar, D. Wilson, F. Viteri,
G. Arroyave, and R. Bressani. 1961. All-
vegetable protein mixtures for human feeding.
V. Clinical trials with INCAP Mixtures 8
and 9 and with corn and beans. Am. J. Clin,

Nutrition 9, 196.



RESEARCH NOTE

Some Properties of the 2, 4-Dinitrophenylhydrazine Derivatives
of Diacetyl, a-Acetolactic Acid, and Acetoin.a

During analyses of carbonyl compounds
from the’ flavor concentrates of butter cul-

tures, It was qbserved that, regardless of

reaction condrtrons a-acetolactic’ acid and

acetom yiel ed three derjvatives with 2 4-
mrtroR‘hen}X ydrazine  (DNP) : dracetyl
bis-(DNP-iydrazone), diacetyl DNP-hy-

drazone, and acetoin DNP-hydrazone. Prop-
ertreﬁ of the last two derrvatrves and methods
or their sepraratron ave not been previously
reported.  This note relates methods for
characterrzrn the above derivatives and re-
potrts some f their observed physical prop-
erties.
A mixture of the three aforementioned
P-hydrazine derivatives resulting from
a- acetolactrc acid or acetom may be se arated
Into two fracﬁrons h J e silicic acid 8
ce ure of Wolfrom Arsenault (1960).
e faster- movrrIrJquractron was id ntr Iéd
as diacetyl drazone), whereas
the slower of the two fractrons was_later
oun to contam a mixture of the DNP-
Iyrazones of acetoin and djacetyl. The
sfower- movrng fraction, in ethylene chlorige,
was c hromatographed on a cqumn contam
art ma nesium oxid e (dried 380°C
S) 0 parts Cel |te 545 (dried
150° An 18-mm-ID column con-
faining 10g fpackrng Was adequate De-
velopment Wwith ‘ethylene. hIorrdg ave two
bans Thefaster band, rentrfre sacetom
drazone, agtﬁ)e Prn when the
zone W s.comp act on the column and with
diffusion it exhrbrted a tan col or T e s ower
band, identified as the dracetly V
zone) gave.a cherr re color on the cofum
Dracet}/l bis- DN razonel) If It Were
resen wou #)ear as a blue pand and
wou move S| ow han the mona derivative.
_Properties ? the auth endtrc derivatjves are
grven In Table Istinguishing cri-
erion for diacefyl DNP-hydrazone™ and
acetoin DNP-hydrazone is the albso rption
maxima In chloroform and alcoholic
It should be noted that the acetoin derivative
differs from data reported previously (Pat-

*Supported by funds granted by the American
Dairy Association.
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Table 1. Properties of 2,4-dinitrophenylhydrazones.

Ci)rl]or
2,4-DNP-  Melting \ ax 0-
de e B
Bis-

Diacetyl 318 430,394 540 Purple
Diacetyl 175 355 500 Reddish Pink
Acetoin®  178-79 327,259 510,382 Bright Pink

"Soluble in water.

ton et al., 1958: Day et al., 1960). Afrac

tion identical fo that rert)orted %y tese

workers was observed In

zine derivatives of authentrc acetom but

rnfrared d(ata did not revea Its identi g
Infrare ﬂec ra grovre an aqditional

method of di erentr ing DNP-hy razones

of acetoin and_ diacetyl. é)ectra taken o

the acetoin derivative In KBr pe lets reveal

strong absorption bands—a doublet, in the

OH regron at 3333 cm-1 and 3460 cm"—

whereas the mono-DNP-hydrazone of dia-

cetyl ?ave a strong band at 1685 cm-l,
charac errstrc of the carbonyl hand,

It [s evident thaIt more surtable means
soud be em IoYed or quantrtatrve analysis
of the afore entioned compounds, yet their

ydrazine derrvatrves will occur dur-
mg carbong ana aysrs and must he accounted

i hrom ograp ?/ provides a more
suitable means of quantr atrve separatron of
dracetyl and acetom V {, acetoin ;
diacetyl |ez(j)nh nthrf regard
It was observe that acetor rssurnﬂ rony the
exhaust of a gas chromatograph had no
odor.

R. C Lindsay and W. E. Sandine

Day DepartmentoercrobroIogy
Departmentof Food Oregon State University
and Dairy Technology  Corvallis, Oregon
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