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C. F. COOK aand R. G. WRIGHT b
University of Sydney, N.S.W., Australia

Alterations in the Contracture Band Patterns of Unfrozen
and Prerigor Frozen Ovine Muscle Due to Variations

in Post-Mortem

SUMMARY

Samples of unfrozen and prerigor frozen
ovine semitendinosus muscle were incubated
for 24 hr post-mortem at six temperature levels
between 0 and 40°C. Examination of electron-
micrographs showed that variations in tem-
perature caused muscle fibers to be in various
states of contraction. The variations in sarco-
mere length of unfrozen and prerigor muscle
did not follow any specific course in relation
to temperature. All the observed transverse
striations were definable components of the
sarcomere.

Prerigor frozen muscle incubated at 30 and
40°C showed severe disruption of the Z lines.
However, Z-line material was observed to be
present in a disoriented state. H zones and M
lines were observed in all samples, and their
boundaries were clearly defined. The lengths
of the H zones and M lines were constant
among all treatments.

INTRODUCTION

Numerous investigators _(Bendall and
Wismer-Pedersen,  1962; Cassens et al,
1963a,b; Elliott, 1965|) have reported the
appearance of Irreqular transverse bands in
pos_t-rlgor_ orcing musculature, usually as-
sociated with muscle that has passed through
rlgé)r at elevated temperatures. Ramshottom
and Stranding (1949) reported a similar
phenomenon In beef muscle which had been
cooked prerigor. _ _

The processes involved in the formation
of these bands have not been clearly elu-
cidated. Bendall and Wismer-Pedersen
(1962) have progosed the ,theorg that the
bands are formed by RfECIpIta’[I n of the
sarcogl smic \Protems, whereas Cassens et d.
1963¢) have presented microscopic evi-
ence ug%estlnq,that the bands, are caused
by severe disruption of the myofibrillar pro-
teln% during viglent contractian.

The type of contracture band pattern*

Ze%“’}xﬁmaﬁ Bty B it ALs

g, .. L
neysggﬁg%%@ | |lcjrs?rsac€ge Unit, University of Syd-
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Incubation Temperature

found in thaw rigor musculature ag ears to
vary among species, Thoennes (1940) and
Cassens et al. (1963c) have noted the pres-
ence of wrepular fransverse striations in
thaw-n%or ffog and pI199 muscle, whereas
Marsh and Thompson ( 582 and Kaminez
(1962) observed the complete dlsagpe_arance
of all transverse striations, and th dleUéJ-
lg:]orgclgf the sarcomere in" sheep and frog

uscle. »

Because of the conflicting nature of the
evidence as to the effect of post-mortem
treatment upon muscle ultrastructure, an ex-
periment was conducted to investigate the
effect of post-mortem incubation fempera-
tures. upon the contracture band patterns and
the fiber ultrastructure of unfrozen and pre-
rigor frozen ovine muscle.

EXPERIMENTAL

Materials. Both semitendinosus muscles were
removed from two lambs immediately after slaugh-
ter.  Electron-photomicrographs viere prepared
from specimens of unfrozen and rerlgor frozen
tissue which had been incubated for 24 hr post-
mortem at 0, 5 10, 1S, 20, 30, and 40°C.

Methods.  Within 10 'min of slaughter, both
semitendinosus muscles were removed and cut into
14 strips _approxmatelg 3.¢m long and 05 cm2in
cross-sectional area. Each strip was prepared so
that the fibers were parallel to the Ion(% axis,
Seven strips, which had previously been attached
to a_thin rod at either end, were placed in sealed
?Iastlc bags and frozen in a dry ice-ethanol mixture
or 40 min. Six strips of frazen muscle, toqether
with 6 stngs of unfrozen muscle, were incubdted at
0,5 10, 15 20, 30, and 40°C for 24 hr in a moist
atmosphere, The unfrozen strips were placed in
the_incubation chambers within 10 min post-mortem,
while the frozen samples were incubated Upon
removal from the freezing mixture. The remaining
unfrozen and frozen samples were prepared for
immediate histological examination. _

After 24 hr of ‘Incubation, a Specimen, approxi-
mately 2 fibers thick and 05 ¢m long, was obtained
from the center of each musc_le_strgj. The samples
were fixed in 02M 6.5% redistilled gluteraldehyde
in pH 7.2 cacodylate buffer for 4 hrat 4°C, aiter
which they weré rinsed in 0.2M cacodylate buffer
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Table 1. The me nrqghs of the contract re
in fr% Zen or muscle

rf §S 865 erihe commencemer?t oﬂg shortening

Treatment

Band = Unfrozen = Frozen

Sarcomere 115 109
A band 101 094
[ band b
Z line 011 016
I zone 010 0.14
1 line 0.05 0.08
idths pf bands x ressed in
WOE) drscernib P P

(pH. 7.2) and_ finall 1y fixed for 2 hr in Palade's
osmrum tetroxrde he samples were dehydrated
in a series of graded acohols and embedded in
aralditc. Sections 600-900 A thick were. prepared
and mounted on formavar grids and stained” with
Karnovsky stain (1961). The sections were ex-
amined in"a Siemens Elmiskop electron microscope.

Duplicate photographic prints at X30,000 were
Prepared for' measurement of the sizes of the con-
racture_ bands. _Five individual sarcomeres from
each print provided measurements of the lengths
ofdthe]j sairrcomere A band, / band, Z line, H z0ne,
an ine

RESULTS AND DISCUSSION

The electron micrographs showed that
Prerr or freezrng and “in ubatron tempera-

ure "had a srg | |cant |nf uence upon the
nature and m r%;nrtue of the contracture
an S, ow standard deviations (0.001 to

£0.004 p) were noted with respect to size

r to the onset of rigor
N _
ftracted (sarcomere =

) e

il

mere =

CONTRACTURE PATTERNS IN OVINE MUSCLE

of bands among the sarcomeres measured
In one print and” between the two prints and
two anrmals

Effect of Brerrgor freezrngf Fig. 1 a(ab
shows the fibers of prerig or rozen and un-
frozen trssne tobeinah 9 contracted
state. Smaller mean sarcomere fengths (L.09
il) were Qbﬁerved in th? frozen tissue, Ing-
ctrngahrg er degree of contraction. Varia-

tions”in A” band Size were associated with

0 r224Pre or unfrozen trssue mcubated at
a sa comere =

ern.
(b) gsarco

8 3 ] ci il
? C 0
y é}; oYrvr quaroaﬁp% J{F"n aHd

S“l%t COHVEXI Ments wi

arew.ngjr'oargrngr i,
g T

(b) W’ ﬁ onl}r]acted ofr rrIs saro
Erarnr? alsa ihe ajnepe,ar%nc(ej oPy nré@u ar r?ense

Masses wrthrn f
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sarcomere length. Freezing had little effect
ut%on the lengths of the H Zones and M Tines

AIthou h freezmgo had a smaII effect upon
sarcomere and ang h, 1t did not
cause any. violent dlsonentatlon of the actin
and myosin filaments.

Effect of temperature on contracture
band patterns of unfrozen muscle. The
electron micrographs EFI s. 2,3, 4) showed
differences in the con racture band patterns
among tissues Incubated at various tempera-
fures.” The data ( abIe 22 show that tiSsues
Incubated at 1 F [espective
mean sarcomere Iendths of 16/ and
and had not contracted to the same extent
as tissues Incubated at 5, 20, and 40°C,
which manifested mean sarcomere Ien%ths
between 100 and 117 n, | hands,
measunng 0.53 and 040 <uwere noted In the

30°C samples The 10°C sample ex-
hibited irregular, dense masses withiin the
sarcomere.
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ReI xeda

thel ame sec fmté) traCtedDatg/(? étl)tl wlt%rr
24 hr POSt-mor em gnrfrcatron X6.150,

28
UNFROZEN

BAND LENGTH w

o4l

A TYPE A RELAXED

B TYPE B CONTRACTED
— SARCOMERE

-= A BAND

[

o 5 10 20

30 20

INCUBATION TEMP °C

. Fig. 6., Variation in th
rncubat]edﬁat Various rtempereat

CONTRACTURE PATTERNS IN OVINE MUSCLE

The nature of the contractyre bands ob-
served in the 0°C tissue was highly variable,
Both contracted and relaxed” fibers. were
noted among the myofibrils of the tissues.
This phengmenon was demonstrated cIearIIy
In one section, showrng adjacent myor rifs
In relaxed and contractéd states (Fig. 5

Although there was a great Varfation in
sarcomere length and A and | band length
between treatments, no treatment effect was
noteld upon the lengths of the H zones and

The obser Tatron that all transverse stria-
tions were definite components of the sarco-
mere does not concur wrth findings of Cas-
sens et al. (1963ah 65), and

anc), EIIrot{
ﬁamsbottom and Strandine (?9’)

ave reported the occurrence “of Irre uIar
bands rn porcing and bovrne muscyldture.
The nonappearance of irreqular striations In
oving musculature su n{ected to eIevated tem-
peratures, post-mortem may suggest the ex-
Istence of differences in some~Of the post-
mortem i chemrcalractrens among, SpECIes.

Loc er (1960), witn untrozen bovine mus-
cle, and Cook ‘and Langsworth (1966ar?
wrth unfrozen and prerigor frozen ovine

28p

PRE RIGOR FROZEN
24}
20t
L
T
5 et H
z \
w
- x
fa) -~
Z  |2¢ - .\x
< -
o /
/
N\,
[e2:13 \./
B NO DISCERNIBLE
BANDS
o4} —— SARCOMERE
—— A BAND
N . . .
o 5 10 20 30a 40 b

INCUBATION TEMP °C

Iuerngtttt)se t\(xlfeesrarﬁowges f(arrrdZLf\hbands in upfrozen and frozen muscle

I post-mortem.
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muscle, demonstrated differential shortening
of the fibers after incubation at 0st-morten
temperatures. between 0 and 40°C. Short-
ening of bovine and ovine musculature Was
maximuym after 24 hr at 0 and 37-40°C, while
slr%oatgnéng was minimum in the region of
The sliding-filament theory of muscle con-
tr ctron as Iﬁ)roposedb Harison and Huxley
Huxley and Nredergerke

954 su§

M

ests that Sarcomere lengths d
crease rtionately with the extent of
fiber contr ctron THIS decrease IS wholl
a decrease In | band lengt
b¥ an alteration in the SIzé 0

he data presented In this an
In a revrous study (Cook and. Langsworth,
1966) do not su Qort these findings, since
no relation was obServed between sarcomere
en th and the percent shortening undergone
g/ 1hers subjected to varrous ost-mortem
témperatures (1 = for un-
rozen and frozen resp ectrvelgl) T e lack
of a significant correlation bétween sarco-

[ R

7"0Frozen ’rﬁrerr or and thawed for 24 hr
° V&‘o trac ét? myo |br|Is (sarcomere =

) racted myo |br|I sarcomer
§‘( owrng broa ana orfy ouﬁrned

° Co tracted myofibrils, ( Sproomere =
gran u[e}tror:h 0 tﬁe me>)4rt4frlame|r|rtsFQD

t
a
(b

h
(b)
(c)

C

805

mere Iength and extent of fiber contraction
rh rﬁrossrb y be associated with the phe-

e on of"a pro ortronate (ecrease in A
ban gh with,  decreasing sarcomere
length (Table 2 ng b), Srmrlar ob serva
trons have been made rn roo muscle Iy

(1964), who postulated that the prop or
tr nae decrease in A band Ien?t with " de-
creasrng sarcomere length manifests a tran-
sitional Ph ?e of contractron

The significant (P < 0.01) positive corre-
lation 0 4 between A hand length and sarco-
mere length suggnests that post rnortem tem-
Peratures other"than 10 and 30°C cause the
I0ers o Pass into_a super-contracted state
(Hoyle et at. 1965).

Effect of temperature on contracture
band patterns of prerigor-frozen muscle.
F;]rerrgor rt‘rozen ttrssue be>iposed 60 drfferent

awing temperatures be an
}or 24ghr e>?hrbrted myof| rrFs whrc?r were
more h g/ contracte than those In the
unfrozen smple (Figs. 7, 8). Sarcomere

r and thawed for 24 hr

n ‘ (z
IR

)
ones an % nding to
. ?;y r5ont1?cted m%of‘bnlg . sa(rrcol

te I esent in
rrena
Bg{g pat/terhlg gé

}gcer ace hrs No
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Ien?ths and A band Ienrrrths of the fibers
variea randomly among emperature treat-
ments. A maximum Sarcomere length of
163 t! was noted for the samples Incubated
at 10°C, while the minimum value of 0.87 n
Was observed in the 5°C sam les. A band
lengths varied concomrtant d/ wrth sarcomere
lengths. . Measurable | ban swere not noted
In dny tissue. Contrary to findings of Marsh
and hom I-PSOH (1958 and Kaminez (1962|)
lines, H zones, and M lines were clearly
demonstrated in the 0, 5 and 10°C samples
7ab,c), while H zones and M lines
were observéd in the 20 and 30 C samples.
AIthou?h the latter two samples. did” not
Illystrate clearly defined Z lines, Z-line mate-
rial was observed n a disorientated and
diffused state (Fig. 8a,b). The 40°C sample
had undergione severe contractjon, and all
longituding and fransverse. striations were
absent (‘Fr% These qbservations sugl
gest that the 7 line mav e the. structurdl
ompanent of the myofibril that is first de-
graded by post-martem heat treatment.

In agréement with the observations noted
for the unfrozen tissues, no rrregular trans-
verse striations were observed for prerigor-
frozen tissue subjected to similarthawing
temperatures.
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MARKAKIS and R, J. EMBS
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Department of Food Science, Michigan State University, East Lansing, Michigan 48823

Effect of Sulfite and Ascorbic Acid on Mushroom

SUMMARY

In model systems containing mushroom
phenol oxidase and o-diphenolic or monophe-
nolic substrates in phosphate buffer, pH 6.5,
sulfite initially did not protect the ascorbic
acid from oxidation by the quinones formed
enzymatically. The sulfite, however, gradually
decreased both the diphenolase and mono-
phenolase activity of the enzyme and thereby
diminished the overall destruction of ascorbic

acid. Under certain conditions, ascorbic acid

counteracted the sulfite inhibition of the mono-
phenolase activity of the enzyme.
INTRODUCTION
Sulfur dioxide and ascorbic acid are widel

used as food addjtives to prevent brownin
discoloration in fruits and vegetables wit]
active pnenol oxidase. systems. ™ Phenol oxi-
dase catalyzes the oxidation of gh nolics to
quinones, which then condense to form mel-
anins,  Sulfite Interferes with this condensa-
tion by combining Irreversibly with the qui-
nones”to form colorless adaition products
(Embs_and. Markakis, 1965), It also grad-
uallal, diminshes the ability of the enzyme to
oxidize o-diphenols. ~Ascorbic acid &cts as
an_ antioxjdant, reducmP the quinones to the
orlglnal_ phenolics. 1t also shortens the char-
acteristic inauction period In the conversion

of monophenols to diphenols by unpurified
phenol oxidase (Kendal, 1949).

This study was made to jnvestigate the
behavior of ‘sulfite and ascorbic acid when
i ol AL RIEE S
Wi [ i a5 Sub-
strates. In gddltlon, the effe_%t of sulfite afone
on the mongphenolase actiyity of the enzyme
I discussed; this parf suPpIe ents a previous
a%lédglcon_the effect of sulfite on the diphenol-

tivity of this enzyme.
MATERIALS AND METHODS

The enzyme used in this work was a tyrosinase,

also called phenol oxidase or. polyphenol. oxidase,

prepared from mushrooms 68|gm_a Chemical). . Its

activity was found to be 800 units/mg gl unit =

0.00L ahsorbancy increase per min at’ 280 mu in

807

Phenol Oxidase

hosphate buffer pH 65, at 25°C, containing 10AW
-tyrosine). The substrates used were dihydroxy-
Ehenyla_lamne abbreviated to DOPA (Eastman

-tyrosine %Calbloche_m)l, andp-coumaric  acid
(Mann), Other chemicals used were sodium bi-
sulfite ‘(Merck reagent), ascorbic acid (Eastman
reagent), the dye Z,6-dichlorobenzenoneindolphenol
Eastman), pyrocatechol (Eastman), caffeic acid
Nutﬁr%tlonal lochem.), and 0.50/ phosphate buffer
pH_UJ .

The several model systems used, depending on
the analytical method employed In their’ study; are
described along with the results obtained.

The ascorbiC acid was assayed by transferring
L-ml portions of the reaction mixture into Evelyn
colorimeter tubes. Periodically, 1-ml portions “of
49 metaphosphoric_acid were added to each tube
to stop the enzymatic action and reduce the pH of
the system to the level suitable for the dye reaction.
Subsequenth{, 9 ml of dye solution was added, and
45 seconds Tater the transmittance of the mixture
was measured in the colorimeter at 515 mg. The
dye solution was prepared by dissolving 10 rag
2,6-dichlorobenzenoneindolphenal in. 200 ml water
and subsequently diluting 9 ml of this solution with
491 ml of 109 acetone. “The acetone was necessary
to bind any excess of sulfite and prevent its inter-
ference I the ascorbate-dye reaction Magson
1042).” A Warburg apparatus thermostated at 30°C
was Used for the manometric studies, Paper chro-
matography was performed with Whatman No. 1
paper” and” the orgamc phase of n-hutanol/acetic
acid/water (25:6:25) mixture as the solvent, in
ascending fashion at 25°C. Spectrophotometric
measurements were made with a Beckman DU
spectrophotometer connected to a Ledland log-
converter and a Sargent SR recorder.

RESULTS AND DISCUSSION

,D|Fhenol ststems_. Ascorbic acid deter-
minations were carried.out In systems con-
talnlnﬁ DOPA, ascorbic acid, dnd varyln%
amoufts of suffite, After the enzyme ‘wa
added to the systems their ascorbic aclld
content was detérmined at 2-rnin intervals,
and the percent ascorbic acid remamm%,m
the systems was plotted a?amst time (Fig.
1). Tt can be seen %hat sulfite retarded and
ev,entuallﬁf stopped the oxidation of asgornic
acid. There are two ways by which the
sulfite could induce this inhibition: a) by
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 ASCORBIC ACID RETENTION

TIME(MIN)

, Fi a% dlr Effect fsu(ljérte % e reten%ron oEngnco(r
?t@ i %@asc%glmtacu? a\hd% gt{}l ﬁh pgtaeo)krﬁ

urme in none,

ol 4

com etmﬁ with ascorbré acid for the %ur
nons which are tormed enzymatically

T) ﬁ/ mactrvatmg the enzyme. The IeveIm

the sulfite curves, B and. C of Fr%
sug ests that enzymatrc Inhibition is the dom-
ma factor in “slowing _ the ascorbic acid
oxidation. . If no enzymé inhibition ocuyrred,
the oxidation of the ascorbic acid would pro-
ceed to completion,

To test the p ossrbrlr% of a sulfite- ascorbrc
acid competition for equmones caffeic
acid Sa flugrescent o-diphenol) wa? allowed
to react with Ehenol xidase,. sulfite, and
various amounts of ascorbic acid. At 1-min
mtervaI after addition of the enzyme, Ror
tions of the systems weJe sHotted on ¢ ro
matogra IC Da er an romatograP
{e Ig Th near éhe s%lvent ront
represe f excess ca eic acid In the systems,
and thg sgots near the origin represent sul-
Ite addition products. _In system A, with no
ascorbic acid, the addition noroduct% forme
In less than 1 min. In system B, with a small
amount of ascorhic acrd Product formation
was delayed for about 2 m n:and with twice
as much ascorbic acr t e dea was twice
as on (system ( ). These resuIts Indicate
that eca Ic ﬁumone reﬂctﬁ first with the
ascorbic_acid, and when all the ascorbic acid
was oxidized the quinone combined with

MUSHROOM PHENOL OXIDASE

eeeeee Vo2 0 000G O O0O;

[ 0 00 0 0
CAFFEIC ,

A B C

S-CONTNGi 0 0o 0 o a a 0 0 8:

r:affe?c 2acrida%J
E‘OSP ate u er H65
5X10A%Iven

(25:6:25).

2 3 4 2 4 5 6 7
MIN AFTER ADDING ENZYME

BT Fi rtetofendga%

enz me 0.163/
L%e ¢ acl none
ol- acgtrc acrd Water

sulfite. to form the addition products.
A similar conclusion concernmg the farIure
of ulfite to pr%te(?t the a?]cor IC acr In app
was reac onnson and Joh son
&4 .. On the other hand Goodman and
arkakis 51965) found that sulfur dioxide
will protect anthiocyanin pigments in mush-
room phenoI oXjdase systems. Since it s
eny nat t equ)mones formeq enzymaticall
from substrates better than anthocyanins oxi-
dize the latter pigments (Peng and” Markakis
1963), it appears that the quinones react at
drffe ent vel crtres with squrte 5' CB] ascorbic
acr A¥% anth oc anins (A emselves
e multiplicity of sutfrte quinone. re-
actrn products, made easrltr)/ observable when
fuoresc%t tyrosmase substrates are used
affeic acrdt mdrcates that some qui-

norie erization inyolvin umone
mterntpe Yates oceurs asor? d Ferr
syth ct ah, 1960 whrIe the sulf rte rs reactmg
with the original quinone. Thrs laces th
reactron veIocrtres o qumone polymerization
%umone sul rte ddition not) far apart,

and the following or er 1S probaole

ko AKI SKEA ki
Monophenol systems. First, the sulfite

effect on the moriophenolase activity of the
mus room tyrosinase was Investigated mano-

metricall ctrophotom trrcaII and. chro-
mragogra hrcg? g?fere squt%ms of tyro
Sl

the nz¥me were allowed to eact
In the resence varying concentrations of
sulfte, and the oxy%en Uptake was ;otted
amst time nr(FIg bsorh
ce at 4/0 mA of srmrlar S stems was also
measured and recorded. a tomatr ally ( Fr
d) hese ata indicate dtsut
cause a delay in oxygen uptake and brown-
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cedal 4 rmme

nin
%btnt | It \lrvasg ea(yeé mher% i ar It\rN aasny

t rr%sage sultr?e ?rqe{he
L

Ing appeared o cojncide with the begrnnrn%
ofvigorous utilization of oxygen. ThIS IS |
contrast to the 0-l aphenol 1 rosrnase systems
in whrch sulfite del )f e brownrn%
did. not affect the rnrtra oxygen ttpake (Embs
and Markakis, 1

hen p- coumarrc acid, a fluorescent mop-

Oh) enol, was mixed with phenol oxidase In

the resence of squrte and then subjected to

pagerc romatoPrapry no uorescent squrte
ddition products were observe

while fluorescent o- bvtlrenos 08 suc

products (Embs ana Markakis, 1965).

| / / /

///

2 3
TIME (MIN)

ABSORBANCE47O (ARBIT,UNITS)

6

rge4 Effe of ascorbro Nt h sulfi
ddeI romr ohen 5oxrazs
osrne i ae e Hnr mI
% r?r P Ffo %Ix as groit ac

ame as ou asco ic acr

r srn
ascor-

rng development; in fact, the ons]et of brown-
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All these observations suggest that sulfite
in low concentratrons Inducés a delay in the
maonophenolase actjvity of mushroopt phenol
oxidase; no such lag"was,_caused by sulfite
on the o dr henolase actrvr of the enz me,
although tere was rarra ua oss f that ac-
trvrt?]/ Embs and Markakis,

The ty rosrng ghenol oxrdase suI ite system
was then studied In the presence of “small
quantities of ascorbic acid and pyrocatechol.
Manometric measurements showed that as-
corbic acrd and, to a smaller extent, p¥
catecho reduced considerabl the su Ite-
Ind uce ea%o oxy%en uptake by the sys-
tem (Fi 3 similar de rease was
observe in’ the eIa of brownrng of the
system when ascorpic acrd was added to it
(Fig. 4B) and whep the fluorescent mono-
gheno f coumarrc acid was us?d as substrate
nz ?/me the presence of ascorbic acld
or Pyroca chol resulted In the apé)earance
of Iuorescent sulfite addition P cts on
the paéJer cromatograms of the systems
These ‘addition roducts Were
g own in an unpublrshed parale stud to e
the same as those obtarne when cafféic acld
an o Z e}/ate product of p-coumaric
acr was used as substrate of pnenol oxi-
dase’ in the presence of sulfite. At any rate,
the chromatograghrc and s ectroRhotometrrc
data indicate "that decrease In the dela
oxygen uptake could not be due to a simple
oxr ation’ of ascorbic i or yrocatechol,
but. rather to resforatron of ‘the sulfite:
Inhibite monop eno ase activity

A Possrbe explanation of thrs restoration

may lie the fact that phenol oxidase Is acti-

p-COUMARIC| © ° © | ° ° ° e ©° ©

EXCESS Mo o g
o |cAFFEIC

A B ‘ C D

8 8 8 6 8 0 | 8

6 12 18 2 4 6 2 4 6
MIN AFTER ADDING ENZYME

S-CONTNG
PRODUCTS

g”CPapéer tog(rjalréh of é)henol oxr ase-
atrt s, Syl
Ly F (1

i,
acr Wa er %u anoI lﬁPtrc

M} i)%rgrocat Cgﬁ)dl il @ \r/ztrs g, chron Rrom
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Vv

Mason, ~1957);

i

ated by reducin ﬁ;ents (]Kendal 1949;
teta (1963) su
ested  thaf mushroom phenol Oxidase may

ave a reducing site In Its molecule capable

of that reduction. If sulfite should block this

reducmﬂ site and

thereby inhibit the en-
zyme, the presence of a reducing agent such
as ascorbic acid or pyrocatechol would itself

actlvate the enzyme,

From these considerations one would ex-

pect that the combined effeft of sulfite and

ascorbic acid on monopheno
be similar to that on diphenol
6 shows that this Is the Case. Zste
gglntalneg

b

ascorbic acid.

systems would
stems FI n%]
S

rosing, phenol omdas? corbic
ary mg amounts of sulfite; It can
e Seen that sulfite slowed the oxjdation of

As In the o-diphenol systems,

the sulfite curves tended to level off |nd|cat

t

sine. p enpl 0

'“%ﬁ e enzyme rather
W|t

h t the sulfite acted anany by inhib-
han by” competing
ascorblc acid for the quingnes,
Tl e
Z R Ini
? dease scorbic acid, ar?dy

fite was allowed to react unt|I ascorbic aud

oxidation stopped (Fig. 7). Fresh enzyme
was then adae dko the system, The oxida-
tion resumed. Wnen it began to slow again,
more enzvme was added. By successive addi-
100\\.'
0 . .
g -
X

’ ) : TIME (;ZIN) °

& 6. Effeﬁt Isul fe on the reten |on a
corbit acid I[t 0sIne sy: ?C?]

OSI e m

ht!ttgt

Aoyt
P el

MUSHROOM PHENOL OXIDASE

10R

\f
A B \

© ASCORBIC ACID RETENTION

I

l
T\
12 18 24 30

i

T Addltlon of mor? enzyme qurin the
un| S mﬁ
(arrow |

Fig.

t|on ttheI dsyg heno OXI ase(ggros

cont mn?mﬁ S)? eh (PBSL}I
Sl b

more enzyme
tious of fresh enzyme, all the ascorbic acid
In the system coul)é be oxidized.

From”these observations and the fact that
higher sulfite_concentrations are. more effec-
tive in the inhibition of phenol oxidase (Embs
and Markakis, 1965), It becomes under-
standable that ascorhic acid, by preventing
the. reaction of sulfite, with the quinones,
facilitates the sulfite inhibition of the enzyme.
In tlfrn thg effective |nh|h|t|on of the enzyme
results in decreased total loss of ascorbic &cid.
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Interaction of Low-Density Lipoprotein (LDL) from

SUMMARY

The surface characteristics of plasma low-
density lipoprotein (LDL) in various buffers
were investigated by determining the binding
of an anionic dye, methyl orange, during equi-
librium dialysis at 10°C. As the buffer pH
increased from 4.5 to 8.6, the binding capacity
of native LDL diminished. Additional experi-
ments were carried out at pH 6.5, the normal
value for egg yolk and plasma. A plot of dye
concentration vs. dye binding by native LDL
produced a curve with a shape similar to that
for /3-lipoprotein from blood. Native LDL,
with only about 15% protein, bound as much
dye as a pure protein, /3-lactoglobulin. The
LDL from pasteurized yolk (63 and 64.8°C)
bound as much dye as LDL from native yolk.
Sodium chloride and sucrose did not restrict
the dye adsorption to native LDL. When yolk
plasma was treated with bromelain, the dye-
binding capacity of isolated LDL was some-
what reduced.

INTRODUCTION

Lipid- protem complexes with Iow densr
ties make Up t e major portion o eg? nyo
soIrds A% ord m to” Sydano and Watarfabe

the (}/ proteinl fraction consisted
of 7210 low- ensrtyl oprotein_ (LDL) with
a (om osrtron of loéc protein and” 84%

2p hasis, the LDL was made
ep of ab ut 24% hos nolipid, 4% choles-
tero 72% trrg

art, tese [ipoproteins r!ﬂ% I:Osrentth emmt :
ﬁolk lasma gspspherrca mrefes with_hy-
Orated diameters between 250 and 310A
ﬁuﬁano anrg Watanati)e 1961). Two LDL
actions, di ferm% on%/ slrghtl in chemical
composition and density, have been, isolate
hy Saarl ct an E964 Martin et
964 rom te data of Martin et al
(ecu ar weignt was 103 X
or th less-dense LDL™fraction, and 33 X
for the more-dense LDL. Cook and
ar in (1962) postulated that low-density
lipoproteins in yolk are made up of a tri-

aPredootora

esearch assistant in Food Science,
University 0
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Yolk Plasma with Methyl Orange

9cherrde core with phospholipids and pro-
ems on the surface. .

The syrfa %e ch%racterrstrcs of low- ensrl
Ir oprotemns have been Investigated Indirect
3{ some mvestrgators Since Saari ct

have shown that papain can hy-

g/ze the protem moieties of LDL frac-
tron It can he assumed that the protem
molecules ‘are spread out on. the surface,
Maan et d. % 64) have estrmate]d that |f
the thickness of the protein film on emrcee
surfaces |s assumed to be 8A. a sufficient
amount of protein IS available to cover two-
thirds of the Imo rotein surfaces BurIey

and  Kushner (1903) reported Mt
ohatrdase Dcan hydroI 26 95% t hos
pholipids in LDL. From th |s observ tion,
t can be assumed that phosphate grou s in
the Ehospholrprds are exposed at thé micellar
surfaces of native LDL. Paper electro-
DNOresIS mdroated that I)]/olk low- densrlt_){
rpoprotems are cha Gg %a ivel |o

(Evans and emer cC u ev

f aI 1962) and posrtrvey af pH 65 (Pow
rie_ct al,, 1963).

Surface  characteristics of  lipoprotein
micelles can be assessed by determmmg the
Dinding of or%anrc lons. “Rosenberg Ct
51955 reported that, durmg equrlrbrrum
|a)/srs um n serum p%pr(?tem a out

epr e a a . marked
amrt or meth dy oran rg anhons I3

Ipop otem boun these nions ‘on the alka-
line side of the. 1soelectric point as strong\l)/
as serum albumin. Methyl orange may n
been adsorbed exclusively to “the protein

CHY2N <>

(1) Methyl orange

moretres of the (3 i (Poprot%m mrceIIes rather

tan to ospor}os wort and Green

found that no methyl orange was

ound to Irprd 8artrc|es ina Iecrthm stabilized
triolein” emulsion

Electrically-charged groups on the surfaces
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of eﬁg yolk LDL are undoubtedly involved
in the ‘stability of the micelles in agueous
medium, Anyalteration In the surface prop-
ertle_i_ of the LDL micelles ma I_eﬁd {0 de-
staoilization and ar%%re%atlon. With the 1n-
troduction_of thermal Bnergy intg an LDL
solytion, |I§Id and protein “moieties on the
surface of each micelle may be reoriented in
such a way as to alter the riumper of exposed
lonic groups. Such an alteration may occur
during the Pasteurl_zatlon of qu; olk.” When
yolk or plasma s frozep, TDL micelles
pre_sumablg/ ag re%ate_, with the consequence
of Increasé In”yolk viscosity_(Powrie et al.
1963; Saari_ et al. 19642. The addition of
sugars, sodium chloride, and proteolytic
enzymes to yolk or plasma can inhibit
viscosity change. . . _

This™ stuay” was _initiated to _examine
quantitatively the interaction of methyl
orange with LDL from_native and hedt-
treated yolk, and thus ga_m,more knowle%;_e
on the surface characteristics, of LDL mi-
celles.  The dye-bmqu of LDL from
bromelain-treated frozen plasma was assessed
to Prowde an |n3|sght Into the reason why
proteolytic enzymes. inhibit viscosity change
of yolk”during Treezing and thawing.

MATERIALS AND METHODS

Yolk was preﬁared from eggs not more than 24 hr
old by the method of Powrié et at. 1196.3). Yolk
was pasteurized by pumping the yolk through a
small heat exchanger by a Sigma pump. The pas-
teurizing. temperatUres were maintained for 3 min
by passmgn the yolk through a temperafure-
controlled "nolding “tube. The “temperature of the
yolk was lowered immediately to about 5°C. The
yolk was held in a refrigerator at 3°C.

The Pl_asma from native and heat-treated yolk
was obtained by high-speed centrifugation (Saari
et at, 1964). For the preparation of bromelain-
treated plasma, bromelain was added. to native

lasma at 25°C to form a 0.5% bromelain mixture.

he plasma with enzyme was incubated for 30 min
at 25°C and then frozen at —23°C for 24 hr. The
thawed mass was as fluid as the unfrozen control,
tThhe_untreated frozen plasma was pasty upon
awing.

Prepgaration_of low-density lipoprotein ELDL)
solutions. Native heat-treated or bromelain-treated
thawed plasma was diluted with two volumes of
10% NaCl, and the resulting dispersion was centri-
fuged at 78000 X G for 6 hr with refrigeration.
The floating pellicle and cloudy subnatant were
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combined and diluted with 15% NaCl. The solution
was centrifuged as described above, and the result-
ing floating LDL was removed for further experi-
méntation.” When a solution of the LDL was sub-
jected to gaper electrophoresis, no livetin bands
could be detected. _ _ _
For the preparation of 2% lipoprotein solution
enough floating LDL was dispersed in the selected
huffer that the concentration of the LDL was above
2%. The solution was dialyzed against the appro-
priate buffer for 24 hr at dhout 5°C with constant
stirring and frequent changing of the buffer. The
LDL Content in each solution was determined by
subtracting the solids_content of the buffer from
that of the dialyzed LDL solution. The concentra-
tion of LDL was adjusted to 2% by the addition
of a suitable butfer. = _
Equilibrium dialysis. The 2% LDL solutions
were sugjec_ted to et1U|I|br|um dialysis according to
a method similar to that of Klotz et a. (1946).” In
all cases, the ionic strength of the buffers was 0.1
For each experiment, a 2-ft length of Visking dig-
Ixzmg tubing 8DC (0.390.in. flat width) soaked in
the selected “huffer was tied at one end and filled
with 10 ml of 2% LDL solution. Upon tying the
other end, the tubing was placed in a screw-cap
culture tube contammﬂ] 20 ml of methyl orangie
buffer solution. After the tubes were shaken gently
in a bath at 10 £ 005°C for 24 hr, the, optical
density of the outside methyl orange solution was
determined af 465 mg. At this wave length, methyl
orange solutions with pH valugs between 45 and
9.2 fiad maximum absorption. Concentration of the
methyl orange dye w'es calculated from a. standard
curve, To obviate the error due to dye binding b
the dialyzin tub_m?, control tubes were used Wit
selected huffers in the dlalyzmgi tubing rather than
LDL-buffer solutions. By’ sub ractlng the concen-
tration of methyl oran%e in the outsice solution of
the control tube from that of the experimental tube,
the amount of hound dye ws estimated. All dye-
binding values are averages of at least two deter-
minations. .
Paper electrophoresis of plasma. Paper electro-
horesis was_conducted in @ Spinco Durrum cell,
odel R, using acetate buffer, pH 4.5, phosphate
buffer, pH 65, and veronal buffer, pH 86, All of
the buffers had an ionic strength of 0.1 The elec-
trophoretic technlgue and stainin Brocedure were
similar to those of Powrie et al. %1 63).

RESULTS AND DISCUSSION

For this 3tud}/,_a mild flotation procegure
was selected for isolation of the LDL frac-
tion of Rlasma so that the struiture f LDL
would not be altered markedly, The 2%
lipoprotein solutions, used exclusively in this

~
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oty T SR e ghga o e
Moles bounft %e tOSg low-density
Mean deviction
Acetate 45 0.180 0.001
Phosphate 69 0.160 0.003
Veronal 86 0.063 0.000

mOFegHIot%rrrtratron of methyl orange = 2.62x10

Investigation, were devoid _of opacrt}/ thus
indicating excellent dispersibility of the m
celles In”the buffer solutions, aII with an
lonic strength of 0.1.

At the beginning of this mvestrgatron
experiments Were Undertaken to detérmine
th influence of buffer pH on the brndrng
o methyl orange by LDL from nativ
ﬁ]asma As shown In Table 1 the LDL

icelles bound the Iarﬁest amount of meth Y
orange at pH 4.5, while t e, least quantr 8/
of e was bound at a solution
The results sngest that the num er o dve-
binding cationic” sites on the LDL micelles
rncreasd as the pH of the solution was
owere urrno_ Do per eIectro horesrs of

gasma the ban mi rte toward
tecthoewhente urfer pH values were
and foward the ﬁnod with a

It IS probable that the LDL
micellgs in the buffer used for dcrr]e brndrnq
experiments, ne positive charges, a
R an n such a srtuatron
egatrvel charqed methg orange molecules
wou readily adsor ed on the micellar
sur aces, Int e case of 6 buffer, the

f et charge on each LDIH mrceIIe was ro

ne atrve athou? some osr[J Y

|g/e rndrng sites were undoubted

Pres nt h% épholrprols are presuma%ly not
nvolved in the dye bind rn% since As wort
an rg (I found éh(at ecr%
stabilized triolein droglets not bind
methyl orange. The qu ternanl; nitrogens In
the, gproterns of the LDL cquld be the ¢ationjc
sites. From the ftmrno acid analysis of volk
LDL h 0ok et a 1962R t1sa barent that
substantial amounts of Istidine, 1ysine, and
arginine are present. By rncreasr the pH
of LDL solufjon, the osrirvec ar es of the
quaternary nitrogens Would be reduced and

5 nd 6,
8 b buﬂr?er

INTERACTION OF LDL FROM YOLK PLASMA

- Log (free dye)
Fig. 1 The e ect of meth | oran e concentra

gﬂrsrton ;bhepr%eern " n% ﬁrﬂugv}um aIr'él]r%)rl?ern

ensr protern

the . methyl orange hinding would be

diminished,

Equilibrium dialysis was conduct Fd with
native LDL to determine the e ecto methr%/
orange coneentration on te ye-bind

P ity of micelles at pH 6.5 rs Hwas
seecte ecause nyolk hasasrmrlar Hvalue
From Table 2 and It can eseentat
as the concentratron of the free dye was
Increased, more methyl oran e Was bound
fQ the Irﬁgoprotern An abrupt. rise jn ge
bindin LDLrsa parent |n Frg 1$Cur
[} when the — gree e)” reach
uaue of ahout 4. T Eerr ental curveII

n Fig. 1has a shage imilar o curve )

obtarned by Rosenb ? et d. g or
ot}ern In solution at

human serim /3- rpoH
However, the /3-lipoprotein, with

gbout 23% eptrde boynd more moles, of
meth/ orang e than yolk LDL on_an iso-
wer th asrs Onteoher hand, LDL, with
a out o peptrde or_ commonly called
rotern a qye- brndrnrlrocapacrt com-

ra le 1t that of” [?-lactogfobulin in phos-
ate u rat pH o. %tz ang Urqunart,
949) a n reater than _that_ of mydsin*in

1
solution & p %Mrhalyr and” Ghosh,
1952). When the dve-inding of LDL 1
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IipopTrSPelren.Z' Effect of methyl orange concentration on the dye-binding capacity of native low-density

Moles bound
Initial methyl Moles bound Free dye dye/mole
orange con- dye/105g @ concentration total Ipo

(menapiicery opretin R (1 froe ave S r/cX to-6
10 X 105 0061 Lixnr 5% 293 260
25 X 10% 0.161 29 X 10° 528 174 267
75 X 105 0402 92 X 100 503 1990 208
10 X 101 0590 13X 105 49) 28.36 2.23
25 X 104 1470 82x 105 408 10.67 036
50 X 104 2.610 12 X 104 3% 12548 109
75 X 10'4 415 18 X104 374 198.33 108
10X 103 5780 35 X 10" 346 217.88 080

aPhosphate buffer, pH 65
"Based on molecular weight of low-density lipoprotein = 48 X 105 (Martin ct al.. 1959).

expressed on a peﬂtrde basis, the bindin 9 methyl orange by lysozyme can be increased
fag crtg IS much ?h%r that that of |/ beat denafuration of the protein, Heat
toglobulin. I all of the dye-binding sites  denaturation volves the rupture of inter-
on LDL are considered to be catronrc roups molecular h drogen bonds, the uncoiling of
of the protein_moigties, then the | heljcal structure and the exposure of re-
brndrnt% capacity of LDL may be a oune active groups (Fox and Foster, 1957).
for by the existénce of uncoiled protein mole-  An attempt was made to determine the
cules” with a Iarne number of exposed cat- average number of bindi ng sites on the natrve
lonic grouns on the micellar surfaces, Gen- LDL ~micelles, To_accomplish this, dye-
erally, gro eins_exist in_the uncorled form at brndrng data from Table 2 were plotted |n
oll-water interfaces (Gurd, 1960). Colvin 2" (Cyrve I1) as the ratio ¢ moles of
(1952) pointed out” that the binding of bo nd e/moles “of total LDL (rg %arnst
r/c x 6 where C represents the concentra
tron of free r%/e Only te first frve rc x
(~6 values 1n Tabl e were Used for the
Elot S0 that the strargh% line slope could be
om ared with that “of Rosenberg et al,
The averaage molecular werght of
as [ gar e Margin
et aI 1959)" If  the LDL has a secrfrc
number ~ of d}/ brndrnlg sites, n, with
frinsic. association cons ants Ku and if there
IS 0 jnteractign befween the bound anions,
then the equation of Von Murait (1930) Is

K
[—2 - E--_C----wherei =12 3.0 [
11+ K|C
char% g1949 SUg nested that, if all
S

srtes ave the Same Intrin %assocratron on-
stant, K then Eq. 1 can be rearrange

rlc = nK—K [2]

- nz'.zz al proten Wrth the K al%es e%ual then the Plot of

Brndg I oran ¢ by trve low- r/c VS r Should near, and the in ercept
bepOp“t em. % /$asﬁ1gr en on the Aaxis should |ve ‘ e number of
ens| findprotéi dye-Dinging sites. At ight ling was drawn

=
<

r/¢c xio0” ©
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in Fig. 2 as curve 11 with a slope similar to
curve | obtained by Rosenberg et al.

for serum /2-lipoprotein. A "value of 10

indicating estrmated sites, was obtained at
the intercept. (3 Lrpoprotern with a_mole-
cular weight of 13°X 06 had an estrmated
69 sites (Rosenber ia n?

last three r/r x K6vaues fro TabI 2
were plotted in Fr% 2, then the LDL curve
would be nonlinedr. " This deviation from
Irnearrt may be due to more than one srte
type, each type characterized by a particular
association constant andfor mteraction e

tween bound anions (Scafchard, .
Thus, the exact n Armber of pinding sri

cannot b estimated by the r/c vs,”» Po
method. However, it Can be supposed that
the average number of binding Sites on the
LDL micelles is at least 100.

_ nthe next phase( of this stud LDL was
rsolate from samples which were
Pasteurrzed at 63 and 64, erthaholdrng
ime of 3. min. These temperatures are

somewhat higher than the normal commercial
pasteurrzatron t%mperat\ure of about 62°C,

As shown In Taol eLDL from heated

| micelles wefe not tered s rfrcanP/

In the pro ein_moleties, and roter
the dye- brndrndhcapacrty of

and native yolk had similar dye-bindin

vaues A ﬁ)arentl thedebrndn¥ Sites t?%
the Introduction of terma ghe

tr¥e brndrn Sites are consrderefdt bge onl

molecules are naturaIIy resent rn t e de

natured form, then It sems un rkez that

chage when the Yolk ‘was heated to these
rate temperatures.

the viscos
Igher than that of the
( owrie et al, 1963

vrs&osrtr{aalteratron is Called

? tlon 15 probabl
regation of LDL micel

). This rrreversr

When e%rg olk is frozen helow —6°C,
r¥ %f the thawed yolk is much

unfrozen samgle

E ;
elation.
caus% the ag-
les. Int rmicell

%ondrng may be eIectrostatrc rnvo ving Posr-
tively- and negatrver?/ charg %roufoso the
ctio

protéin moietiés, A
9rou s Inthe LDL protel

reqd

charg ed
N moleties may” be

esp nsible for the preventron of dela ion,

In ‘the present study, it was
R ? ?asmawrth romearn In-

treatme to nt/ i)
hibited 8 gelation.
the hydrolys

was ‘Involve
Saari et
morety o

In the nhi
LPLv, a LDL

that meth

hat the
In all proba rrt{

1S of surface ﬁroterns the LD
bition mechanism.

1964) reported at the rotern
raction, 0y
drolyzed bY ga arn With the assum tion
raanre molecules are adsorbed

to the peptide portion of LDL, experimenta-
tlon was carried out to determine any change
In the number of LDL catronrc sifes w &n

glasma was treated wrt
nzyme bromelarn As sh

the . pratealytic
OWﬂ Iﬂp Tabl ey

Ihe” dve-binding acrt%ao LDL from

bromelain- treated frozen
lower than that for the

micellar proteins b
sEponsrbI e for. a decredse

pout a  Tedu
grouRs As shown in Frq
Istance during paper €

QD D

pasma These data suggest that

fp asma was
%m native
ydrolysis
romelain “was re-
in catjonic sites.

LDL

e o o i
¥ cytron ofp negatively- charggd

the migration
ectrophoresfs was

Table 3 Binding of methyl orange by low-density lipoprotein isolated from pasteurized yolk

and bromelin-treated” frozen-thawed plasia."

Sample Treatment
LDL from native plasma none
LDL from pasteurized yolk Patsteurization ;
145°F (63°C) for 3min
148°F (64.8°C) for 3min
LDL from bronielin- Proteolysis :
treated plasma 30 min enzymic digestion

at 25°C : frozen at —10°F
(—23°C) for 24hr

aConcentration of methyl orange = 26 x 10t moles/liter. Phosphate buffer, pH 65.

Moles bound

IR

Irpdprotern

0.160

0.162
0.161

0.132
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L P L P

F'r?%t% PaPer el ctrog eto[%ags o{a)éolk Iasnre d

ectro |nccIEJ i St\%rr]o%a _cﬁ ereIB
or54sh Q)qgg qfaémajal%e Wrth IO

much lower for LDL in bromelarn treated
Plasma than for LDL in native paisma The
uction In the number of ectrrcallg
carg roups on the LDL micelles may fe
explaine b the alteration of farrly
sur ace etrdes fo mo flexible ra]
ments d r| ro SIS an subsequent Cy
the mteractrono H+groups with COCP

a Sche sucrose and NaCl are added to oIk
prior to commercial reezrn[g or the

vention of gelation, the_ influence of t ese
additives_or the " dye-bindin

capacity of
native LDL was investigated.

A" decrease

Table 4 Effect of sodium chloride a 0se
ensnteﬁt rgooprao ebrndrng capacity 0 ef na%ve
Inrtral sol te concentratron Moovlvesdgr?sur?)? Idpvoproter
NaCl Sucrose Ay
(%) ((r) Mean devratron
0.0 0.160 0.003
10 0.160 0.003
50 0.161 0.002
100 0.163 0.002
150 0.166 0.003
10 0.160 0.003
50 0.160 0.003
100 0.159 0.003
150 0.159 0.003
molsoGer B S, Orapgg = 262X 10

817

in binding capaity of LDL could be inter-
preted as-a binding of the sucrose molecules
or Na+and, CP Ions to the dye-hindin srtes
Prior to dialysis, the 2% Irgoproter sou
tions (pH 6. 3conta|ned 1,5 10 and

of either sucrose or NaCl quilib num
dialysis Proqressed solute in eac case qif-
fused out of the djal zrng sac into the outside
solution. The fing ncentratron of the
solute In each sac of | |goprotern solytion was
about one-third of th original solute con-
centration. From Table 4 It can be seen
that only NaCl at the 15% initial concentra-
tron IeveI had an ranuence on the hinding
of meth nt/ orane native LDL. If any
Bo |ute oIecuIe adsorbed on the dve-
Ind mg Sites, ten they were displaced by
the meéthy| orange molecules during equili-
brium- dralysis.
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Protein Alterations and Associated Changes in Porcine
Muscle as Influenced by Maturity, Genetic

SUMMARY

Stage of maturity, genetic background, and
post-slaughter holding temperature have been
studied in relation to their effects on the rate
of post-mortem glycolysis, change in gross mus-
cle morphology, and alteration of muscle pro-
tein solubility. Muscle from 5-—10-kg animals
tended to have more glycogen and less myo-
globin as well as less total nitrogen than mus-
cle from 250-300-kg animals. Glycolytic rate
appeared to be slightly faster in the post-
mortem muscle of mature animals, but differ-
ences among weight groups were minor. Mus-
cle from mature animals exhibited a greater
loss of color after slaughter. Protein solubility
also decreased to a greater extent in these
mature muscles. This was especially evident in
the myofibrillar fraction. Post-slaughter hold-
ing temperature did not affect the rate or ex-
tent of glycolysis in the muscle, but chilling
gave benefits to subjective score for color and
juice-retaining capacity. It also tended to
make the loss of protein solubility less severe,
particularly for the myofibrillar fraction.

INTRODUCTION

Porcine muscles ran%e ifi color and gross
maorphology from ada firm, dr to apale,
soft exu ative condition  (Sa re et aI,,
19643. Thie gross morgho ogy of nost
?rt m porciné muscle has, been shown 0 he
Influenced b%/ pharmacol oglcal agents (Lud-
V|gsen 195 exermsea ration (Briskey
et"al, rate of %cholysn and
tem[lJerature (Wls er- Pederse and Briskey
1 and envnonmenta and

gltogu&gol% b ei) foos 196%a bZO be of
ora 0 Cyal

d

3/ has been demonstrated

£s |o Research
?é) t%a%% 53 Pi\gncuﬁure
Un|v£er§ﬁ9 8?1

Rate

ster
epar men

artmenE
icago, Il

Pre ent

ess of Parasitology,
|cago linols.

enetic b ack-

Background, and Post-Mortem

Muscle Temperature
%]reater importance_than ol co?
uscle pH 24 hr after sI ?te In influenc-
mg 0r0ss morghologlca eatures. When pH
was low (<5.9) and muscle temperature
hlgh >35°) at Lhe onset of n(];or mortis,
there was a marked reductlon n the. ex-
tractablllty of the sarcoplasmic and myoflbnl
proteins. (Sayre and Briskey,
esief experiments were made to Pnstu
ects of animal maturity on post orte
chan es in chemical and “physical charac-
teristics of muscle: and 2) determine the
extent to which muscle protein solubiljty
and associated juice- retalnlng gropertles

were Influenced by breed and Carcass hold
Ing temperature.

EXPERIMENTAL

Animal source. All animals came from the Uni-
versity of Wisconsin Swine Farm and thus repre-
sent restricted lines of breeding. All animals were
fed normal swine rations commensurate with their
stage of maturity. No special preslau?hter treat-
ment was administered, and the animals were not
fasted Pnor to slaughter, Exsanguination and
evisceration were conducted in a manner and at a
rate corresponding to commercial practices.

Experiment 1. All animals used in the first ex-
periment were from the Poland China breed and
Were grouge aecordm?hto live We|ght as shown in
Table™L Carcasses of ggroup were held
at a constant temperature of 35°“for 3 hr after

en level or

slau?hter so that the rate of temperature drop
would be similar in the muscle of ‘animals from
Table 1 Live weight groups for animals used
in @xpenmenLt Ie gnt grotp
Live weight .
(kg) animals
5-10 4
57-107 13
125-140 6
250-300 5

819
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each weight group. Subsequently these carcasses
were transferred 10 a 4° environment.

Experiment 1. Six pigs from the Poland China
breed and_ seven pigs from the Chester White breed,
all weighing approximately 125 kg, were used in
this experiment, Carcasses were™ split, and the
left side was held for 4 hr at a constant tempera-
ture of 35° and the right side allowed to chill at 4°.

Sample removal and analﬁsrs Muscle samples
for certain chemical and physical measurements
were removed from the lumpar‘region of the Ion?rs
simus dorsi muscle at specified post-mortem inter-
vals.  Subjective score for color and juice-retaining
capacity, surface reflectance, pH, and_temperaturg
were determined as. previously. described  (Sayre
et ul. 19630). The juice-retaining cagacrt of the
24-hr-chilled” muscle” was measured by the filter
paper absorption. technique of Grau and Hamm
(1953) as modified by Urbin ct al. (1962), and
expressed as the ratio of total area to meat film
area. . All samples used for protein. extraction or
chemical analysis were frozen in liquid nitrogen
sealed In plastic bags, and held at —25° tntil
processed.

The frozen muscle samples used for protein ex-
traction were ground with a mortar and pestle to
a fine powder in the presence of dry ice. These
powdered samples were passed through a 16-mesh
sieve to_remove any large artrcles and stored at
—25°, Extraction was con ucted accor in tote
method of Helander §1957) usrnq 0031
phate, buffer at pH 7.4 to” solubilize sarcoplasmrc
proteins, and 1.14/ Ivl in 0.LY K phosphate buffer
at pH 74 to_remove. total soluble Fro eins.  Myo-
fibrillar protein solubility was calculated by differ-
ence. Nonprotein nitrogen was measuréd. after
trichloroacetic acid precipitation. All protein ex-
tractions were conducted at 2° and were completed
within 72 hr of slaughter.

Nitrogen was determined by the K{eldahl method,
and all values for the protein fractions were ex-
pressed as a percentage of total nitrogen. Gchogen
was_determined by the phenol-sulfuric acid method
of Dubois et al. (1956) and myoglobin was mea-
sured by the cyanometmyoglobin” procedure of Poel
(1949).” All values are “represented graphically as
means £ standard error of means.

RESULTS AND DISCUSSION

Experiment |. AIthou? drffferen es were
not significant at the 5Cf fevel o ro ability,

the 5-10-kg droup tended to have the reat-
est amount 0 gl cogen stored rn the muscle
at the time of Slaugnter (Fig. 1). Glycogen
degradatron durrn the rst hourafter
slaughter was most extensive in the 250-300-
kg group. The total amount of glycogen

PROTEIN AND ASSOCIATED CHANGES IN PORCINE MUSCLE

o

o
®

o
*

% WET MUSCLE WEIGHT

N
\
\
N
\
\
\
\
N

:-: N X
-~ 57-  [25- 250-
ro 107 140 300

5= 125~ 250-
10 140 300

lIH  H24H.

Epich - fe PR

broken down durrng the first 24 hr was
essentially the same for all grou'os measured
The rateand extent_of d)H decline
drd not show a consrste t attern amon the
four weagt groups. T g%roup
exhibited” the” most rap rd rate of pH decline
during the first hour Eost -mortem, hut the
24-nr°pH values were similar for al ﬂroups
These observations indicate that, a hou?h
there was a tendency for more rapid glyco y-
SIS In mature, animals, maturity” wa$ not ‘a
major factor ranuencmg the rate and extent
of post-mortem glycolysis.

ubjective scoring of muscle aPCEJearance
or ?ross morphology (based on a four- pomt
scale from 1, pale and" exugative, to 4, dark
and dr ?\ dshow some ifferences among
fne wegtgroups FIg. TheOhr scor
rncreﬁse With Incr asrn evel of maturity,
and t emuscefrom 250 00-kg anrmals was
very dark ¥ here was Imost no
change In t e scofe for the 5-10-kg %ro u})
during the first 24 hr post-mortem.
ever there were si mfrcant decreases of
Su Jectrve scor In the other three go%ug
P 3relcekjr[aa[rlgtron oe %%OorBOO k%eaourpement
the intensity of 485-mit Iryht re?lected from
the muscle, surface tended tQ correspond to
the subjective_ scores Frg 2). Again, there
were only minor cha ith %me post-
mortem | the5 10-kg roup while changes
were marked durin first hour after
s(la h%grh)tuersm both the 57- 107 -kg ana 250-300-

oglobrn content of the muscIe Was

markedly as anrma werg rarn ma-

alteréd
. Mustle from the

turity increased” (Fig. 2
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250-300-kg group cotained alfout three
times as muc myo%Iobtn as muscle from the
grou e myo Iobln content of
muscle as measured %/ cyanometm o
?Iobln method did not chang durlng
Irst 24 hr Post -mortem. The ramatl loss
?fc ?gror nottgeN I2n sIau% terroO SerVearentl
icularly i U
was n(}/ the result of h?n% destruction o¥
other loss of meogﬂobm However
myoglonin molecufe must have been aItered
In"sch a manney that it no longer had the
same chrom (? genic actwﬂg/ under the _con-
ditions found In these muscles. Preliminar
trlals with muscle extracts at various [t)
values and temperatures have demonstrated
that the coIor of a low-jonic-strength extract
from gae soft, exudatlve muscle”cannot be
rest red gsm ustme?
Juice-retaini %ca C|t of muscle as
mdtcatedtf expressible jUICE ratio (Fi

was not altered significantly by ani aPm -

turity.  Although muscle from“the 125-140-
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of decreased extractability of the proteins.
Conversely, the Iow -r” valuyes for sarco-
plasmic protein i the 25 300-@ group
could e attnbuted to a rapid losS in ex-
tractablht of these proteins.” Previous work
has shown that the solublht of sarcoi)lasmlc
proteins can pe decreased Hu ater
sIaudhter under conditions which eventuall g
resuft in pale exudative muscle (Sayre an
Brisker-, 1963). It 15 also of interest that
el b v
| |

dunnp the Zth) ﬂr fol Iowm% slaug hter9 %V%He
sarcoplasmic ﬁroteln extracta ||ty fom each
of the other three groups decreased through-
out this period.

The amount of myofibrillar protein ex-
tracted at 0-hr appedred to be less in the
5-10-k groug than in the 250 300 kg group
FI% Previous observ%tldns thy severe
cha ges mtedross mor %? of muscle
welre ctosel arergtead] to o Syoefl 196 %;mtglrre]

ubili 15K W
?urther gubstah/ttated b%/ this stu o/
1 gu roup, and particularly the 250 300-

[
|%?I rotein extracta ||ty unng
|rst 2rco rs?r(t)sct mr%rtteew th eSSV\{%S 0 r%ase

| | U
exhthltedpt e IeaEt decrease in myc?t gnllar
protein solubility at 2

Experiment (1. Prewous work has shown
marked differences in certaip myscle char-
actensttcs between breeds of swine (Sayre
ct a, . In thig experiment, however
no differences in the characteristics me%sured
were apparent Detween the two Dreeds

)

POLAND CHESTER POLAND CHESTER
CHINA WHITE CHINA WHIT!

)

GLYCOGEN % OF
WET MUSCLE WEIGHT

0 24
HOURS POST—MORTEM
K3HELD 4H. AT 35° PRIOR TO CHILLING AT 4°
(M3CHILLED AT 4°

cogen coptent and. pH  values ?f

Iong%smtus 80¥5| Uscle rom pigs in'experimefit |

ex |b|ted exten |ve osses of m o-

POLAND
CHINA

CHESTER POLAND
WHITE

CHINA WHITE

b
(e}
T
(o]
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w
o
T
v
(o]
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% REFLECTANCE
»
o

SUBJECTIVE SCORE

o
W
S

INGEN R \
0
HOURS POST- MORTE
S3HELD 4 H. AT35 PRIOR TO CHILLING AT 4«
m CHILLED AT 4

6. Subjective gcore for folor and émce
4&%}}%}» w cen rejlec;lane of
it rﬂent ngissini sdor5| muscle from pigs

studied.  Muscle Ico?en levels and pH
flues indicated that Tate ang xtent 8f

coysts were simjlar breeds

|g . Muscle color and gume retaining
ca mty were also similar, as Indicated bg
gercen reflectance, . su rtectlve score, an
xpres3| le-Juice rat|o .
hilities of the _muscle rotelns a arentllg/
were not associated with the genetic ac
ground of the animals used i this
experiment.

Previous results indicated that muscle
temggrature in an mtalct Carcass was mam
tained at apprommateg sIaughter eve for
45 min post-mortem (Sayre et al, a?
Data_from this experlm nt show’ that t
muscle temgerature ecrease ap roximatel
1°at 1hrand onl 0st-morte
|n muscle from the chtlled S|de of the carcass

% 1 However, after 4 h rpost mortm
mustle temperaturein the chilled sides had

decreased nearly 17° or about 11° below
the temperature’ of the unchllfd 106s.
]
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Post-slauqhter holding temperature had
no effect on the extent of pH decline, and (g)H
values were as low at 4 hr as at 24 hr post-
mortem. OnIY a mln,Tte amount ,(ff glycogen
remained in either chilled or unchilled muscle
?t 24 hr. Surface reflectance tended to be
ess from muscles held at 4° than from those
held at 35°: the differences were small and
nonagmflcant,_ however. Subjective scores
also tended to indjcate that the chilled muscle
aﬁ) eared darker in color and less exudative
than muscle from unchilled sides ; but, again,
variability in these data was considerablé.
Muscle pH dropped to 5.8.or lower while
the muscle temperatyre remained above 35°.
These conditions of pH and temPer_a,tu_re
have been shown, to decrease the solubilities
of . muscle proteins marked_lé/ (Sayre and
BHSkE%/, 1963).  Sarcoplasmic proteins were
not affected 10 as E,reat n extent as myo-
fibrillar proteins (Fig. .8) ; however, solu-
bilityhad declined” consid rabl¥ at 4 hr and
remained unchanged at 24 hr atter slaughter.
Sarcoplasmic protein extractability teénded
to be greater from the chilled sides, but the
differences were not significant.
Myofibrillar protein extractability was
markedly diminished in the chilled sides, but
the. loss was even more extensive in the sides
which were not chilled during the initial 4-hr
period. This is further evidence of the im-
portance of the temperature-pH relationshi
In_causing alteration of the mgoflbrlllar pro-
teins. Sayre and Briskey (19 32 found that
the myofibrillar proteins did not_respond as
rapidly to the physiological conditions in the
muscle after death; but if a response was
observed, the loss of SO|UbI|I%_WaS much
more severe than for sarcoplasmic proteins.
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Histological Studies of Post-Mortem Changes in
Sarcomere Length as Related to Bovine

SUMMARY

The effect of post-mortem muscle contrac-

tion on ultimate tenderness was studied in
muscles of 12 beef animals of similar weight
and grade. State of contraction was determined
by measurement of sarcomere lengths. Longis-
simus dorsi and semimembranosus muscles
were observed. Histological samples removed
at various intervals post-mortem were treated
with ethylenediaminetetraacetate (EDTA) to
prevent further contraction. A phase-contrast
microscope was used to observe muscle fibers,
and sarcomeres were measured with a filar
micrometer. Muscle contraction patterns of
each animal were plotted through a 7-day aging
period.

sequent (7 days) tenderness than did state of
contraction at time of maximum rigor mortis.
Although contraction did not seem to be the
factor most responsible for final tenderness, it
did appear to have a significant influence.

Considerable lengthening of sarcomeres nor-
Semi-

mally occurred during the aging period.
membranosus muscles routinely contracted less
than longissimus dorsi muscles during rigor
mortis, and were more relaxed after 7 days of
aging.
sistently less tender than longissimus dorsi
muscles at slaughter, but the reverse was usu-
ally true after 7 days.

During recent dyears considerable interest
has been focused” on relationships between
Rost -mortem muscle contraction ﬁnd tender-
ess.  Locker 1960& observed that relaxed
muscles were more tender than partially c%

tracted muscles 2 days post- mortem This
was more evident “In" muscles low 1In
connectave -tissue content. Partmanp %963?]
Impeded post-mortem actom osrn or atlo
In strips of a_diaphragm musce rr]/a lowing
them 10 age in awerghted stretche

tion. The werﬁhte strips were signi rcant

more tender than the Unweighte contro

|t Was ear?rer suggeste that Increased ten-

derness durin to di
soclation of gcto%n

1956). However,

he_related

here has heen no con-

State of contraction after 7 days ap-
peared to have a greater influence on sub-

Semimembranosus muscles were con-

d condr-

ma -
rﬁ)sm yAWrerbrc | et aﬁ,
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Muscle Tenderness

clusive proof that such a dissociation actually
occurs, - Wierbicki et al. (1956) indicated
thft aIthou%h actomg/osm apReared éo play 3
role in meat tendérness, no evidence  of
?ctomyosm dissociation during a rng \vas
ound Srmrlar conclusrons have been réached
n¥ Neelin and Rose (1964) with chicken
uscle. Yet fiber fragments of aged muscle
were shown {0 contract upon agditign. of
ATP, suggesting at least some dissociation
during aging (Partmann, 1963).

If sarcomere length decreases with an in-
crease m actom oM, or vice versa, If would
nPep err logical that measurements 'of sarco-

re s at various Intervals post-mortem
would re gct the degree. of actomyosin dis-
soclation during the agmg eriod. There-
fore, measurements have been made to de-
termine the extent of maximum muscle
contraction at rrgor mortis, and the subse

ent amount of Telaxation occurrmg urrn%
211 daél a) msg Rerrod The rTIatronshrPs 0
these ¢han novine muscles to ultimate
[-day tenderness values were investigated.

METHODS

Selection and treatment of carcasses. Carcasses
from 4 bulls, 4 heifers, and 4 steers were used,
The, animals were of varrous beef breeds but were
similar in we (? ht and %rade Carcasses weighed
500-600 I, and graded hi h?oo to low-choice,

In order to créate different contraction patterns
between the two sides of each carcass, fferent
initial ‘holding temperatures were employed, Im-
mediately affer dressing, the rrght side’ of  each
carcass was subjected to 1-2°C for rapid chilling.
The left side was left at 20°C for 9 hr, and then
placed with the other side. After 48 hr, "both sides
were transferred to a holding cooler and main-
tained at 3°C throughout the remainder of a 7-day
aging period.

Sampling methods. Longissimus dorsi and semi-
membranosus muscles _were sampled from each
sige of every carcass. Two types of samples were
taken: shear samples for tenderness evalyations,
and " histological samples for  microscopic ~ ob-
servations.
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Steaks 3.17 cm thick were excised both. imme-
diately after stunning and after 7 days' aging. In
bulls,” initial samples were taken approximafely 1
hr after death, but heifer and steer samples viere
removed within 5 min of stunning, Initial longis-
simus dorsj samPIes were removed from over the
13th rib of the left side. Samples from semimem-
branosus muscles were taken parallel to the ischium.
Corresponding muscles of the right side were also
severed in order to create the sanie effect of cutting.
All steaks were in the cooker within 10 min of
removal and were cooked in deep fat at 135°C to
an internal temperature of 70°C. Foll owrnﬁ a
5-min cooling period at room temperature, three
254-cm cores were removed from each steak and
sheared twice with a Warner-Bratzler shear ma-
chine. The average of the 6 readings was used for
shear value.

Samples were removed for histological examina-
tion at various intervals post-mortem. Beginning
at the trme of slau%hter 2 sample from each muscle
was taken every 3 hr for the first 24 hr. Two
samples were then taken at 6-hr intervals, and one
was taken each day throughout the remainder of
the aging Brrod All sarmples were immediately
frozen in OCT compound.  Frozen tissue blocks
were sectioned with a microtome cryostat, and
sections were collected onto slides treated with
EDTA to prevent thaw contraction, Slides were
observed with a phase-contrast microscope, and
sarcomeres, were measured with a filar micrometer.
Five muscle fibers were selected at random from
each section, and 5 consecutive sarcomeres were
measured in each fiber. The average of 25 readings
was used as sarcomere length of each muscle at
any given time.

RESULTS AND DISCUSSION

Extreme contraction was noted in pre-
rrqor muscle samples when sections were
co lected onto cIean untreated slides. ?
tirw rg or has heen rﬁported to ogcur from
calciumrelease Into the actomyosin system
( artmann, 1961). Since It was necéssary
t observe muscle frt%ers In exactly the state
of contraction as when removed from the
carcass, a method was devrse to Drrrevent
thaw contraction, By employing
chelate calcrum lons,” state o contractron of
ase?cte mubsceat time of samp Glng c%
rear be observed and measure
froze sectrons were coIIected onto sIrdes
treated wrt grécenne and sa ine solutjon
saturated with" EDTA, further contraction

Id not occur, E 1A shows muscle fibers
not treated with EDTA. In this case, fibers
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Mu e fiers e ed prior 10,
or motr %n p

rozen secr n'was ¢ Ilei;lsers
asr 1l

xtreme taw Coptraction
enced by more re axe

e { section 3
contracted %reatlgteupon thawing. Fig. 1B

ed onto a sli Teaap e

nwas prevented, as evr-
|bers

shows EDTA-treated fibers from“an adjacent

section of the same sample in which “fibers

were not in a contracted state,

Bv this procedure it was possrble to 0b-
serve fiber changes and to plot muscle con-
tractron atterns of ea%h animal, Man
samP es xcrse soon after stunnrnﬁ con-
tracted greatly upon, cutting, which cor-
responds 10 prevrous indings (Locker, 19 P:
Herring et al... 1965). This was esgecray
true in”one herfer thaf showed evidence of
nervousness Immediately previous to sIaugh
ter. However, as rrﬂor mortis a roac
muscles lost this irr abrlrt i rt%e
resér%onse to cutting occu red after 3nr

-mortem.
There was wrfrcant diffe drenee rg
sarcomere lengt s of lon rssrmus orsl an
semimem ranosus musc es unn? J
genod These va ues were consistentl ab
Observed changes suggested that _cut
muscles did not recover to their ongrnial
lengths gnor to cutting, for consideranly
longer sarcomeres have™ been regorted fqr
Psos major ELocker _ nd semi-
endinosus muscles (Herring ‘ct al., 1965).
As the rapid Jthase of contraction began,
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Correlat | n COE |C|ents 0
8onfaracetlo d | gor mortis and ‘tlmg{e
AT S
Bulls .57 05
Heifers .32 .56
Steers 18 16
Heifers and steers — AT 223
Heifers, steers, and bulls - .38 -11

* Significant at .05 level.

i * - muscles of the two treatments usuaII roved
riglollg'm% Tie most o ?a?gﬂ %E)lq ap |gh(fT to be ultimately less tender. In 16 o?nﬂarl
15" stralght, "whereas the fess contracted’ ones~aré  sons with herfers and steers, muscles reac mg

Way. greater confraction during Tigor mortis wer
muscl fibers contrac%ed at various rate a%lflénraetneclgpless tgn?eﬂlflpca%% {nstances This

L-1api ){ contracting fibers were normally rove P < .05) with
StI’aI?hI pPearance while adﬂacent slower  semimembranosus muscles.
contracting “fibers were _usuafly

C wavy or Normally, sarcomere Iengths began to in-
kinked" in appearance. There was evidence crease less than 3 hr after” maximum con-
that klnkmg Was due to a gullm influence traction had been reached. This was most
of rag|d|y ontractmgF Iber ose more  marked in the semimembrangsus  muscles,
relaxed assown In |§ which were in_most cases considerably more

The two muscle typés observed revealed relaxed after 7 days than Ionlqlsmmus dorsi
somewhat dlfferent contractlon >Patt(?r muscles. By the 7th day, values for semi-
Semlmembranosus muscles normall not membranosus mulscles were 90.4% those of
[ea thesate ofcontractlon ?fthat observed rerlﬁ;or and va Ues for longissimus dorsi
In the lon |55|mus dorst muscles during rigor  muscles averaged 86.5%.

martis Semimembranosus muscles were consis:
Durin rlgor semimembyanosus MUSCles —tently less fender. than ?onglssmus dorsi

contracted o an average of 784% of pre
rlgor values, while Ton g|155|mus dorsl mus%les 5”)”3 ,'fge;g”fg‘ﬁ%‘&}g{ysﬁg‘aerfv;'ﬁ%%h&&gre(ﬂagbég
were contracted to 73./%.  Muscles from ke an 9 ectively. However
sides |n|t|aIIy exposed to the 20°C freatment e tenderness fre 58 were “normally re-
usuaII sowe greater contraction. than verse After 7 days. Average 7dav thear
those e at D2°C.Correlation coefficients  yajue” was % for semimembranosus
(ha le 2) indicated only a small"relation- mscles i T 18(‘1( Tor longissimus dori
Sni bet een State of contraction at maxi- muscles. Sem|me branos S musc e nder
i rigor mortis and the ultimate (7 days) —yent conmderab[n tenderization _Hurlng

tenderngss, Inal longissimus . dorsi  shear
Yet Within animals, more contracted  SAJLes dlfl%ered very e from inial values,

dAvera e . sarcomere |en ths r‘lu)s n three Of the fOUf hEIfEI’ CarCaSSES |On?|3
|35|mus orsi Cles

éJnH i SeHIMmANcSLS simys dorsi muscles were considerably  fess
uring maximum- contraction. tender after 7 ays

Longlssimus dorsi  Semimembranosus Final state of confraction aﬁ eared to be

see  awe  aee  aoc  ClOSElY associated with ttendterd S5, Aften27

ays~aging, more contracted longissimus

Bull oo g m%sc?es Detieen the two tregtments

e’ 1B 18 18 1B fere sign |cant% (P < 05% ess ten?er than

i m 18 1% 1y less contracted muscles. This was also true

of semimembranosus muscles from heifers
1.49 162 and steers.
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Table 3. Initial and final shear values" of two muscles (in kg).

Bull 1 R 1611 1710 2105 1562
C 1388 20

Bull 2 R 1440 901 24.29 961
C 9% 952

Bull 3 R nm 1266 1820 875
C 138 736

Bull 4 R 1366 pA 1467 1nn
_ C 1352 6.93
Heifer 1 R 1181 1269 185 1%
_ C 1261 1208
Heifer 2 R 135 1219 79 9.83
_ C 1.4 82
Heifer 3 R 937 1274 1956 1058
_ C 120 9.3
Heifer 4 R 10.66 2186 2009 17.04
C 1973 1488

Steer 1 R 1045 971 1357 848
C 1373 9.39

Steer 2 R 9.17 8.20 1486 961
C 8.64 7.08

Steer 3 R 4 11.06 1740 973
C 992 10.28

Steer 4 R 129 971 2340 831
C 8.20 4

" Shear value represents mean value of six shear determinations.
IR = initial treatment of 20°C: C = initial treatment of 1-2°C.

It was often very difficult to section sam-
ples removed after 6 or 7 days of aging.
The fibers appeared to be brittle, and were
easily shattered. Shattering always appeared
to occur at the levels of the | bands, which
suggested occurrence of some type cf deg-
radation of the protein actin during aging.
Such a degradation could possibly be asso-
ciated with tenderization during the aging
period. The degree of contraction after 7
days aging may be a significant factor influ-
encing muscle tenderness, particularly in
muscles where contraction occurs rather un-
inhibited as in the longissinuis dorsi.
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Stability of Malic Enzyme in Fish Flesh at +3;'C

SUMMARY

An increase in endogenous malic enzyme in
tissue fluid, previously noted in frozen and
thawed fish, does not occur in unfrozen fish.
In tissue pasteurized by low-level gamma irra-
diation, malic enzyme activity remained con-
stant for 21 days at -f-3°C. At higher levels of
gamma radiation, activity was lost.

INTRODUCTION

A consistent observation in this Iaboratorx
has been that in the soluble portion of fis
flesh actrvrty of the malic enzyme L-malate :
DP oxr oreductase gdecarb xylating),

EC 1.140] in the presence of added sub-
strate approximately doubles after a single
freeze-thaw cycle of'the flesh, This freezing-
Induced activity remains fairly constant in
fish held unde good 8—29 _CJ frozen-stor-
age conditions, but drops with time in fish
Qletl% nusnd(%r pogr (—7°C) frozen-storage con-
It

AIthough It seemezt probable that the ob-
served rSe in actrvrtR/ was due to the release
of a previous| d malic enzyme. (ME)
fractron by the physical processes of freezing
and th awrn rt was necessary to determing
wheth er similar ch an%s may aIso oceur n
the endogenous ME activity” of fish held at
Iced- storage temperatures.

Z

T0 ensure that we were working with onl()j/
the endogenous enzyme In fish, We inhibite
bacterial ‘growth by subgectrn the tissue to
Pasteurrzrng levels of cobalt-6 radratron Qp
0 1 megaraq), after, determrnrng that th
ME a%trvrt I such irradiated sampl
not dirfer from the activity In the nrrradr
ated control. Higher doses were used to
measure the in sitt [ability of ME to gamma
radiation.
METHODS AND PROCEDURES
Samf)le preparation. Fresh fillets, cut from
4-0-6-Ip haddock (Melanogrammus  aeglcfimts)
caught by hook 1 day prior to the experiments,
were freed from skin”and fatty tissue, cut trans-
versely into roughly 1-inch strips, and separated

into head and tail Sections. One strip from each
section made up a sample (60-100 gf The sam-
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ples were vacuum-sealed . in plastic pouches and

laced in No. 2 cans, which were then air-sealed.

uring the irradiation process, each, can was cen-
tered in a No. 10 can filled with ice to prevent
warming. A series of samples, irradiated at 0.25-
Mrad intervals up to 1.0 Mrad, was stored at --30C
and tested, every few days for ME activity, A
second series, irradiated Stepwise from 0.25 Mrad
to 4 Mrads, was tested immediately.

Enzyme preparation and assay. On the day of
assay each tissue specimen was transferred whole,
including in- package drip, to & po 2yopropylene tube,
capged centrifuged at -44°C for 20 min at 20,000

and its su ernate withdrawn with a syringe.
The surrernate (CTF) served as the crude énzyme
Prepara lon Mrncrn and homogenization of " the
Issue were avoided, oth to eliminate the possibil-
ity of mechanically produced artifacts and to en-
able us to use undiluted tissue fluid, since ME
actrvr ’\X in the skeletal muscle of fish is very low.

E assay, a measure of the, rate of reduction
of NADP ythe malic enzyme in the presence of
added malate, is hased on the work of Ochoa et al.
%%é& and has been described elsewhere (Gould,

Unit of activity. The ME index, unit of activ-
>é/used here, IS the change In absorbance 5340 mut
OernO | ml. CTF, under the conditions o
assay. The reaction rate for each sample was cor-
rected for the NADP-dependent activity with no
added substrate.

Bacterial count. Standard agar plate counts
were taken at 2 weeks for the "0.25-, 0.50-, and
1-Mrad samples and for the control, The nutrient
formula used was deveIoPd by Nickerson et al.
(19%L1) for determining total Counts of psychro-
philic organisms.

RESULTS

Samples irradjated up to 1 Mrad retained a
fairly ‘uniform level of ME activity during the
3-week storage period (Table 1), despite an er-
ratic _increase i CTF volume” with" increasing
radiation dose and with time of refrigerated stor-
age, Because there was no change in crude ME
actrvrtY In these samples even after 3 weeks, we
infer_that nq significant dama{ge was done by the
irradiation either to the ME ifself or to any endo-
genous system upon which its stability may Gepend.

The unirradiated controls, however, showed not
only an increase in ME activity but also consider-
able bacterial contamination (See plate counts at
12 days in Table 1). Assays on these controls were
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Table 1 Malic enzyme activity in irradiated and unirradiated haddock flesh stored at -j-3°C.

ME index (AA X 10'Vmin/0.1 tnl CTF)a

Cobalt-60
dose
(megarads) o 2 8

0 3 5 89
025 3 3 3
050 kY 4

0.75 k) 3 J
100 5 40 3

S pondnd

not continued beyond 2. weeks, as spoilage had set

n by that fime.” The_ irradiated, samples, by con-
trast had little bacterial contamination at 12 days
and ‘still had a moderately fresh odor after 3
weeks. Because the only variable in treatment be-
tween the controls and the irradiated samples was
the pasteurizing irradiation itself, and because an
incréase In ME, activity occurred only in the bac-
terrallx contaminated _controls, it seems probable
that the increased ME activity is due. to the orga-
nrsmts themselves or to some fraction of their
number.

With rncreasrn? radiation doses (Table 2), there
was measurable Toss in ME activity at 15 Mrads
and at 2 Mrads the activity dropped to one-third
of the orrornal Assay control values rose with
increasing eveIs of radiation, peaking at 15 Mrads

and fallifg off thereafter. This activity may pos-
srbly be ascribed to {NADP linked) “alcotiol de-
hydrogenase (Shaw,, 1965); alcohols and ketones
have Deen roduced rn protern solutrons b% ronrzrng
radiation E m. Corps,
rise to peak values coud be ascrrbed toan rncrease

Table 2. Lability of the malic enzyme in situ to
gamma’ radiation.

Malic-enz yme
index a

Assay controla
(NAD P-dependent
activity

Cobalt-60 (activity due

0 39 6
0.25 3 il
050 X 14
075 R/ 2
100 5 2
150 16 3
200 10 5
300 2 il
400 1 19

“ Arithmetic mean for 3 samples.

Days of storage

12 15 18 21

9oolr%oo "
( 43) ) ¢l
(1, 130)
% B %
9
gl % 2
3 3% ¢
(10)

£ses repPeseht the number of bacteria per gram of flesh after 12 days

in available substrate, and the falling off, to the
gradual inactivation of the enzymes involved,

CONCLUSIONS

Malic_enzyme actrvrtK in haddock flesh
during iced ‘storage. The uniform concen-
tration of ME actrvrt rn haddock flesh. held
aseptical ?/at +3°C for 3 weeks IS in strrkrn%
contrast 0 the Ioss in actrvrtg of this enzym
at —/°C, Index may
used fo rndrcate quaIr ty loss in frozen stored
Ish, it cannot_be used for a similar purpose
rn ice-stored fish,
A major consrderatron in comparing ME
stabilities at the two temperatures is that the
enzyme’s activity in the fluid of frozen and
thawed fish Is about double that in unfrozen
fish. This activity, solubilized by physical
processes may be a second molecular“form
f the enz%/m more labile than its soluble
counter ar
AIthou h e ME index increases in non-
pasteurizéd fish at +3°C, it would not be a
reliable criterion of “freshness,” for several
reasons

1A frIIet cut from a fish held iced several
% in th e round would have a compara-
fl ysmal bacterial_population and a cor-
respondingly low. MEindex. - Such a fillet,
fresh” by Dacterial standards, would not be
50 “fresh’ asafrIIet cut from a freshl caugh
fish, In which g)rcogen and nucleotide break-
down would e Tess far advanced.
g ME actjvit attrrbutalgle to the gres
encé of bacteria can only reflect a gegree of
bacterial growth and would be no more de-
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I B PR
unli | I-
ated \AfYth fish eaborate Y

3)  In freezin weather if fish were Ear
tially frozen on” deck before stowage, M
values would be erratically and deceptlvel
high because of the partial release of the
“bound” ME fraction. In such a case, one
cannot distinguish between “bacterial™ ME
and the freeze-thaw released ME.

Stability of the malic enzyme to ?amma
radiation.” The malic enzyme_is refatively
stable to gamma radiation 1n situ, requmn?
more, than 1 megarad to produce significan
Inactivation in Iced tissue.
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Influence of Processing Procedures on the Post-Mortem
Permeability of Chicken Muscle Sarcolemmas to Protein

SUMMARY

The permeability of intact chicken muscle
sarcolemmas was studied in relation to: a) the
pH of Ringer’s solution surroundin? the mus-
cle; b) bathing the muscle in distilled water;
e) rigor; d) freezing and thawing; and e)
processing in a factory. Change in pH of
Ringer’s solution between 5.5 and 7.5 had no
effect, but bathing in distilled water, freezing
and thawing, muscle restraint durin? rigor, and
normal processing in a factory all made the
sarcolemma permeable to protein. When iso-
lated muscles were immersed in distilled water
for 24 hr, 1.7% of total muscle protein was
lost. Isolated muscles which were not re-
strained during rigor were not permeable to
Brotein when immersed in Ringer’s solution,
ut muscles which had passed through rigor
on the carcass were. Intracellular protein can
therefore be lost from carcasses both as a
result of processing and of freezing and
thawing.

INTRODUCTION

During, the processing of poultry, it is
usual to“immerse the eviscerated carcass in
slush ice to remove body heat ra |dlg, 3
procedure which results “in the uptake of
var mg amounts of water_ (Brant, 1963),
some of which remains within the carcass
after the free water has drained away. The
absorbed moisture is refained bg freezing,
put is later released, during and, after thaw-
Ing, as a viscous red fluid Containing appre-
cidole amounts of solid_materials including
e\r/tem £Os,ner and  Shrimpton,  1966a).

hen freezing and thawing are accom-
plished rapidly, losses of both fluid and
solids are less than when these procedures
are carried out slowly (van den Berg and
Lentz, 1964). Furthiermore, 1t has” been
suggested g sner and Shrimpton, 1966a)
that some of the solids lost in the flujd_from
slowly thawed carcasses may be of intra-
cellufar_ origip, e1l<though part undoubtedly
comes from“tne skin.

o SR Y
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A recent paper (Dawson, 1966 su?gested
that Injury to the ‘sarcolemma (muscle-fiber
membranﬂ) may resylt in a rapid diffusion
of Intracellular ‘proteins from muscles. The
present study was undertaken to determine
Whether Intfacellular protein can be lost
from the skeletal muscles of chicken car-
casses as a result of processm([;hand thame
procedures. For this lpurgoose e permeabil-
ity of muscle membranes to proteins was
Investigated, using Isolated. but intact %as-
trocnemius musclés pathed in Ringer’s solu-
tions. the proteins diffusing into the solution
being examined (ﬂualltatlvely by starch 9el
elec rophoreils for the presen?e of an intra-
cellular marker-protein, myoglobin.

EXPERIMENTAL

Choice of muscle and its preparation. Sixteen
‘Cobb’ broiler chickens aged 6-8' weeks were used
in tire_five experiments “reported below. Unless
otherwise stated, birds were killed in the labora-
tora( by injection with nembutal.

Gastrocnemius muscles were selected as most
suitable since they can be dissected from the
carcass without injury to the sarcolemma mem-
brangs. For the “first two experiments, pre-
rigor muscles were dissected from carcasses and
used  immediately, but in the final experiments
gostrlgor muscles were used. A muscle weighing

g Was placed in a small perspex container,
8 X3 x 2 cm, and bathed in 20 ml Ringer (White,
1949). After Lhr the muscle was remqved and the
solution dialyzed overnight at 0°C against a buffer
containing 0.5.1/ sucrose, 0.00LL/ citric acid, and
0.0LY tris %Scop_es, 1964). A control was prepared
for electrophoresis 'bY homogenizing the muscle in
25 volumes of distilled water and centrlfugomthhe
homogenate at 18,000 X G for 30 min at (°. The
supernatant was then dialyzed at 0° against the
same huffer as the quer. .

Choice and preparation of marker proteins.
If the membrane becomes permeable to soluble
Brotel_n, the fluid bathmq the muscle will contain
oth intracellular and extracellular proteins. Elec-
trophoresis will separate these different proteins,
but, to be able to determine whether the mem-
brang has become permeable, at least one intra-
cellular protein must be identified. _

As an intracellular marker, a crude preparation
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of chicken mgosglobln Was, preloared by the method
of Penny (1965), which involves the” precipitation
of crudé myoglobin in 65% acetone, followed b
fractionation Wwith (NH"oSCh according to the
method used by Akeson and Theorell (1960) for
the_isolation of horse myoglobin.

Chicken serum albumin,” for use as an extra-
cellular marker, was prepared by the method used
by Cohn ct al. (1950) for isolating serum albumin
from human plasma.

Starch-gel electrophoresis. . The apparatus used
was, of a vertical t)ﬁ)e (Smithies, 1959), employing
a discontinuous bufter System 6generally similar t0
that described by Scopés (1964). The outer gel
(pH 86 at 20°)"was made up in 0.064/ tris-0.LV/
boric acid. The inner gel was made up in 0.012M
tris-8.003.1/ phosphoric acid and IM urea (pH 8.3
at 20°), This buffer system gave similar results, to
the huffer used by Scopes (1964), but the solution
was more easily” prepared. The lower electrode
(anode) huffer Contained 0.1.1/ tris-80252Y sulfuric
acid, and the _upger electrode gcathode) buffer of
02M horic acid-0.05M NaOH-0.044/ NaCl.

Electrophoresis was carried out at 400 v, 12-15
ma for 42> hr in a cold room at 1°, Following
Scopes (1964), the gels were sliced, stained for pro-
tein with a solution”of 1% Naphthalene Black 10B
plus 2% Nigrosine (water soluble) in methanol-
acetic acid-water (5:1:4 by volume) and Fhoto-
?raphed for a permanent record. The complemen-
ary. slice was sometimes stained in a mixture of
dianisidine and hydrogen peroxide (Owen et al.
1958) as a tes{ for the catalase activity of
myoglobin.

EXPERIMENTS WITH RINGER’S
SOLUTION

In the following experiment, muscles were
bathed in Ringer at pH 7.5 or 55 to simulate
prerigor and postrigor conditions,  respectively.

To obtain a pH "of 75 White's_ Ringer was
modified by omission of NaHCCL, This was dis-
solved separatelg_, and an_apProprlate_ amount was
added to_the Ringer_until the reguned pH was
reached. To prepare Rmoqer of pH 55, no NaI_I(.(P.
was needed, and only 0.0145 |glL NasHPOI, fo-
gether with 00053 g/L NaHsPCL, was used, in-
stead of 0.145 g/L Na»HPQOi. For both modifica-
tions, extra NaCl (0.5 q/L) was added, to keep
the jonic. strength “of the ~solutions within the
?hysmlogma_l range for chicken’s extracellular
luid. ~ Prerigor muscles from 2 carcasses were
placed in muscle-baths at 20°C containing 15 ml
of modified White's Ringer at the appropriate P_H.
Thirty, 60, and 120 min later, 2 ml of solution
were removed from each bath and prepared for
electrophoresis, the pH being noted prior to the
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removal of each sample. The whole experiment
was then repeated, with sampling at 0, 1, 2, and

r
_ Effect of distilled water and permeabilit}/ of
intact muscles to lactic acid. One muscle from
each of 2 birds was placed in a bath containing
20 ml sterilized White's Ringer (pH_7._5I), and the
other in a bath containing 20 ml distilled water.
Five ml samples of fluid” were then taken from
each bath after 0. R 1,2, 3 4 5 6, and 24 hr, the
volume removed beln% replaced by an equal volume
of fresh medium. Atter the final sample,. surplus
moisture was removed from the muscle with filter
paper. and the muscle was reweighed. The total
protein content of each 5 ml samplé and the soluble
sarcoplasmic_protein from the muscle were both
measured with Folln-i)_henol reagent (Lowry ct al,
1951), using crystallized hbovine serum  albymin
Armour Pharmaceutical Co.) as a_ standard.
fter dialysis, the proteins were examined (iualj-
tatively by starch-gel electrophoresis. The lactic
acid contents of the” samples taken from the muscle
in Ringer's solution were determined by the colori-
metric ‘method of Barker and Summerson (1941).
The experiment was repeated with the moditication
that samples were taken after 0, 1, and 24 hr only.
Experiments with muscles allowed, to pass
through rigor-mortis on the carcass. One muscle
from each "of 2 carcasses was placed in a poly-
ethylene hag and the bag sealed with tape. After
20 'hr, the_ other muscles were dissected and all 4
muscles (including the 2 that had  been held in
olyethylene bags) were bathed in_20 ml of
Ringer's solution” (pH 7.5) for 2 hr. The proteins
In The  Ringer’s solutior’s were then examined
qualitatively by starch-gel electrophoresis. In a
second experiment, the “same procedure was fol-
lowed except that the birds were killed by dislo-
cation of the neck. _ _
Effect of quick freezing and thawing. In this
experiment, an attempt was made to discover
whether the commercial practice of freezing car-
casses rapidly results.in muscle membranes™being
permeable after thawing. Four muscles were re-
moved, from 2 carcasses and allowed to go through
rigor in polyethylene bags. After 20 hr; the mus-
cles from the left legs were frozen in an air-blast
of 1000 ft/min at —30°C and thawed at +30°C
and, after removal from the polyethylene bag, all
four muscles were bathed for Lhr"in 20 ml Ringer's
solution, which was then examined by electro-
phoresis. o
Effect of processing in a factory. Two fresh
carcasses were selected at random after mechanical
chilling. A muscle dissected from each was bathed
for 1hr in 20 ml Ringer's solution, which was
then examined by electrophoresis.
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RESULTS AND DISCUSSION

The oosrtron of the marker protein myo-
globin Is shown on an electrophoretogram
in relation to spme other protern bands In-

cluding serum albumin (Fig. 1). 1f @ muscle

SCHEMATIC REPRESENTATION OF POSITIONS OF ALBUMIN AND
MYOGLOBIN BANDS ON AN ELECTROPHORETOGRAM OF

CHICKEN GASTROCNEMIUS MUSCLE

+

ALBUMIN

SAMPLE SLOT

achemato%lre resentation o{

osrthons of
ands on an ele
usc

aIbFuqurr frophoreto-

gram 0 C%ICE%O

was cut before or during rigor, the damage
was, revealed by electrop oresrs the attern
of hands from angers solutions used to
bathe the muscles for 5 min being then simi-
lar to that of muscle extracts, Muscles on
the carcass may be accidentally injured in
this wa durrn evisceration.

Tthe ! restedI musctle rmtmedrately
ost-mar em is normally within N
92 to 7.4 but with birds this raBrd? agps
to an ultimate value of 5.7 to 6 wrt In a
few hours. E en after immersion of muscles
In Ringer's solutions at pH 15 or 55 for
3 hr. there were no clearly defined bands of
rntracellular Rrotern on an electrophoreto-
gram althou t e abumm band was r[)res-
nt h Rin er squ lons
changed d rng thrs perrod
was “found. that 3.4 mg lactic acrd per %
muscle diffused into the an%ers solutio
dyring a 24-hr gerro |eaving 4.0 m%/g
withirt the, muscle, and this was Proba Iy
almost entrrely responsible for the lowerin
of the pH of the Ringer, originally at p

PERMEABILITY OF CHICKEN MUSCLE SARCOLEMMAS

er’s so?utron Hﬁng\’\éltgagt%edngmtrﬁ% Fr)nl-tlrs(tf Ring-
nItir,scIe ifn pH of solution pH of solutron
solution (hr) (ariginal pH 5.5) (original pH 7.5)
ey
(0 6.4 12
2 64 6.7
3 6.4 6.7
Muscle
homogenate b~ 6.S 65

'\ en A min after immersion.
JLV% Hg t ken 3hr po%[ ?norteme 0

15, The observed rrse rn pH of the Ringer,
orr?rna rt/ h5to 6 be due to
diffusion-out of the oe trdes arnosing and
anserme whrch together account for aboo

0% of th te uffering power of muscle

Davesy

cles | rm ersed in Ringer's solution for
24 hr increased their weigft by 21%, com-
nared with 36% for those™ immersed In dis-
illeg water for the same period. Although
no intracellular protein could be. detected ‘In
Ringer’s solutions used for bathrng muscles
for 24 hr, a detectable amount ha drffused
nto drstrtled Water after h Ir%
-urthermore after 24 hr over 5tr 8s 45
much total protein had diffused from muscles
immersed in distilled water as from muscles
In. Ringer’s solution (Table 2). Some of
this Protern was extracellular albumin from
capillaries within muscles. However th? -
creased amount of protein dfusrng rom
the muscles immersed in distilled watér must
have been a result of permeability of muscle
membranes to rntraceIIuIar rtern The
strarn Imposed r%/ imbition of water ma
have caused the membranes to become per-
meable, and it is therefore possible tor car-

Table. 2. Drfquron f soluble proteins Jrom gas-

trocnemius muscles Into surroun INg media
Time of mg soluble protein per g muscle
S G o
0 0.038 0.067
I 0441 0.237
24 0635 333
Muscle * 26.7 285

a24 hr post-mortem.
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t Sftlj?lo'ns on electrophoretogram  (from
O
muscle after
muscle after
muscle after
muscle after

muscle after

e e e e

g

3R

3) 'zﬁlled water used to bathe
4) sr{illed water used to bathe
5) srtilled water used to bathe
6) |srt'illed water used to bathe
) srt'illed water used to bathe
) srt'illed water used to bathe muscle after
9) |t'}lled water used to bathe muscle after
10) Muscle extract, 24 hr post-mortem.

casses to lose inracellular protein during wet
chilling if conditions are ‘such as to allow
penetration of water as far as the skeletal
muscle membranes. However, assuming that
astrocnemius muscles contain 0.2 g Crude
%rotem per g muscle on a wet-weight basis
SOsner and “Shrimpton, 1966b), even after
hr of immersion In-distilled” water only
1.7% of the total protein content was lost
from the muscle. L
After death by dislocation or b% mgectlon
with _nembutal, muscles |eft on the Carcass
for 20 hr were permeable to protein, as
snown hy a faint intracellular band on an
electrophioretogram ﬁFlg. 3). It 1s probable
that muscles I6ft on the carcass during rigor
become permeable to protein as a result’ of
phy3|cal,|nAury to the membranes during the
muscles’ final contractions, since muscles that
were dissected from carcasses. immediately
post-mortem and allowed to shorten freely
during rigor in polyethylene bags for 20 hr
Wwere not Permeable f0 protein. "It has been
shown both for poultry” (Lowe, 1948) and

e ST LA B e ¥l
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o, Rigser SR (e T QJatH“eusr%'ﬁ?c%s”a G
s e% fp alc [Cass el ertlpreﬁ ortdpos I’Ig%.
fig { For PefBO:U 10ns on efectropnoretagram™ (rrom

i °{omt“|8°'eu§é%5?8‘?9 D00 muscle
Xtract o Iﬂ SCIE I%S(%Cteb I[I)]TEFIHOF.
Inger's solution used t0 bathe anove muscle.

?oe esfho(r|feonC I%?er’el 1%6(3)n thra : orrn %Srglelgssaltleorw ee?
ly during rigoj

than those WhIXh are ?est?_amed during this
Process. Two muscles, which were removed
rom a carcass immediately post-mortem and
left during rigor in polyethylene bags for
0 hr, were permeable after quick fréezin
and thav_vm%, $ shown b th% presence 0
myoglobin and otner Intracellular proteins
In" the ngers solutions used tq bathe_ the
muscles for 1 hr_(Fig. 4). This confirms
observations of Dawson (1966), who_has
shown that cytoplasmic enzymes can diffuse
rapidly from“chicken muscle after freezing
and thawing.

Muscles from carcasses thaf had been
processed in a factory, but not frozen, were
permeable to myoglobin and other intracellu-




836

Fig.. 4 Iectohoreto am of muscle ex S
% E ons usgé P(} hathe muscles a Eer

n

(% g'VIJOIU%N on ‘o electrophoretogram (from

1)
)

4

xtra t of muscle that had been frozen and

n ers Iut|on Us d to, hathe above muscle
le at o muscle t at haa q)een 1y rozen and

mgers solution used to bathe above muscle.

lar proteins (Fig. 5). It is possible that
mechanical plucking “and passage through
rigor under tension” on the' carcass contrib-
uted to this effect.

To summarize, muscles from chicken car-
Casses are not rendered ermeable to protein
by passing throug rlpqn unless . und er ten-
sion on_ the carcass, Pnysical injury urlng
Processmg {mmersion in distille water an
reezmg nd thawm? all render the muscle
membranes permeable to protein. However,
when an isolated muscle was immersed for
24 hr in distilled water, 98% of the. total
protein content was retained, Thus, intra-
cellular protein can be lost from carcasses
both as a result of processing and during

PERMEABILITY OF CHICKEN MUSCLE SARCOLKMMAS

lectrophoretogr lscle_extracts
Es Dlutons USeG. o %tﬂ“ lsces 1
ro 2358 car as £s fun 10z rgj
#) olutions on eec rop oretogram’ (from

rseetigﬁo f:ﬁs”e‘d F’%?sﬁw a%%&%s?nusae
ger's solution used cDaPne acnove muscle.

%

thawing, although the amounts involved are
not Iarge.
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A New Pectic Acid Transeliminase Produced

SUMMARY

A new type of endo-pectic acid transelimi-
nase was isolated from the culture medium of
a strain of Bacillus. The enzyme attacked pec-
tic substances randomly and produced unsatu-
rated trigalacturonic acid as the major end
product. The optimum pH on either acid-
soluble pectic acid or tetragalacturonic acid
was 9.3-9.7, and the enzyme required calcium
jons for maximum activity. Strontium was the
only other divalent cation which stimulated
actrvitY. Trigalacturonic acid was attacked
very slowly. The major site of attack of tetra-
galacturonic acid was the glycosidic bond on
the nonreducing end. Unsaturated tetragalac-
turonic acid was also attacked at the central
hond. The cleavage of pentagalacturonic acid
occurred preferentially at bond 3, followed hv
4 and 2, In order. The glycosidic bond on the
reducrng end is called bond 1. With unsatu-

rated pentagalacturonic acid, it was concluded
that the major site of cIeavage was at bond 3,
with a much slower rate at bond 2.
INTRODUCTION

It is now adpparent that the major mecha-
nism Involved in breakdown of pectic sub-
stances by enzymes of ba%terral orrﬁrn IS by
an elimination “reaction which resufts in tne
formation of unsaturated products. On the
basis of substrate sPecrfrcr , these enzymes
are classified into two gr ups pectic” acid
transeliminases (PATE)" and pectin trans-
eliminases. . The latter rou hich attacks
pectin but is nactiye towar Pec IC acid, has
peen demonstrated in ung AIbersherm
et al, 1960; Edstrom and Phaff,
Pecttrc acid’ transelrmrnase whrtch attacks
pectic acid more ra han pectin, appears
0 be widely drstrrBute% rnbcterra pn has
heen found |n members of th egenera Bacillus
(Starr and Moran, 1962; Nagel and Ander-
son, 1965), Pseudomonas_(Preiss and Ash-
well, 196ab Fuchs, 1965), Erzvinia (Qka-
moto et al. 1964) Clostridium fMac illan
and Vaughn 1964; MacMillan et al., 1964),
and Xanthomonas (Starr and Nasuno,
1963)._ There are at |east two different %/ e
of PATE : one attacks pectic acid rand
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Exocellularly by a Bacillus

&Na el and Anderson 1965} and the other
et des_pectic acid termrn Iy MacMr il
et al, 1904; Okamoto el al. In all
cases the enzymes have a hrgh o trmum pH
andt require Calcium ions for maximum ‘ac-
W

urrnrf a survey for production of a hac-
terraI 0 ggalacturonase b% bacteria, we |so
lated type of from an aerobic
Bacillus |solated from sail. This enzyme pro-
duces unsaturated trigalacturonic acid from
pectrc acld as_the major end product, while
all the PATE’ of other bacteria eported
prevrouslal Produce unsaturated —digalactu-
ronic.acid. It is interesting that cell &xtracts
of this bacterium, in addition to the trans-
elimnase, contain a hydrolase which cata-
lyzes the hydrolysis of only low- molecular
vlvgé%h t uronidés (Hasegawa and Nagel,

The present Publrcatron deals with the
Pro uctron 1solation, and characterization of
he PATE of the Bacillus isolate. We have
shown that the enzYme degrades pectic acid
and certain olr%oga acturoriides In a random
manner, and thus, Is classified as_an endo
pectic acid transeliminase (endo-PATE

MATERIALS AND METHODS

Substrates. _ Polygalacturonic acid %No 3491)
and pectin N.F. (No. 3442% were purchased from
Sunkrst Growers, Corona, California, and used for
most experiments without any treatment. Sodium
polypectate (No. 6024r)] obtdined from the same
comRany, was used as the carhon and energy source
in the “growth medium. Acid-soluble péctic acid
(ASPAY and the unsaturated oligogalacturonides
were prepared by procedures reported previously
(NaFeI and Anderson, 1965).
Oligogalacturonides were " isolated by . Dowex
1-X8 “1on-exchange column chromatographic sepa-
ration of the products produced from pectrc acid
tg’y veast . endo- poly?alacturonase (endo-Y
ectic acid was partially hydrolyzed by the cru e
preparation of endo YPG prepared by ‘the method
of Lull and Phaff (1954). The reaction was carried
out in 2 L of a mixture containing 3.0% pectic acid,
013/ acefate buffer, pH 60, and 10% (v/v) of the
enzyme preparation.~ After 16 hr of incubation at
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30°C, the reaction was halted by heating at 80°C
for 10 rain. The resulting mixture was filtered, and
the supernatant liquid was stored in a refrigerator
with a few drops of toluene as a preservative until

used.

A 400-m| sample of the supernatant fluid was
applied to the top of a Dowex 1-X8 column in the
acetate form (450 ml of wet resin in a 3.4-cm-ID
gl_as_s column). The column was first washed with

istilled water and_then eluted, stepwise, with in-
creasing concentrations, of sodium acetate. solution
pH 60; by the following schedule: at first 1200
ml of 0.204/ followed bg 1200 ml of 0.30.1, 600 ml
of 0.404/, 600 ml of 0.504/, 900 ml of 0.554/, 900
ml of 0.604/ and fmallg 900 ml of 0.704/. Fractions
of 91 ml were collected with a flow rate of approxi-
mateg 90 ml per hour. Variqus peaks were deter-
mined by measuring the urgnic acid concentrations
of every fourth fraction with the carbazole assay
method” (McComb and McCready, 1952) and were
identified by paper chromatographic €xamination
with authentic compounds as the standards. The
results are shown in Fig. 1. The strontium salt
of each compound was__preuPltated from pooled
fractions with the addition of ethanol to a final
concentration of 60-80%. The free acid was
recovered from its salts bg passm? the aqueous
solution through a Dowex 50" (H+form) column,
concentrating n a vacuum desiccator, pr_empltatlnF
by the addition of an ethanol-acetone mixture, fil-
termﬂi and washing with acetone. To ensure pur-
ity, the isolated substrates were refractionated a
second time over Dowex 1-X8.

Characterization of substrates. All the_sub-
strates used were shown to be chromatographically
homogeneous. ~ Molecular weights of “the com-
POU” s were determined by the” hypoiodite method
or reducing groups andalso by the carbazole
method. For thie carbazole assay, alacturonic acid
was used as the standard and was purified from a
commercial product (No. 3493, Sunkist Growers,
Ontario, California) by Dowex 1-X8 column chro-
matography and reprecipitated from water with
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acetone, Ratios of carboxyl to aldehyde groups
were also determined b[y_the usual manner.
Assay methods. Profein concentration was de-
termined by the procedure of Lowry ct al. (1951?.
Lronic acids were measured by the carbazole
method described by McComb “and McCready
1952), The reducing value of uronic acids was
etermined by the hypoiodite method (Patel and
Phaff, 1959)." Paper chromatographlc analysis of
uronic acids was carried out Dy the method de-
scribed previously (Na%el and "Anderson, 1965).
Unless otherwise, stated, PATE activity was
assayed on the basis of the enzymatic production
of unsaturated groducts which have an_ absorption
maximum at 232 mg. Routinely, PATE activity
was determined in 3'ml of a reaction mixture cor-
sisting of 0.14/ glycine buffer, pH 95, 0.067%
ASPA, 0.0014/ CaCL, and 05 ml of proper dilu-
tions of enzyme solution. Absorbancy _changes at
232 mg weré measured in a BeckmanDU spectro-
photoreter equipped with thermospacers and
adapted to measure absorbance changes with time
at constant wave length by a Gilford automatic
recording apparatus,_ The réaction was carried out
in 1-cm’ cuvettes, The reaction temperature was
5°C. The absorbancy reaqus at 232 me« were
converted into_molar Concentrations using a molar
exhgcnon coefficient of 4,600 (Nagel and Anderson,

One unit of PATE activity is the amount of en-
zyme which will produce, 0L millimole of un-
saturated uronides per minute under the above
conditions. _ _ _
_Enzyme production. The_ strain of aerobic Ba-
cillus was 1solated from soil on, the same pectic
acid medium described by Preiss and Ashwell
(1963a). A crude enzyme solution was prepared
by inoculating 1.0% (v/v) of a 48-hr_culture into
2 4-L Erlenmeyer flask ‘containing 500 ml of a
2.0% sodium polypectate medium “with the same
mineral salts ‘used for the growth of Bacillus
?olymyxa (Nagel and Vaughn, 1961a). The cul-
ure was agitated by a reciprocal shaker’ (76 strokes
P:er minute, amplitide 4 ¢m) at room temperature.
ell_ production (Nagel and Vaughn, ~ 1961a),
PATE activity, and ‘protein concefitration were
monitored in Order to obtain maximum yield  of
exocellular enzyme without excessive contamination
from cell protein. After 40 hr of incubation, the
cells were removed by centrifugation. The super-
natant solution, after dialysis against tap water for
2 hr, was used as the crude enzyme preparation.
_Purification of PATE.. The enzyme was par-
tially purified by ammonium sulfaté precipitation
followed by diéthylaminoethyl cellulose (DEAE
cellulose) column “chromatography. The dialyzed
preparation was adjusted to” 90% saturation With
solid ammonium sulfate at 0°C. The precipitate
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was collected by centrifugation, dissolved in a
small quantity of distilled Water, and dialyzed for
2 hr with runmnq tap water followed by 2*hr more
with distilled water at 2°C. Although the specific-
activity was not changed, preliminary experiments
showed that it was necessarr to concentrate the
samples extensively before [oading the DEAE-
cellulose column in"order to obtain good resolution.
The concentrated enzyme preparation was carefully
introduced at the fop of the DEAE cellulose
(20 ml of wet resin in_a 1.5-cm-1D glass column )
which had been equilibrated with™ 0.005M tri§
buffer, pH 90. The column was eluted, stepwise
with  increasing concentrations of tris buffer, pH
76, and XaCl as follows ; 25 ml of 0.015/ followed
successwela/ by 25 ml_of 0.041, 25 ml of 0.074/
50 ml of 0.102/ tris, 50 ml of 0.104/ tris % 0.14]
XaCl. 50 mi of 0104/ tris + 0304/ NaCl. and
50 mi of 0.105/ tris + 1.04/ NaCl. The effluent,
whose rate of flow was _approximately 35 ml per
hour, was collected in 2.7-tul fractions; The pectic
acid cup-plate method was emglo ed to locate the
enzyme (Nagel and Vaughn 1961a), and, quantita-
tivé determinations of the enzYme activity in the
fractions were carried out by the standard proce-
dure. The protein. concentrafion was estimated by
measuring absorption at 280 mg..

Effect of pH on PATE activity. The effect of
pH on PATE activity was examined with ASPA
and tetragalacturonic acid as substrates. The activ-
Ity was Uetermined by measuring the initial rate
under standard conditions. Reaction mixtures con-
sisted of 0.067% ASPA or 5 X 10XU tet_ra%alac-
turonic acid, 0.0014/ CaCh, 0.14/ gflycme-trls uffer
at various pH's, and 0.048 unit of the enzyme for
the ASPA ‘and 0.076 unit for the tetragalacturonic
acid assays. ,

Determination of mechanism of attack. The
random-splitting mechanism of PATE was demon-
strated by comparmtI]_ the decrease in viscosity and
the percént degradation of sodium P_olygalacturo-
nate. as a function of time. Reaction “mixtures
consisted of 0.6% sodium [ioly alacturonate, 0.15/
glycine buffer, pH 95, 0.0015/ CaCE and 55 units
0f the enzyme in a total volume of 1otml. Immedi-
ately after addition of the enzyme, 4 ml of the
reaction mixture was placed ina capillary viscos-
imeter, and flow times were determined periodically.
The rate of reaction was determined, by removing
05 ml of the samBIe at various time._ intervals from
the remammq_ 60 ml, treating with Dowex 50
(H+) to inactivate the enzyme, filtering, washmq,
adjusting the sample to a final volume of 50 ml
and measuring ahsorbancy at 232 my. The reaction
temperature was 30°C. ~ o

Effect of divalent cations on PATE activity.
To determine the effect of calcium ions on PA
activity, the reaction was carried out under stand-
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ard_conditions in the presence or absence_of 0.0024/
sodium ethylenediaminetetraacetate {ED_TA . The
PATE coricentration used was 0.061 unit. To de-
terming whether other divalent cations could re-
place calcium, the chloride salts of 6 different
cations were tested. The concentration of cations
was 0.0014/, and 0.094 unit of PATE was used.
The control contained no added divalent cation.
Paper chromatographic analysis of reaction
products. The reaction products from saturated
and unsaturated oligogalacturonides were an_alyzed
by paper chromato r%})hy. The reaction mixfures
consisted of 5 X 10X1/ substrate or 0,067%. ASPA
0.0014/ CaCE, 0.15/ giycine buffer, pH 95, ang
0221 unit of the PATE in 3 ml. After 30 hr of
incubation at 30°C, the reaction mixture was
treated with Dowex 50 (H! form), and the filtrate
Was eva[%orated to dryness and dissolved in 0.5 ml
water. Twenty y1 of the sample was spotted on
Whatman No.4 paper and the paper was developed
by the method described previously (Nagel and
Anderson, 1965). The spots were déveloped by the
periodate-benziding method.
_Designation of bonds. In all cases the glvco-
sidic Imkat[]e next to the terminal reducing group
will be called bond 1; the next bond is 2; étc.

RESULTS

The results of purification of the enzyme are
shown in Table L This purification produced a
3fold over-all increase in specific activity. The
degree of purification is markedly depencent upon
the time of harvest of cells. Longer incubation
times resulted in marked reduction of the specific
activity of the crude _enzyme Rre&aratmn. The
results from fractionation of PATE by DEAE-
cellulose column chromatogrﬁlphy are _presented in
Fig. 2 Two peaks of PATE “activity were ob-
seived. Fifty-seven percent of the activity was
recovered iri fractions 60-80, 8% was fodnd in
fractions, 29-33, and approximately 35% was lost.
The ratio_between the' two peaks was approxi-
mately 1:7. This ratio, however, was not constant
from “column to column. In some instances, almost
all the activity was collected in one E)eak In the
vicinity of fractions 60-80. An_attempt was made
to defermine whether the PATE consisted of a
single enzyme. Paper chromatographic analysis of
the”products of degradation of riormal and Unsatu-
rated oligogalacturonides produced by the enzymes
from the" fwo Beaks showed that Dboth fractions
attacked the substrates and yielded identical end
Products. In addition, the reaction rates of the
wo peaks on ASPA and tetragalacturonic acid
were compared. The reaction Was carried out
under standard conditions with 0.06/% ASPA or
6 X 10XV tetragalacturonic acid. The smaller
peak, fractions 29-33, attacked ASPA 35 times as
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Table 1 Purification of PATE.

o Total PATE Prote § IeifliiftiyC purifi _
Purgggtion T vnisimt o g Bloim Geie ()
Dialyzed culture fluid (Y w055 843 I 100
(NHi). S0 precipitate-
after dialysis 21 1 28 812 I 62
DEAE cellulose fractions
(62-68) 442 8 06 A5l 3 2%

fast as tetr_aﬁalacturon_lc acid, while the_ratio of
activities with the major peak was 34. From the
above results, it was “presumed that PATE con-
sisted of only a single enzyme. Three individual
fractions in the major peak were also Subjected
to.the same method of analysis in order to deter-
mine the presence of two Or more enzymes. A
three fractions degraded ASPA 35 times as fast
as_tetragalacturonic acid.

The molecular weights of the substrates deter-
mined by the reducing group assay method and
the carbazole method aré shown in Table 2 In
the case of the unsaturated compounds, the molec-
ular weights were determined only by the reducing
group assaK method since preliminary experiments
indicated that the presence of doublé bonds inter-
fered with color formation In the carbazole reaction.

The effect of pH on PATE activity was deter-
mined at various pH values with ASPA and tetra-
galacturonic acid as substrate. The results_ (Fig. 3)
Show that_the pH range of maximum activity” was
93-97. This relativély high value is_in good
agreement with the pH optima of the PATE of
other bacteria re'gorted previously.. The pH opti-
mum curve on ASPA s nearly identical to the
one found by Nagel and Anderson (1965) for the
PATE from Bacillus pol¥myxa. It has "been re-
ported that chain_length of sUbstrate has a marked
effect on pH optimum (Demain and Phaff, 1954:
Nagel ana Anderson, 1965). Yeast endo-PG has
Its optimum activity at pH 44 on pectic acid, hut
the optimum pH is shifted to pH 34 on tetra-

?alacturonlc acid (Demain and Phaff, 1954). Simi-
ar results have been reported on the PATE of
A pol3ym¥xa, where the optimum activity is at
pH 9.3-95 on ASPA, hbut at pH 8.4-8.6 on tetra-
?alacturonlc acid (Nagel and Anderson, 1965).
n_contrast to these results, it was found that the
shift of optimum toward a lower pH did not occur
with our enzyme when t_etragalacturomc acid was
used as the substrate (Fig. 3).

The mode of attack, ferminal or random, can
he determined by measuring viscosity changes and
ercent cleavagé of the substrate S|multaneouslé/.
he endo-PATE of Bacillus pol¥myxo_ caused 50%
reduction in relative viscosity of pectic acid when
only about 2.0% of the bonds were broken &Na%el
and Vaughn, 1961ab), whereas the exo-PATE
from Clostridium mnltifermentans had” degraded
22.5% of the bonds of pectic acid when 50%
reduction in viscosity had occurred ~(MacMillan
ot al, 1964). As shown in FI?_. 4, the PATE of
this_ Bacillus caused 50% reduction in relative vis-
cosity when only 1.6% of the bonds were de%raded.
These results strongly suggested that the PATE
of this Bacillus speCies. deFraded pectic acid ran-
domly rather than termmalyr. _

The activity of the PATE of the bacterium,
which is shown by absorbancy changes at 232 mix
in Fig. 5 was stimulated markedly by calcium ions.
The addition of 0,001M CaCF to ‘the’ reaction mix-
ture increased activity markedly, whereas the addi-
tion of 0.002.L/ EDTA inhibited activity c_ompleteIY.
To determine whether other divalent cations could

Table 2 Characteristics of substrates.

Substrates

Trigalacturonic acid 46
Tetragalacturonic acid 2
Pentagalacturonic acid 898
Unsaturated
trigalacturonic acid 528
Unsaturated
tetragalacturonic acid 104

As anhydrates.

Theoreticala

Molecular weights

Carbazole Reclucing-

assay group assay COOH/CHO
558 568 292
146 123 383
9% 1012 502
618 2.9
2 384
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replace calcium, the chloride salts of 6 different
divalent cations were tested with ASPA as sub-
strate. It was found that strontium was the only
cation which had a marked stimulating effect on
enzyme activity i_TabIe 3L Strontium’ jons also
stimulated the“activity of the PATE of ...
vo oo (Unpublishéd data).  These results ap-
Rﬁ_ar to be in disagreement “with those of Mac-

illan and Vaughn (1964) for the exo-PATE
fOM c \ooiiiirn ovnienecnre. and of Starr and
Nasuno (1963) for the endo-PATE of ,......
e former investigators
showed that all of the divalent cations™ tested
except zinc exhibited some de?ree of stimulation,
Calcium showed the highest stimulation, followed

Tatile 3. Effects of divalent cations on PATE
activity.

R

gaction rate
(A 0D af 232 m/t/min X 10-3)

Cation
BaCE 43
CaCE 430
CdCE 4.0
CoCE 37
MqCE 45
SICE 253
MnCE 40
Control 42
) . . .
AR S SO0 A%
& er 3 ml. The cafion concentration was
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in grder by strontium, manganese, magnesium, and
barium. [n contrast, Starr and NaSuno (1963)
reported that none of the ions other than calcium,
including sodium, potassium, magnesium, manga-
nese, zinc, and strontium Promote_d enzyme action.

The products obtained from ollgoi;a acturonides
by PATE degradation were separated and ana-
lyzed by papel chromatography. The results are
Presented In Table 4 It appeared that trigalac-

uronic acid was not attacked. This observation
was further mvestl%ated by measurin absorban_c%/
changes of the reaction mixture at 232 mp. Wit
the aid of this sensitive procedure, it was found
that trigalacturonic acid, was attacked slowly. It
was esfimated that the initial rate of reaction on
te_tra?alacturomc acid was 75 times as fast as on
trigalacturonic acid. This finding differs signifi-
cantl;r from those with PATE's ‘of other baCteria.
The Tatter appear to_attack trlqalacturonlc acid at
a much faster relative rate. In the case of the
PATE of ..o ».ivoy... the, ratio of the
reaction rates, trimer to tetramer, is 1 to 3.6-38
(Nagel and Anderson, 1965).

The major products obtained, from tetragalac-
turonic acid were _galacturonlc acid and unsaturated
trigalacturonic acid (Table 4\). The occurrence of
thése two compounds indicated that the primary

X10-3 r o Aspa
OO Tetramer

20 —
S
£t
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€
I
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[QV]
s L
>
S 10
e
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1 1 1 1
7.0 8.0 3.0 10.0
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g, 3. Flffect o on activity of PATE on
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attack on tetragalacturomc acid occurred at the
nonreducing end of the molecule (bond 3). Al-
though the ma&or cleavage occurred at hond 3,
bond 2 appeared to be degraded to some extent.
The fact that only a small amount of the un-
saturated tetramer had been, attacked  although
tetragalacturonic acid  had virtually disappeared
under the same conditions, would clearly indicate
that the unsaturated bond inhibits attack of the
adjacent glycosidic bond by PATE. It is apparent
that the Trihibition was not complete, since some
unsaturated trigalacturonic acid was produced. The
production of Unsaturated digalacturonic acid indi-
cates that bond 2 was also attacked. _
A mixture of 6 compounds, mono-, di-, and tri-
?alacturonlc acids, and unsaturated di-, tri-, an
etragalacturonic acids were produced from genta—
galac uronic acid. The cleavage of bonds 4, 3, and
should produce mono-, di-, and tmrlalacturonlc
acids, respectively. Thus, the quantitalive estima-
tion of these three compounds should give the
relative importance of the three types of Cleavage.
The results indicated that the enzyme attacked
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0.001' M CaClp

T T |

Absorbancy at 232mu
s
|

Control

0.00I M CaCl,+0.002 M EDTA
1 1 1 L

)
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Fig. S Effect of calcium on) activity of PATE.

atdbond 3 preferentially, followed by 4 and 2, in
order.

The primary products from unsaturated penta-
galacturonic acid were unsautrated di- and tri-
galacturonic acids. Thus, the attack of unsaturated
Pentagalacturomc acid can occur at either one of
wo sites, bond 2 or bond 3 However, the major
site appears, to be bond 3 because the cleavage of
the gl¥c03|d|c_bonds of tetragalacturonlc acid occurs
almost exclusively at bond 3 rather than bond 2
 With ASPA & substrate, six compounds were
isolated. The majority of the products consisted
of unsaturated di-"and"trigalacturonic acids.

DISCUSSION

Tire results show that the PATE of a
strain of aerobic Bacillus isolated from soil
attacks pectic acid in a random manner. It
is therefore classified as an endo-polygalac-
turonic acid transeliminase (endo-PATE),
in contrast to the terminal splitting PATE

Table 4. Paper chromatographic analysis of the reaction products from oligogalacturonides.

XJnsat. Unsat.

Substrates tetramer trimer
Trimer
Unsat. trimer
Tetramer ++4+
Unsat. tetramer — “h+ H (+)
Pentamer ++ +44
+++

Unsat, pentamer
A ++44

(+

£

(exo-PATE), which cleaves unsaturated
Products
Unsat. . .
dimer Trimer Dimer Monomer
+4+4+4
(Q (+) +44
Y) (+) +44 +4+
+4+
+4 (+ + U

ASP ) )
A Séé\ﬂ &VBebpl/RXV %&iﬁoﬁ% %meo reS % %%B I Txfu? %\é%f%lh%egn%e )%p %%/I substrates or 0.067%

glyci

uffer,



844

digalacturonic acid units from the reduc-
ing end of the substrate (MacMillan and
Vaughn, 1964 ; MacMillan et al., 1964; Oka-
nioto et al., 1964).

The presence of a polygalacturonase in
the crude extract is ruled out because, with
unsaturated tetra- and pentagalacturonic
acids as substrates, no saturated compounds
were detected in the reaction mixtures. Also,
the presence of an exo-PATE is unlikely,
because the ratio of the reaction rates on
ASPA and tetragalacturonic acid of different
fractions obtained from DEAE cellulose
chromatography was always constant. The
enzyme of our bacterium has characteristics
similar to PATE's of other bacteria in the
respect that the enzme has a high pH opti-
mum and requires calcium ions for maximum
activity.

The most significant observation is that
tetragalacturonic acid is the smallest oligo-
galacturonide which can be attacked by the
PATE at a significant rate, in contrast to
other PATE’s which attack trigalacturonic
acid. Thus, it is understandable why un-
saturated trigalacturonic acid accumulates as
one of the major products from pectic acid,
whereas other PATE's produce unsaturated
digalacturonic acid as the primary product.

Tt is apparent that both the reducing end
group and the unsaturated moiety of the
substrate hinder PATE activity. The glyco-
sidic bond adjacent to the reducing end
(bond 1) is not attacked at all. but the
glycosidic bond adjacent to the unsaturated
galacturonic acid group can be cleaved at a
reduced rate. It is of interest to note also
that the nonreducing end of the substrate
interferes with PATE activity. This conclu-
sion is based on the fact that cleavage of
bond 2 occurred faster with saturated and
unsaturated tetragalacturonic acids than with
trigalacturonic acid. In addition, with penta-
galacturonic acid as the substrate, the enzyme
preferentially attacks bond 3 rather than
bond 4. This is not the case for the PATE
of Bacillus polymyxa, where the enzyme
splits bond 3 of tetragalacturonic acid faster
than bond 2 (Nagel and Anderson, 1965).
From the above evidence, it is reasonable to
assume that unsaturated trigalacturonic acid
is not attacked at all.

NEW ENZYME OF BACTERIAL ORIGIN

Unsaturated trigalacturonic acid, and
other low-molecular-weight oligogalacturo-
nides are presumably metabolized by the
growing organism, since they do not accumu-
late in the culture medium. The organism
appears to preferentially utilize unsaturated
rather than saturated uronides, as indicated
by the presence of saturated uronides in the
culture medium during the early stages of
growth. The hydrolytic conversion of both
unsaturated and saturated oligogalacturo-
nides to galacturonic acid and unsaturated
galacturonides most likely takes place in the
organism. The enzyme responsible for this
hydrolysis has been isolated from the cell
extracts of our strain of Bacillus (Hasegawa
and Nagel, 1966). This enzyme specifically
catalyzes the hydrolysis of uronic acids of
low molecular weight, and thus it has been
called on oligogalacturonic acid hydrolase.
The presence of this type of enzyme in the
cells of Bacillus polymyxa- has been reported
by Nagel and Vaughn (1961b) and as an
intracellular enzyme from a pseudomonad by
Preiss and Ashwell (1963a).

Results of further studies on the mode of
attack, and Km and Vm measurements on
different oligogalacturonides of the PATE
will be reported in a separate publication.
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Post-mortem Changes in Glycogen, Nucleotides, Sugar

Phosphates, and

Though fish flesh is consumed largely be-
cause it supplies high-quality protein and, to
a lesser extent, lipids in human diets, the
compounds that occur in comparatively small
amounts are almost certainly responsible for
the desirable or undesirable flavors that are
so important in determining consumer pref-
erences. It is only during the past decade
that research on these substances has re-
ceived increased emphasis, so that quite rapid
progress is now being made in separating
and isolating these compounds and deter-
mining their importance. The present com-
munication is restricted to carbohydrates
and related compounds, and to nucleic acids,
nucleotides, and their derivatives.

The occurrence of glycogen in fish mus-
cles was investigated first by Dill (1921),
and subsequently in more detail by MacLeod
and Simpson (1927). Since those early
studies, there have been further investiga-
tions concerning glycogen in fish muscles
and its post-mortem degradation, and these
have been reviewed by Tomlinson and Gei-
ger (1962) and by Partmann (1965).

There has been a tendency to assume that
glycogen content is considerably lower in
fish muscles than in mammalian muscles.
However, as Tomlinson and Geiger (1962)
have pointed out, many species of fish have
a muscle glycogen content which compares
favorably with that of warm-blooded mam-
mals. Since the procedures used to capture
fish almost invariably involve excessive
struggling, the glycogen content of the flesh
of marketed fish is usually very low. How-
ever, the products of post-mortem degrada-
tion of glycogen are present and undoubtedly
contribute to both the flavor and texture of
fish. Glycogen may be broken down post-
mortem by two routes, discussed below.

It has long been known that lactic acid
accumulates in muscle of living fish as a
result of exercise or struggling and may also
increase after death. Several investigators
have observed that there is not always a
parallel between glycogen disappearance and

Sugars in Fish Muscles— A Review

lactic acid formation. However, there is now
abundant evidence that lactic acid is formed
in fish muscles by the same sequence of en-
zymes that is operative in mammalian mus-
cles—the Emlixlen-Meyerhof (glycolytic)
pathway. On the other hand, glycogen is
also broken down by an amylolytic route
(Fig. 1).

MacLeod et al. (1963) identified many
of the enzymes of glycolysis, using tissue
homogenates of rainbow trout (Salmo gaird-
ncrii) or soluble extracts of these homoge-

Glycogen Maltose m Glucose
K
-UDP Glycogen Phosphorylase **
synthetase - Orthophosphate

UDP Glucose < t Glucose 1-phosphate
+

+ UTP .
Phosphate Phosphoglucomutase **
Glucose . Glucose 6-phosphate
*Hexokinase
(+ATP) ~ Phosphoglucoisomerase **

Fructose 6-phosphate
Phosphofructokinase *
Fructose 1,6-diphosphate
J" Aldolase **

Glycera'dehyde 3-
phosphate

——————————— 7 Dihydroxyacetone
Phosphotriose phosphate
isomerase

**Phospho-
glyceraldehyde™"
dehydrogenase

1,3-Diphosphoglyceric
acid

Phosphoglyceric acid kinase
3-Phosphoglyceric acid
~ Phosphoglyceromutase *
2-Phosphoglyceric acid
Enolases **
2-Phosphopyruvic acid
Pyruvic acid kinase*
. Pyruvic acid
Lactic dehydrogenase **

Lactic acid

* Crude extract
** Purified enzyme
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nates, Their findings (crted by Black et al.,
1961) were publrshed In 1963 They showed
that "the fol owrnrlr soluble enzymes were
present p osph og ucoisomera.se,” aldolase,
ﬂ ofructokinase, glyceraldehyde 3
ate dehydrogenase, enolase phiospho-
romutase Iactrc dehydrogenase, and py-
ruvrc kinase. ~ Several mvestrqators have
isolated  either crude or artra F>h punfred
plycolytrc enzymes from og
ase Was demonstrated In musce extracts of
drf erent fish by Cordrer and Cordier (1957)
g Ono ef al. and was slightly
urrr %(Na gaya a 1 613). Marfin and
arr 8191 carried out partral unfrcptron
of phosphoglucomutase and pnosph orlq uco-
Isomerase from lingcod muscle em oyrn%
severaI steps including chromatogra hy 0
cellulose.  Naga ama aso stu red

(pho%]ucomutase E 2
Iuc iIsomerase (1961¢) of Sea bas muscle
he fact that severaI phosphog ucomutase
enzeymes are present 1n fish muscles Is In |
cated by Roberts and Tsuyuki (1963).
multiplé nature of the enolase of muscle of
Scrlmo specres was demonstrated by Tsuyuki
and Wold (1964% and three djstinct crystal-
Ine enolase “isozymes” were later pre ared
from trout muscle by Cory an
E) 8 Lydovicy-Bungert (1961 Rre ared

-glyceraldehyde” 3-phosphate de ﬁe
nase ‘from carp muscle; the enzyme was fo-
mogeneous when examined by moving-boun-
dary electrophoresis and by the analytical
yltracentrifuge, Nagayama (196102 shiowed
that muscles of ?ea asé Rossess lactic dehy-
drogenase. Kaplan and his colleagues have
carned out extensive studies on triosephos-
phate deh droqenase %Allrson and Kaplan
1964) an@ on lactjc de ydror{enasesg |Ison
et al., 1964: Fonayl et al hibata
(1958) partially purified aIdoIase from carp
muscle.

The accumulation of lactic acid in fish
muscles after death is of considerable impor-
tance, technologically. Thus,. it s almost
certainly the principal factor in determining
post-mortem muscle acidity. While in live-
stock the post-mortem lacfic_acid, concentra-
tion may be controlled to a significant extent
by feeding. and by sIaudhtenng procedures,
this is obviously difficult or impossible with
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fish. Certain fish such as tuna (Tomlinson
and Geraer 1963) and halibut (Tomlinson
ct gl 1965) may’ exhibit high muscle lactic
acid concentratrons post mortem and corre-
sponding low pH values, while in AtIantrc
cod the IpH of the muscle magﬁbe as |g
Fraser et al.

been ornted out that low pH va ues tend
to rn |b|t bactenal sporlage of fish (Tarr
1949), and"it h|s Wt?”tknthn that

esium. ammoniym_phosphate (struvige
forﬁratron in canned frE Ecurs ore frg
uently If the muscle is above On
the other hand, low pH values ause muscIe
groterns to ag roach their isoelectric zones,

nd consequ they_ tend to lose their
water- hoIdrnq abrlrtl Thrs resu ts |n a ten-
dency to a Tloss. of free liguid (drip) on

thawrng frozen fish, and has been shown t0
be responsrble for the chalky condition that
gurte requelrétég occurs in halibut (Tomlin-
0N et al

Glucose occurs in qurte variable amounts
In fish muscles, Early work (Tarr, 1954
Indicated that it was probany absent from
fish (liquid’ nitrogen fro-

muscles of livin
ghnrofue used for Its” separa-

zen), but the te
tion was probabl Ulte as sensitive as
methods now avall nd very small con-
centratrons could have been nfissed. Burt
found about 210 220" pimoles of

Iucose Gper 100 g of musce In rested aquar-
|um cod, and as” much as 340/mo|es after
5 days at 0°. However, the fish ap Rarent}/
Wwere not frozen n Tiquid nitrogen w |Ie stifl
alive, and 1t 1s possible that some glucose
formed by post-mortem degradation of gly-
cogen. . Quite large amounts” of glucose were
found in" muscles” of “fresh™ fish of drfferen(s
post-mortem age, while others containe
ne Igrble amounts.  Thus, several fish ex-
a Inéd had between 100 and 400 /moles of
%ucose of muscle (Tarr,

ather small amounts of glucase were found
In muscles of lingcod and rainbow trout that
were held for one or several days at 0°C
after death (Tarr and Leroux, 1962).

Glucose 6- phosphate is hydrolyzed to glu-
cose only very_slowly in fish muscles after
death ang avarIabIe evidence |nd|cates that
glucose arises lar 8eyor entirely %/ groy
srs of glycogen. Ghanekar et ar. (1950) first
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suggested that glucose was formed in fish
muscles post-mortem by direct hydrolysis of
glycogen Andreev (1 552 found that the
mylase responsible for hydrolysis could hest
be ‘prepared by autolysis' of fqround muscle
under. toluene “ang that unau onzed muscle
exhrbrted |nsr%vrfrcant hydrol ytrc activity,
The enzyme Was active” In the absence of
orthophos hate, and it was obtained from
muscles of several species of fish.
Durrng studies of sugars and subgar
phates it fish muscles,”Jones (1960), Burt
and Jones (1961), and Tarr an eroux
3 observed “maltose and dextrins In
addrtr nto glucose, Thus the Iatter rnvestr
%Iators 0 served that radioactiv }/Teog
nen intro uced |nto round Ish
pOSt-mortem tyre Jed ra loactive gucose
maltose (identified onIy by it & 1, valile) and
what was resumah ydextrrn(51 Andreev
(1962) prepared a “dialyzed extract of fish
musclé similar to that used durrn? his, work
with amvlase. The extract h drolyzed maI
tose as determined }r ep)pearance of
reducing sugars, and nheated exiracts were
inactive. Tfie maltase enzyme appeared 1o
be less stable than the amylase, and was
widespread among drfferen fish secres
Srnce grind rn? d autolysis strmu lated
amyl ase activity 1t was su% gested that the
enzyme mr ht e present n"the particulate
fractron of musce extracts, Burt (1966
has studred some of the egcogenoIY IC en-
7y mes of cod muscle, and Concluded that the
am lolytic royte accounte for the greater

roportion_ of glyca radation” post-
ﬁtPem Thrsv”v gasohg bv oth eFr In-
vestigators garr 1965; Nagayama, 1

The “possible technological “significance of

P;uecrose in fish muscles will bé referred to
The presence of hexose and Bvento%

phate esters in fish muscles Irs
corded some sixteen years ag E)Tarr
19508). and several yedrs elapSed before
active " studies on" the”occurrence of these
compounds were resumed. The more recent
work has heen greatly facilitated b¥ better
methods of separation and identitication,
Burt and Jones (1961), using ion-exchange
chromatograph)( identified & number of
sugar phosphates in cod muscle including

phos-

phos
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plucose 1-phosphate, 1glucose 6-phosphate,
ructose 1- hosRhate ructose 6phosphate
fructose 1,6-diphosphate, ribose 1-phosphate;
and ribose” 5-phosphate.  They found that
the tofal concentration of hexose phosphates
was anout 220 f;moles per 100 8 In fresh-
trawled cod muscle, and about ouble this
value In rested cod muscle. These valyes
were of the same order as those recorded
for several specres of fish previously (Tarr,
950a eneral the amounts of hexose
posp ates ecreased post-mortem, thouh
he concentrations of the pentose %hos phates
Increased for several days ang su eciuen g/
decreased. Tarr and Lefoux (1962 tudrd
acrd soluble rphos phorous compoun s and
freg sugars in muscles of several fish specres
using. @ combination of _radioactive tracer
techigues and a sensitive jon-exchange
chromatographic method of separation.
Whereas Iprevrous rnvestr ators hag ap-
Earently elied entirely o lon-exchange
eparatron alone In id ntrfrcatron of sugar
E“OSE A ?‘é;”
atro #therr Irthrum (or harium) ¥at’ nd
paper chromatography of these wrth one or
more solvent systems; The resu (ss with ?]
mon- species, ¢od, .and halibut in rcatedt
extreme, quantifative variations can be ex-
gected In"the hexose phosphates. Glucose
phosphate usually predominated, and fruc-
tose 6-phosphate and fructose 1,6-diphos-
hate were present in Iower concentra ons
xamination of fructose 6-phos ate frac-
tions Indicated, that if fruct se, 1-phosphate
Were present, it accounted for lss tha 5%
of the total fructose monophosphate fractjon.
It was concluded that it was afmost certanly
absent from the fish muscle examined. Rij-
bose 5-phosphate was rarely found, and ri-
bose 1-phosphate did not dccur in any fish
muscle ‘studied. Since fish muscles usually
possess a fairly strong phosphoribomutase
enzyme which promoteS a_reaction which is
abqut 90-95% in. favor of rrbose - phosphate
It is not surprrsrng that riboge 1-phosphate
is rarely. found. Burt and Stroud §1966)
recently investigated the occurence of 3-phos-
phoglvceric acid, pyruvate, dihydroxyacetone
phosphate, and’ aqucerophosphate in_cod
muscle The technolgical' importance of the
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sugar phosphates in fish muscles will be con-
sidered later.

Work carried out some 16 r{ears ago with
a barium salt-alcohol fractionation procedyre
showed that muscles of several species of fish
examined contained adenine nucleotides In
concentrations rather similar to those occur-
ring In rat muscle. Subseguent research b
several Investigators showed that the AT
content of restéd fish muscles averacies about
500-800 mmoles per 100 g of muscle (Saito
et al, 1959 Jones and Murray, 1960 ; Fraser
et al, 1961 Tomlinson et al., . Ex-
ce‘ot in unusual crrcumstances ATP I rap
dly degraded pos}- mortem T% a_seres 0

enzyme reactrons Fig. 2 mrnson and
Gerger 1962; Jones an urra6y
Partmann, 1965: Kobayashi, 1966).

enzymes_responsible have been studre to
sonfe extent.. It appears that hydrol srs to
the stage of | mosme mono hospliate
IS quite” rapid, and that th com aratrve rate
of hydrolysis of IMP to mosrne IS, slower.
Thus, IMP tends to accumulate in fish mus-
Cles. The rnosrne that |s_formed is split by
one or hoth of two drfferent enzymes—a
nuc eosrde hﬁ/drolase Tarr, _1955) or a
nucleoside horylase (Tarr, 1958a%
The com aratrve actrvrtres of these two e
z mes st-mortem has never been accu-
asse%sed for ang/ fish muscIe The fact
tat ree ripose occurs much more frequently
and in much higher concentrations than does

ATP
ATPase *

AD

1 Myokinase *
AMP

’H_AMP deaminase **

IMP
| Phosphatase
Inosine

** Nucleoside
hydrolase

Nucleoside phosphorylase
+ orthophosphate

Ribose + hypoxanthine =f ribose 1-phosphate
y~phosphoribomutase

Ribulose 5-phosphate ribose 5-phosphate

phosphoriboisomerase

* Crude extract
** Purified enzyme

2. .En

Fi neern
dat%n of a eSS

0Sinetrip ospH

ostshoﬁ Ht degra-
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Pentose phosphate in fish muscles post-mor-
em, would. rndrcate that the hr{drolgtrc
mechanism_js much more  active.

tion to ATP and reIated nucIeotrdes frsh
muscles contain di- and triphosph gtyrr Ine
nucleotides. These occur In comparatively

smaII congentrations, however, and are rob-

% of little techn%IogrcaI srnnrfrcance in

omparison with_other” nucleotides. ~ Jones
an Murray (1960) found rather small con-
centrations”of a number of other nucleotides
In rested cod muscles. Thus, nicotinamide
adeninedinucleotjde and its. reduced form,
which oceur In frsh muscles in smaII concen-
tratrons Jones an urra?/ are en-
zymrca%/ degraded hy a Ogycohy fol ase en-
Zyme wi rch was first”studiéd In"some detail

carp liver (Raczynska-Bojanowska and
Gasrorowska 1963).

Fish_muscles also coptain ribonucleic acid
(RNA) (42-142 mrl;/mo g) and deoxyribo-
nucleic acrd n ver¥{ ow con entrations”(0.2-

5 mg/100 ibonucleic acid was pre-
Fared In comparatrvely ure form _from
ingcod muscle (Bluhm “and Tarr, 1957).

t one time the possibility that RNA and
ATP might both be precursors of free ribose
In_ fish muscles was ¢onsidered (Tarr

1958D), Indeed, Tomlinson prepared and
purified a nuclease enzyme from  lingcod
muscles that could hydrofyze RNA and cer-
tain srmgle ribg- and deoyribomononucleo-
fides (1958, 1959). Howéver, experiments
mdrcated that mdrgenous or added RNA was
of de qraded apr%recra Iy n lingcod muscle
heId omlinson an Creeman
1960). The possrbrlrty cannot e entrre
discounted t hat RNA is degraded
mortem to yield nucleotides an fre% ose
In ot er spécies of fish. |t is now Delieved
that te ee ribose In fish muscles. arises
ar1gey from post-mortem de gradatron of
Thus, when generally [abeled (14(3%
ATP was mtroduced into fish muscle, bot
radjoactive osinic acid and ribose’ were
Isolated after it was held 2 days at 0°C. Since
uniformly labeled glucose did not cause for-
mation of radioactive ribose 5-phosphate or
ribose_under such conditions, it was inferred
that ribose does not arise from glucose by
post-mortem operation of the heXosemond-
phosphate shunt pathway (Tarr and Leroux,
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1962g Very. smaII amounts of IMP and
r1b0se may arise th rough degradation of nico-
tinamide ‘adenine dindcleotide (Kassemsarn
et al, 1963]. The general course of ATP
breakdown n fish muscles post-mortem has
therefore been established, and many of the
enz mes concerned, identrfied, It was origi-

nally stated that inosine triphosphate and
Inosine diphosphate mi ht be intermedjates
In_formation of ribose and hypoxanthine from
ATP (Shewan and Jones; 1957), but this
has not been borne out by subsequént investi-
gations.

The technological sronrfrcance of sugars,
sugar_phosphatés, nucleotides, and thelr
degradation products will now e considered.
The literature concerning heir importance in
contributing to fish fles flavors will first be
discussed.

Jones (1961) has stated that “recent stud
Ies n our laboragory Indicate that much of
the sweetness of fresh fish flesh results from
the high initial concentrations of glucoge.”
He also stated that squtrons of the otassrum
salts of the sugar p osp hates common sy
eurring in fish ‘muscle were sweetrs at ?
In the” maximum _concentrations found
fresh or chilled fish, Unfortunately, these
appear {o be the only statements available
concernrng the effect of such compounds on
ish flavor, and more work on this general
aspect of fish fIavors IS desirable.

In contrast to the rather scanty rnforma
tion concerning the contribution”of sugars
and related cdpmpoun 5 t0 fish fl favor there is
@uech nToget I Ctg 8n tng en ect of nuc eotr) €s.

r f inosini In
enhancrﬁ eflavors of ffes tdoods rs now

nown grrncrpa }y as a result of Ja%
nese Investigations unrna a et ai, 1904
Wagner et al. e concentratrons
used are quite low (0.001-0,1%).. The b-hy-
droxv substifuted nudeotrdﬁs including
MP guan[y IC acid. and xanthylic acid pro-
duce’ & “meaty” flavor under appropriate
conditions. The correspondrng de xynucleo
tides are_also effectrve The varrous aﬁP
cationg of these nucleotides to fish products
and other foods have been reviewed (Shima-
zono] 1964). f I
_The tendency for IMP to accumulate
fish muscles sfortly arter deat?t has already
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heen pointed out and the whole subject has
been discussed I two arry/I recent f gers
%Jones 1963: Jones and urray 964
the compound rs thereafter yd olyzed 1o
rnosrne and orthophosphate, the very vari-
able rates of hydroly srs depending on the
fish species an hoIdrn conditions.  IMP
decreases slowly at —14°C, and quite rapidly

t higher temﬁeratures 't appears - that
really fresh fish contains more TIMP than
would normally be required to cause flavor
enhancement,_ and the slow conversion of
IMP to Inosine that occurs when fish flesh
Ii held is probably an important cause of
flavor loss.

[nosing, which arises from dephosphory
lation of IMP, 1s said fo be com aratrvey
fIavorIess but’ Sy|o]oxanthrne formed -
drolytic or orolytic splitting of ino-
sing; 1S bitt r and has been thought to be
res onsrble to a considerable exJent for the
bitterness that may arise in cod held for a
considerable time after death (Jones, 1963).
On the other hand, Hashimoto (196
stated that many Japanese Investigators su?

comparative
showed pzhat the

?est that ypoxant in
asteless. Jo 1965
flavor score In cod and several other fish
correlated quite well with the hypoxanthine
concentration.  Spinelli (1965), " concerned
about the possibility that hypoxanthine

mrght cause hitterness due 10 Its prob-
increase In stored radiation- Basteur
rzed fish, studied the relation netween
thrs urrne base and fish flavor. He found
t at y oxant rne rn a concentration of S.8
ftmole did not produce a_con-
srstently detectable chan%e In fIavor Jones
9%5) had found that much_lower concen-
tratrons correlated with undesirable fIavor rn
cod.. Spinelli also found that radiation
teurrzatron subsequent stora?e for 12 ays
at 32-35°F, and addition of hypoxanthine
did not produce a etectable change in flavor,
It was concluded that hlypoxanthrne does not
produce an aPprecra e flavor change in
chill-stored sole until the bacterial “count
exceeds one million per g. At present these
results are difficult to Teconcile, but they
may well be due to differences In the fis
that affect the “hypoxanthine flavor.” More
work 15 recuired in this area.
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The, increase in hyPoxanthrne concentra-
trons in muscle ofc |-stored fish has been
g%ested 8 an o ectrve measure of qualit

JONeS et al., Spinelli et al.,

In fact, an automatrc analytrcal method has
been described for this pufine, based on the
formation of uric acid b actron of xanthine
oxidase (Jones et al., 65% It s still too
early to predict whether this method will
Prove more useful than any other of the verP/
large number of objective tests for fish ua
Ity"that have been proposed from tim
time (Farber, 1965; Gould, 1965).

Su airs and sugar Phos hates are of con-
sideranle technological significance since they
enter into Maillard-type orowning reactions,
Studies carried out some 16 ears ao
showed that the brownrng that usua %/
curred on heating muscle of white-fléshed
fish 1 hour at 120°C, was largely eliminated
b}/ Ieachrng the flesh with water Addrtron

substances Rossessrnlg a free alde g
?roug (sugars, exose osphate, aldehydes,
tone, etc {0 Teached ' flesh which was
subsequentl heated caused browning Tarr
1950b). A drtron of bisulfite or hydrox
aming”strongly inhibited browning. Sube-
quent work” showed that free glicose and
ribose were found in fish muscles after death,
and that ribose was. about five times, as
effectrve as glucose Incausing browning.
There was a0 a roygh agreement between
the ribose content of “fish muscles and the
de ree of browning that occurred on heatrn%
rn% certain n onucleosides, ribonucle
tr es, RNA, and ribose 5-phosphate to fish
muscles and holding them several ag/s at
°C caused marked mcreases In post- m rtem
formation of ribose in the majority of cases.
The_enzymic Sequence Ieadrné to”formation
of ribose in_fish myscles has already heen
discussed. Jones (1954) observed that
browning reactions occurred in freeze-dried
extracts “of cod muscle, and later (1959)
studied both loss of free amino acids and
su%ars In aqueous extracts of the muscle,
When extracts were held three days at 40°
and 60% relative humidity, free anino acrds
decreased 40-60%, ribosé disappeared
glucose nearly disappeared. Jones (i962)
reviewed the' various browning reactions
that occur in dried fish products.” Certain of
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these do not involve sugars or_sugar phos-
phates but are due to e?radatron roducts
f lipids or changes in heterocyclic ring struc-
tures such as 1meth Ihrstrdrne

ayama ound no linear corre-
Iatrongbetween broanrn of heated ?rsh flesh
and ribose or ?Iucose content and believed
that concentrations of amino compounds
were important. However, he believed that
the hrowning was caused by Sugar-amino
reactions, He also found that the IeveI of
acld-soluble hexose decreased significantly
In browned flesh but not In unbrowned
\(([\alrlnga71 aamaand1?0tmar't\loaga agrér(a etf?)lund ?tht
irradiation of leached hsh f?esh to which
various sugars were added did not cause
an increase” I browning.

The very variable concentrations of hexose
phosp hateg/ in fisn f iesh have alyeady been
mentroned and therefore it s obviols that
the importance of these in causrng brownrng
reactrons will be drffrcult to forecast. Glucos
6posP ate supporte browning of leached
frs flesh tha was subsequentﬁ/ heated

Tarr, 1954), Ribose 5 ate was
shown to be a Irgle more reactrve than Iglu
cose rn causing_browning (von Tigerstrom

Tarr, 1965). Undoub edIy certarn of
t e hexose ghos&hat nrfr
cance In causin reactrons rn ated
or dehy drated ish ersh but entose phos-
hates usua ly occur In very w conc ntra
lons .and would_ therefore™ proabl
Ittle importance in this respect. Bur 1965
has indicated that a determination of the
fructose ghos hates. might give useful infor-
mation r ciar rnP ish quality.

Removal of free su ars from fish_ flesh
has heen found to be Quite effective in de-
creasrn% brownrn? ut no practical method

f rem va IS yel available. It was shown
that ad rtrono crude or purified fish muscle
nucleoside hydrolase to fish muscle which
was subsequently held several days at 0°C
caused marked increase in ribose, especially
In fish flesh that had_very lTow " concentra-
tions of this enzyme. The dddition of adeno-
sine also caused a marked increase in free
ribose. When free ribose was largely re-
moved from the muscle by incorporation of
washed cells of Lactobacillus pentoaceticus,
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heatrn no lon er caused sr nrfrcant brown-
arr and Bassett, . More re-
cently, a particulate enzyme prepared from
wastied cells of pseudomonas jragi. has been
found to remgve much of the ribose and
glucose from fish muscles, thereby decreas-
ing brownrno of the heated fish cansiderably
(Von Tigerstrom and Tarr,- 1965).

Though much work has been carried out
on freeze-dried fish, the product strII suffers
front two  major  defects—toughness and
tendency to drscoloratron durrngf storage A
study has recently been maeo the brown-
Ing of geze -0rigd sole and rTr dSTarr
and Gacld, 1965). No loss ofet er rinose
or glugose occurred during the freeze-ar |nrg
procedure. Browning occurred durrn to
age at 25, 33, and 37 and at 0, 5, an
rélative humidities, and was more raprd at
the higher temperatures. - Added ribose ac
celerated browning, and it was retar ed
when glucose and rrbose weye lar e%/
moved "0y treatment of the tlesh Wit the
%artrculate enzyme before freeze dryrn
torage under nrtro%en retarded develop-
ment o browpnin did not eliminate It,

d this frndrn mdrcates thatox|dation,
per aps_of lipids, may be responsible for
some of the brownrng It was observed
that many of the broyined samples became
s0 tough that they could not be Iended with
conventronal homogenrzers Only in frozen
samples stored at — C did no apprecrable
discoloration occur. . [t thus appears thaf pro-
duction of a satisfactory freeze-dried fish
will be very difficult.
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Enzymatic Reducing Pathways in Meat

SUMMARY

Methods for measuring reducing capacity of
meats are described. These include changes
in oxidation-reduction potentials of %round
meat and changes in oxygen tension of meat
slurries, as well as reduction of metmyoglobin.

Except for a small residual utilization of oxy-

gen in meat slurries (ascribed to nonenzymatic
oxidation), all reductive activity in meat can
he stopped by inhibitors of DPNH oxidation
via the electron transport chain. Added DPN
accelerates all reductive activity. Metmyoglobin
reduction does not occur until oxygen has
substantially disappeared from the meat.
Meat contains little or no succinate. Added

succinate greatly accelerates oxygen utilization,

but affects metmyoglobin reduction only indi-

rectly by establishing anaerobic conditions
more rapidly. It is concluded that both oxygen
utilization and metmyoglobin reduction in meat
are normally mediated through DPN.

INTRODUCTION

mined by the relative proportions and
bution Of the three meat pigments, pu Bl
reduced myoglobin (M), red” oxymyoglobin
2), and brown metmyoglabir M+g
he last Plgment IS particularly undesirabl
not only from the color standpoint, but also
because ferric hemes act as catalysts In the
oxidation of unsaturated IR/I
The proportion of M to M 02is influenced
by the activity of enzyme systems within the
meat, That meat is caﬁable of utiljzing oxy-
en Is evident from the simple observation

The color of fresh meat is largely deter-
distri-

at In oxygen-impermeable wrappings, sur-

face MO quickly dissociafes to M. Since
the oxy%en tension for half saturation of M

s 1t0°14 (George and Stratmann
1952) thlf coIor change ObVIO%t R/ denotes
a rapld utifizatjon by the meat of the oxygen

W|t |n the Packae

}/ 50 eomdue}d to M+rather than
ox genated to M02 The rate of autoxiga-
t|on IS dependent on oxygen tension and Is
hi ghest at half saturation
mann. 1952). However, meat enzymes can

reduce M+as well as oxygen (Stewart et al.

George and Strat-
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1965b), The accumulation of M+ in stored
meats Is the resultant of these op OSIH? fac-
tors (autoxidation and enzymatic reduction).
The purpose of this research is to explore
enzymatic pathways by which meat is able
0 reduce both oxy %en and M+ and the rela-
tion between ox%g n.and M+ reduction.

A review of the biochemistry of respira-
tory activity in the living muscle cells and
the changes known to occur after slaughter
(Bendall? 1962; Lawrie, 1962) leads to
some predlctlons concerning_probaple reduc-
t|ve at wa s.in meat. In"the living tissue,
tél erived from the reactions of the

rebs c cIe passes 0 the eIectron -transport
chain (ETC) either rywa y of DPN ‘and
Ifs assomated flavoprotein dehYdro enase

FD) or from succmate and the flavoprotein

(Green and

syccinic dehydrogenase (FS
Fleischer, 1962; Hatifi, 1

Upon slaughter oxygen Is.cut off from the
tissues, and d rapid anaerobic ﬁcol SIS en-
ses, I postngor Mmeat mostot g ycogen
has been converted to lactic acid, [Baving a
large pool of lactate. ATP and other high-
engrqy hosphates have disappeared.

On” the qther hand, many enzymes, in-
cluding lactic deh drogenase LD) and all
components of thé glycolytic pathway, suc-
cinic_dehydrogenase” and all components of
the ETC, remain potentially active in meats
even after extended refrigerator storage
(Andl’eWSetaI 1952 ; Bodwell et al., 1965).

oxygen becomeé available agaln ES
when meat 1S ground or cut surfdces are
exposed, the resumptlon of enzymic oxidase
activity would be expected provided suitable
hydrogen donars are present. Any succmate
gresen should be rany X|éi|zed by w
t mitochondrial succinic denydrogenase an
t e ET Th|s should result’in & utilization

Xr? but there is_no known pathway
for transter of electrons from succinate to M+

On the other hand, reduction of DPN+to
DPNH could lead to reduction of both M+

and Oq. There is an extensive literature,
not revie wedh on the redﬁtctlon of ferric
nemes by D In artificial systems, red
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cell preparations, etc., provided suitable in-
termediates are present. Although the
pyridine nucleotides cannot pass undamaged
mitochondrial membranes, there is good
evidence that DPNH, generated externally
in the cytoplasm, can be oxidized by way of
the mitochondrial ETC (Margreth and
Azzone, 1964 ; Cunningham, 1964).

While there are a number of enzyme-
substrate systems capable of reducing DPN
in living muscle, the activity of these systems
in postrigor meat is unexplored. In most
cases substrates would be lacking, even if the
enzymes are present. As mentioned above,
lactate is present in large amounts. Lactate
may be oxidized to pyruvate by the DPN-
linked enzyme LD

CHsCHOHCOOH + DPN+<>
CHgCOCOOH + DPNH + PL

The equilibrium of this reaction lies far to
the left, so that lactate oxidation would re-
quire effective removal of the pvruvate and
DPNH.

With the above background in mind, the
reductive pathways shown in Fig. 1 may be
advanced as a hypothetical scheme for the
reduction of oxygen and metmyoglobin in
meat.

To test this hypothetical scheme, we have
tried the effect of added DPN and succinate
and of known inhibitors on reducing activ-
ities in meat. Four inhibitors have proven
useful in this study. Oxalate acts as a com-
petitive inhibitor for lactate in the LD region
(Ottolenghi and Denstedt, 1958; Novoa
et a/., 1959), thus blocking the overall re-
action in position 1, provided lactate is the

SUBSTRATES) | NIMEDATE
W

MYOGLOBIN -------» FEICNIg3

\y CYT.B
Y ubiquinone —>CYTC->CYT.A-* 0o
/\ CYT. C,

bS

MITOCHONDRIAN

L eH[yp thetical. scheme of reduct;fve E th-

Fig..
lY&%.g e, ansporl e|9c'L%|%“%? A
(if ﬁﬁ S%{)Strate i laclic ‘act
myta |

Bés!a&)éﬁmyg?x and rotenone, and at position
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substrate. Ernster and Lee (1964) have
reviewed the literature on the other three
inhibitors. Amytal and rotenone both block
reduction of DPNH in the flavoprotein
region, position 2, but have no effect on
succinate oxidation. Antimycin A blocks
electron transport from DPNH or succinate
at position 3. Unfortunately, inhibitors in
the cytochrome A region are compounds
such as cyanide, azide, etc., which combine
with heme iron and therefore react with M
or M+as well as with cytochrome A. Since
they interfere with determination of M+ re-
duction, they were not used in this work.

METHODS _
Preparation of meat. Meat was obtained from
local packing houses. Both pork hams and heef
(eye of round) were used. The preslaughter his-
tory of the animals was not known. All ‘meat was
trimmed of external fat_and ground twice just
before each experiment. The ground meat for any
one experiment was mixed thofoughly, and weighed
portions were treated with addifives as described
under each experiment. Three Kinds of tests, de-
scribed below, were used to measure the reductive
capacity of the controls and treated samples.
M+reducm([1 actlwtg was_measured s described
by Stewart cf ai. (1965b). The method consists of
first oxidizing all of the M to M" in ground meat
by the addition of a slight excess of 'Kj,Fe(CN)r.
and then following the reduction of the M+ during
a 150-90-min period by reflectance spectropho-
tometry (Stewart ct ai, 1965a). o
The addition of any oxidizing agent lias obvious
drawhacks in a study of enzymatic reducing activ-
ity. The oxidizing “agent ma&/ itself be Teduced
enzymatically. Ferricyanide is known to be reduced
by electrons, which “may come off the ETC at
various _points, but mainly at the cytochrome ¢
level (Eastbrook, 1961?]. MaFos_ &1 64) investi-
gated a number of metnemoglobin- ormm? a?ent_s
and concluded that nitrite was preferable 1o ferri-
cyanide because it did not oxidize su_IthyerlI groups
N the protein or cause denaturation. However,
nitrite. may be reduced, at least under anaerobic
conditions,” by reduced cytochrome ¢ and cyto-
chrome oxidase (Walters ‘and Taylor, 1965). ~ .
In view of these uncertainties, and of its use in
meat_curing, nitrite was used as the metmyoglobin-
forming agent in some of the experimental” work.
Preliminafy work established that .006% NOT
was sufficient to oxidize completely the M in_most
samples of meat. Oxidation was less rapid b
nifrite than by ferricyanide; the meat had to_be
stirred longer”to obtdin complete oxidation. The
standard procedure was to add 1 ml of freshly pre-
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stuﬁf;giné' h/}féfr%dﬁgilﬁgoa\c/ |'vi’t\lyoo Teal oxicant fo

pared XaXO= solution (0.3%NQ2) to 50 g meat,
stir for 12]A min, and then begm_readlngs on the
Spectronic™ 505 af 15 min (designated as zero
time in the reduction data). The enzymatic reduc-
tion of  occurred more’ slowly when N2 was
used as the oxidizing agent than”when ferricyanide
was used, and reduction with NOy was generally
linear with time, whereas sigmoid curves with vari-
able lag periods were obtaned with ferricyanide
|

Fig. 2).

_( T(f]]e pigment obtaingd upon reduction of M+
in the présence of NQy was nitric oxide myo-
globin. This, pigment, like reduced myoglobin, was
isoshestic with AN at 525 nig, but the wavelength
of greatest difference between the nitric oxide
p|qmen_t and M+ was at 550-553 mg. The M+
determination was therefore modified ffom the pro-
cedure described by Stewart ct al. (1965a) by

substituting the ratio ==z for the ratio

.............. to determine M+ in mixtures of
v 25,usedode e ures 0

M and Mb  The average ratio was 0.88 for com-
pletely oxidized sampleS, and 137 for completely
reduced samples, A linear relation was assumed
between these limiting values and the percent of
the total pigment present as M+

Oxidation-reduction potentials. In some of the
earlier experiments, before suitable methods for
measuring oxygen tension had been developed
changes in oxidation-reduction potential of ?round
meat were used as supplementary evidence for re-
ducm% capacity of the meat. The ground meat was
brought fo room femperature as in the spectro-
photometric analysis and stirred for 3/5 min. Test
substances were”then added and mixed 7> min,
The meat was packed tightly into.a 50-ml beaker,
electrodes were inserted, and readings, were begun
In another \y2 min (designated zero" time).

857

The Beckman zeromatic pH meter, model 9600,
was used for the measurements, A platinum elec-
trode, No. 39276 was used in combination with the
calomel reference electrode, No. 39170. Readings
were usually taken at intervals over a period of

min.

The pattern of potential change was different for
each lot of ground meat, but fhe pattern was re-
producible when different portions of the same lot
of meat were similarly treated. Also when the
same sample of meat was removed from the beaker
and restirred with air, the potential returned to its
original high value and a second potential curve
usually duplicated the first. _
The droP in P_otenﬂal does not, of course, (%Jve
specific information _ either on oxygen utilization
or M+ reduction: it is affected b%/t_ € concentration
of many metabolite pairs and their associated en-
zymes (Wurmser and Banerjee, 1964). However,
under the conditions of these experiments, where
the initial values are under aerobic conditions, and
the packed meat utilizes the oxygen. present, rate
of fall in oxidation-reduction potentials of differ-
ent samples of meat seemed to correlate reasonabl
well with enzymatic reduction by way of the ETC.
The fall in _B_otenUaI could be completely blocked
by ETC inhibitors. _

“Oxygen consumption. Chang{es in 0xygen ten-
sion were measured with a %)0 arographic ox%/Pe_n
analyzer, Beckman model 777, In Order to obfain
meanmgful measurements with this instrument_ it
IS necéssary to work with meat slurries which
can be adequately stirred during the test period.
The foIIowmgi technique was found to Yleld slurries
which generally maintained a linear rate of oxygen
consuniption for at least a 10-min Inenod. N

A 50-g portion of ground meat plus any additives
under investigation “and sufficient 0.25M sucrose
solution to ((]nve a total liguid volume of 100 ml is
homogenized in a 500-ml" Virtis flask for 2 min
at a rheostat setting of 40. The meat and all
solutions are cold, and the blending is done in an
ice bath. The cold homogenate Is run throu&h a
large strainer or a doublé’ layer of cheesecloth o
remove strands of connective tissue, and brought
uickly to 25°C. A 50-ml Erlenmeyer flask with
eflon-covered magnet is filled with the homoge-
nate and placed on an ashestos-covered foam pad
on a magnetic stirrer. The sensor of the oxygen
analyzer 'is then placed in the flask (it fits snugly
In thie neck), and the recording is begun. The enfire
preparation time, up to the beginning of the record-
Ing, 15 8 min. Deviations in preparation time,
failure to keep the homogenate cold during blend-
|nﬁ, or omission of the Sucrose (used to” protect
cell structures from osmotic damage) result in
poor reproducibility and, decreases In ‘the rate of
0Xygen consumption during the test period.
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_Usually the slope of the change in oxygen ten-
sion. (POi) was measured from 2 to 5 min. At
5 mina test substance would be added to the flask
and the new slope measured from 7 to 8 min. Al
slopes are expressed as_drop in oxygen tension, in
mm Hg per minute. Changes in 0xygen tension
could not be translated Rreusel _into moles of
oxyﬂen consumed, since the solubility of oxygen
in"the slurries at any particular oxy(T;_en tension is
not known, However, accepting the Tigure of oxy-
gen. solubility of 84 ppm O« in pure water
egumbrlum with water-saturated air at 25°C and
760 mm Hg (160 mm Hg PO2) and correcting
this for the” decreased solubility of oxygen in the
sugar solutions used (92% of the water valug) gives
a Value of 7.7 Rpm 0= at 160 mm Hg PO=.
fall of 1 mm in the oxygen tension meastired is thus
ver rou%w e()uwalen to a loss of ,048 pom QU
or f0 15 X 10" /;moles of QUper g of slurry. ~
Addition of inhibitors. Tentative concentrations
of each inhibitor necessary to give maximum inhi-
bition were obtained from several sources In the
literature and are shown in the results. Except
with _potassium oxalate, concentrations of each
inhibitor higher than those shown were also tried
in samples of meat where 100% inhibition had not
been obtained. Doubling the concentration gave no
additional inhibition. The oxalate was added in
phosphate buffer of the same pH as the meat sam-
ple, and the same amount of buffer was used in the
control. The amount of amytal needed for 50 8
meat was dissolved in 1 ml propg_lene g(ljyc_ol, an
rotenone and antimycin A were dissolved in 1 ml
ethanol, before addition to the meat. Since both
ropylene glycol and ethanol increased the reduc-
ive capau?y_ of the meat, It was necessary to use
controls havm? the same amount of solvent.
‘With all ot the poisons used, the inhibition
disappeared after some time (usually 15 to 50 min).
This "is apparently due to a loss of the Inhibitor
itself rather than to the establishment of alterna-
tive reductive pathways, since addition of further
Inhibitor when reduction had begun resulted, again,
in complete inhibition. g
Anagrobic experiments. To test the ability of
the meat to reduce M* in the absence of oxygen,
tvlvo glfferent experimental techniques were™ ‘em-
oyed :
p_ rocedure for ground meat Fifty-gram por-
Hons (8;2 tr;? 1r‘&und hme)at /-\\NeEe place (1'2 )S(arﬁﬂ
bags (6X2.X 1144 inches). A glass cu .
Inches) with lid was alsg placegd In tchg bag. Nitro-
gen inlet and outlet tubes and the sensor of the
oxyt%en analyzer were inserted through the opening
in"the ar% and held in place with™ rubber bands
and a clamp. : . iy
One minute of nitrogen, qushlnq_ was  sufficient
to bring the oxygen tension practically to zero.

ENZYMATIC REDUCING PATHWAYS IN MEAT

The meat was mixed for a 3-min period, by exter-
nal manipulation of the bag, to remove entrapped
oxygen from the meat. The oxidizing agents and
test”substances were injected into the meat mass
through the Saran bag. “Mixing of meat and addi-
tives, “under nitrogen, was continued for another
3.min. Finally, while still in the baﬁ and under
nitrogen, the meat was packed into the gtl)ass cup
and ‘covered. After removal from the hag, the
cup was sealed with masking tape around the sides
and the meat plqments a_nalglze by spectrophotom-
etry as previously described. The first curve was
o altned 44 min after addition of the oxidizing
agent.

Procedure for meat slurries. Slurries were pre-
pared as Preylously described. After blending, the
oxidant, ferricyanide or nitrite, was added. After
filtering through cheesecloth the slurry was brought
to 25°C (L-1)4 min) and transferred to a special
cell (see Fig. 3% designed to allow simultaneous
measurements of P02 and M+ reduction while
flushing with Na. A Teflon-covered stirring magnet
Z12 om long was placed in the flask, and ‘the Cali-
brated_ox _?en sensor_ was inserted and Secured
with Paratilm. The flask was placed on a mag-
netic stirrer covered with asbestos screen and a
getrl-dlsh top fo catch the overflow of slurry.

IurrY was added through arm B to fill the cell
completely, _and the arm was sealed off with
Parafilm.”_ The magnetic stirrer was set at a
speed of 7. and therecorder of the analyzer was
started. The total preparation time from begin-
ning of blending to the time the recorder was

Fig. 3. Seci}al!y designed .cell for si uIHanetous
Megsurements. or oxygen tension and M* Teduction
In”meat slurries.
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turned on was 10 min. The spectral analyms Was
carried out as with the ground meat sample

RESULTS

Role of DPN. Evidence for the important
role of DPN in the reductive activity of
meat was obtained both from the use of
inhibitors and also from the addition of
DPN. Figs. 4, 5, and 6 show data obtained
on the same sample of meat with the three
tests described. In this experiment, nitrite
was used as the oxidizing agent for the pig-
ment studies, but no oxidizing agent was
used in the potential or oxygen tension mea-
surements. It will be seen that amytal
blocked completely both M+ reduction and
also the drop in the oxidation-reduction
potential. Oxygen consumption in the meat
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slurries was inhibited only partially. It was
found in all.inhibitor experiments with the
oxygen analyzer that a residual oxidation of
about 2 to 5 mm Hg P02 per minute re-
mained even when, as in this experiment, all
pigment oxidation and potential change had
been stopped in the ground meat. It is
probable that this activity represents other
oxidations stimulated by the homogenization.
This could include nonenzvmatic reactions
such as heme-catalyzed lipid oxidations. In
fact, oxygen consumption of this order of
magnitude is observed in slurries from cooked
beef.

Table 1 shows the results of five additional
experiments with amytal, and one with re-
tenone. Inhibition is generally quite high,
approaching 100% with most samples of
meat. In Expt. 2, where the inhibition was
somewhat less, no more inhibition was ob-
tained even with five times the amount of
amytal shown. It is believed that traces of
succinate account for the residual oxidation.
Malonate, a specific inhibitor for succinate
oxidation, was not used in this sample of
meat, but was found to give slight, variable
inhibition with several samples of meat.

The addition of DPN to meat resulted in
increased reductive activity. This is shown
in the typical experiment illustrated in Figs.
4, 5, and 6. In eight additional experiments,
rate of M+ reduction was increased 23 to
51% over that of the control. The DPN
present in meat at slaughter is progressively
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Table L Effect of ETC poisons on reducing activity of pork.
M* reduction Potential changes

hibi Oxidiz- Time of ntroI Inhibi- . Control  Inhibi-
Enxop.t Indld |(tjor age%t %cltnron reduced g?@ (Tnlrrpn% §rn0\5)) (@“
b Amytal, 200 mg% Ferri K| 66 3 100

mytal, mg. el 78 84
Amytal, 200 mg/, F 2 | 105 )
3 Amytal, 200 mg// Ferri N 8 96 0 116 &8
Roténone, 6 mg’/ Ferri 2 10 0 s 8

4 Amytal, 200 mg% NOT 40 29 100
5 Amytal, 200 mg% NO»- kil 94 30 90 100
6  Antimycin A 6mg//  Ferri 10 7 % 0 6 92
2 32 90 20 110 70

destroyed bv the action of several enzymes
which” are brought into contact with” the
nucleotrde upon maceratron of the tissue,
These enzvme systems have heen reviewed
by Severin ct al, (1963). The loss of re-
ducin actrvrt when ground meat IS refrig-
erate noted yStew rtctal (19 65b) mﬁ
eascrlrbed to osstot bM t fdb
original reducing activity can be restore

theg addition otg DPX yat the end of the/

storage_ period.

The | entrt?/ of the substr te or substrates
(Fig. 1) which supply hydrogen to. DPN+
IS ot clear a[ this time.” The addition of
Potassrum oxalate, competitive innibitor for
actate in_the IT) reaction, gave variable

—
D

results with drfferent samples”of meat, At
an oxalate level of 0.5 Per 100 g meat, the
%eneral pattern seemed to be an” injfial in-
ibition “of reductrve activity, by all three
tests for te first 10-20 This was
followed by a marked ac gleratron 50 tha(s
at 45 mrnt e oxalate-treated samples sh OWF
reater AL reduction than the contro
arger concentrations, up to . 1%, genera K
Incréased the time of rnhrbrtron athoge
this varied with the samge of meat. Furt
work on the addition of DPN-linked sub-
strates to meat will be reported later.
Intermediates between DPNET and AL are
also unknown at this time. DT diaphorase
(also known_as menadione reductase) IS a
cytoplasmic_flavoenzyme which catalyzes the
reduction of various quinones, which In turn
reduce ferric_heme " compounds  (Ernster
ct a. 192; Conover and” Ernster, 1
However dicoumarol, a specific infibitor
for this enzyme, did not. inhibit M+reductron
In meat at a concentration of 6 mgY%.
Relation between M reduction”and oxy-

en u tilization. The fact that inhibitors of
ETC also inhibit AL reduction does not
mean that M IS being reduced by way of
the ETC. Rather, it Inglicates that oxygen
must be substantially _eliminated before AL
reduction begins. This is Indjcated by the
fact that all s%ectro hotometric curves ob-
tained dunng the requction of AL show qnly
mixtures of ‘AL and Al, without any AICL
where ferricyanide was used as the oxidant
Apparently, " hydrogen or electrons from
DPNH réact preferentially with oxygen as
long as any oxygen remains.
IS 1S shown"in Table 2. containing re-
sults of an experiment in which simultarieous

reJucqlgnzofEr]nfeetCrny(ggWHerr]ntErenglt?rr}(rjestx o

0
Sample Emrn% mmog red/(t)rc’\{litrn
Control 0 544 0
10 320 0
2 0 10
30 0 26
DPX b 0 65.6
10 96 0
20 0 35
30 0 56
Control 4-XX0 0 0
10 0 1
20 0 14
30 0 25
ppx +NA 0
10 0 26
2 0 46
30 0 73
o cont 2 icotinamide, 3
0 0
g9 EN contarned m a/m(igging ? l + 40 mg%

XXbubeed through at zero time.
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02 tension and M+reduction measurements
wetre carrted ou[t) Brt]\l melat slttrrles with and
without a or this, experimen
\t/hgs spematj ? lask described earher p(Flg ZS
The addttton of DPN to ground meat
oxidized with fTrrtcvantde under anaerobtc
conditions (Table 3) usually resulted In a
very raptd reduction of M+ with no Iag
period. [n fact, much reduction takes plac
durmlg the mixing period,. before_the  first
spectiophotometric Curve is obtained. On
the other hand, when meat Is not deaerated
before the addition of DPN, there Is nor-
mally a lag period before’ Ve reduction
begins. Oxygen and any excess ferricvanide
or nthte are presumabl betnﬁ reduced dur-
mg the lag period. Fig. 7 shows a typical
set of data’ on meat containing, DPN Under
anaerobtc Versus aerobic conditions.
xly%en utilization Is much more rapid in
the presence of succinate.. Most of the sam-
ples of meat tested contained no more than
a trace of succinate, as shown Kte fact
that malonate ?ave very sltgiht inhibition_ of
reducmg activity.  The “addition of 100-200
m? sucCinate per. 100 g meat increased the
rate of oxygen ut|I|zat|on In meat slurries to
3-9 ttme hat of the control. Thus, al-
though there is no direct pathway from
succinate to M+ the rapid establishment of

AUl o e et anedeDE Soaons.

Metmyoglobin (% of total pigment)

Experiment (min)____ Control  (+ DPN, 40 mg% )
0 100 %
10 9 ol
20 % 2
k) IS 8
40 65 0
0 100 5
10 % 10
20 82 0
68 0
9 100
10 9 %
2 % 68
k) R
40 86 4
5 il 5
60 n 0
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anaerobic _conditions in  succinate-treated
samPIes effectlveI?(/I shortened or eliminated
the lag period in M+reduction.
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SUMMARY

Extension of storage life of unripe and ma-
ture Alphonso mangoes could be achieved at
an optimum dose of 25 krads when irradiated
under air, nitrogen, or carbon dioxide. Nitro-
gen atmosphere during irradiation is of some
advantage in minimizing changes in organo-
leptic quality, ascorbic acid, and carotenoids,
and at the same time allowing the least spoilage
of fruit. Judging from skin color and fruit
firmness, a six-day delay in ripening could be
expected in fruits irradiated with 25 krads
under nitrogen or air. Radiation effect on fruit
skin is more prominent in terms of inhibition
in chlorophyll disappearance and carotenoid
formation than in ripening changes in the meat
of the fruit.

INTRODUCTION

_ TransPort of perishables in tro g
lons. contributes O,,hlgh losses, except under
refrigerated conditiofis, which are’ seldom
used”In most developing countries, Ripening
therefore takes place fapidly and unpevenly
during transit, with attendant s,oftenlnq and
rotting of the tissues. lrradiation could be
of help in delaying ripening, as has been
shown' recently_In @ number of reports for
other frugs. Thus, Maxie et al El%Gr)
observed delay in ripening of Bartlett pears
at doses of Uglzamma rays "of 300 krads and
hlgher. Retardation 1 red color develqp-
mént of tomatges was, found to increase with
Increasing radiation dose 6A del-Kadar and
Morris, ), 100 or 200 krad treatment
having very little effect, and 500 krad show-
mg} arked effect. CooPer and . Salunkhe
(L 6_3g found a delay In the rlpenmg
cherries irradiated at “300 krads.  Papdyas
smcted to 2007100 krads rlﬁened more
slowly than _unirradiated _control fruits
ﬁMame ang Stallman, 1963), with no off-
avor development up'to a 300-krad doge;
_In contrast to the general effect of delayed
ripenin _b&lrradlatl n, Maxje et al. (19 5%
Ifound uicker degreening in Irradiated gree
emons.

pical reg-
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Irradiation of Mangoes.

Radiation-induced Delay in Ripening of Alphonso Mangoes

Thig communication details work on the
extension of storage life of Alphonso mim-
goes by defay inripening, Data are also
included on the effeCts of"irradiation under
various gaseous atmospheres.

MATERIALS AND METHODS

Alphonso_ mangoes (Mangifera indica L.), picked
on the previous day and tricked from growing re-
?IOHS within 250 miles from Bombay, Were bought
rom the market, selection belnlg restricted to ma-
ture unripe fruits, uniformly ofive green in color.

Irradiation_ was dong on the same day in a
gamma cell 220 (Atomic Ener?y of Canada Ltd.,
2,500 curies) at a dose rate of 25 krads per min-
ute. The irradiation chamber, 6 x 8 inches In size
showed axial respective dose-rate variations _of
48, 160, and 143 Mrads/hr in the bottom, mid-
dle, and upper 25-inch regions. For this reason,
three mangoes, stacked oneach other in a heaker,
were irradiated with rotation of their positions
every one-third of the irradiation time. This pro-
cedure ensured uniformity of dose to_all fruits, the
total radiation doses administered being 12, 25, 50
75, 100, and 200 krads. For each treatment, 2430
fruits were used in replicates of 4-5 on each of two
independent trials.

Irradiation under different atmospheres. Man-
goes were kept flushed under an  atmosphere of
nitrogen. or carbon dioxide in a desiccator for 3 hr
to equilibrate with the respective gas; the¥ Were
then transferred quickly to 250-gauge polyethylene
bags and heat-sealed, “with, thé appropriate” gas
bemg simultaneously blown in and exhausted from
the Dags, this operdtion taking only a few seconds,
The hags were carefully examined for leaks, and
only the p_roper% sealed”ones were used for irradi-
aion studies. The bags were cut open after irra-
diation, and the fruits were studied for storage be-
havior in ordinary atmosphere.

Analyses. Used for analysis was the putp 0b-
tained by blendm% the edible portion from three
mangoes” from each lot. _

Total carotenoids. 1he total carotenoids were
extracted by blending fruit wlp,_ methanol, and pe-
troleum ether ﬁl:l: ) in a Waring_blender; wash-
mt{;_ the ethereal layer, after separation by centrifu-
gation, with water’; and reading the optical density
at 440 m)x in a Beckman Spectronic 20 after making
up to a known volume.
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Ascorbic acid. ASCOrDIC acid was, estimated b
2:6 ﬁjrchlorophenol indophenol titration (AOAC,

Total and reducing sugars. TNESE Were esti-
mated by the Lane and Igynon method (AOAC,

1960
Sta)rch Starch was determrned after removal
f the. sugars from the pulp by 95% aco ol for

r

5N hydrochloric acrd and subsequent analysrs for

tal stgars by the Lane and Eynon methad,

Organoleptic evalyation. A panel of six ]Udges
scored, on a nine-point hedonic scale, from 1 ex-
treme dislike, to 9 extreme Irkrn? Color, flavor
texture, and taste of the control and irradiated
fruits were evaluated. The final rating was ob-
tained by averagrng out the markings, “with nine
as the highest.

Fruit pressure. Fruit Pressure Was ascertained
g 2 BaIIauf pressure-tester (Joslrb/n and Heid,
16% y noting the pressure n [b to push the
Pene rometer rod 1 cm through the skin of the
ruit into the fruit flesh.

skin color. SKin color was_scored for colors
like green and orange by plus signs (+), between
one and four, depending upon the” ntensity of color.
For example, green ++++} stood “for com-
pletely green sKin, and green (-1-) for light green
covering part of the fru,

0
% hr in a Soxhlet apparaus, gy hydrolysis  with
fot

RESULTS AND DISCUSSION

Initial experiments were carried out to
ascertarn the optimum radiation dose re-
urre to dela genrngnofthe fruit, Mature
orve 9reen Alphonso mangoes were there-
fore ifradiated by drfferent doses, vis. 12, 25,
15, 10_0, and 2 rads one dozen
man 0es heing taken f or e(ac treatmentt and
control” unirradiated lot rults
were stored at room temperatyre (25-30°C)
for a perrod of 20 days to study the npenrng
process the parameters of which are qree

?Ior and fruit Rressur The. percenta es
frujts  ripeni eterr ratrng
respectrvely depicted r S.

may be séen thaf, in the control batch all
the frurts have rrﬁ]en% in 10 days' séoraqe
time, wh ereas n atches Irradiated with
12, 25,5 an 75 kragls, the respective times
taken for all the_fruits to_ripen 15 13, 16,
15 and 15 days F|% 1), Differences n rate
of ripening afe, more or less srmrlar throuh
out the experrmg tal perro for exam

the time require 50% of the fruit to
ripen IS res ectrvely8 11%, 12%, 14 and

IRRADIATION OF MANGOES—I

100 o —-CONTROL
© i X-=12 KRAD
Z gof A-25 KRAD
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15 days for radiation doses of 0, 12, 75, 50
and 25 krads, The data also show, that, at
25 krads, there I1s maximum_delay in ripen-

ing, 12 krads as well as 50 and 75 krads
showing earlier ripening, which may be due
to activation or distortion, of the respiratory
enzyme system or fo differences in deqree
of ethylere production. Fig. 2 shows that
higher” irradiation_doses gaue (eterioration
In~fruit quality, 25 krads being optrmum
since 1t causes least spotlage during the 20-
day storage period. "There IS progressive
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deterioration with increase in radiation dose,
as evidenced by more spotting and, with
fruits jrradiated to 200" krads, complete
blackenrn%
There are reports porntm% to a Iessenrng
of damage by Irradiation under a nitroge
atmosphére (Tappel et al. 1955; Hollaender
et al, 1951: Maxie ¢f al., 1966; Martin and
Trchenor 1962).  Thus, radjation-induced
browning in orange juice during storage at
room te perature™could be congiderably re-
duced b rrradratron under a nitrogen dtmo-
sphere (Dharkar, 1964).

It was therefore of Interest to carry out
irradiation under gaseous, atmospheres” such
8 nitrogen anét carbon djoxide and éo com-
pare with Irradiation under air. Reductjon
If any, In damage in the former case can best
be seen by using radiation doses not tolerated
by the mdngoes under usual air. As qbserved
earlier, 200 krads causes blackening and
spoilage n mangoes (Frg Ze)' Green” man-
?oes dozen edch, weré thérefore exposed

krad under air or nrtrogen atmo-

sphere, as_ detailed under mat rraIs and

tods Frutt color and r1ua rtg/ fol owrn%
rradiation were considerably bétter in th

Iatter case than In the former Thus, a

otoqrap of typical fruits ’giFrg 32 taken

after 10 days of Irradiation showed that the

control unrrradrated fruit (marked 1) was

rp ean Ke low, while that Trradiated under
ed 3) turned completely black;

arr mar

N

1
g {ar B i trmtaaa
r gl
oran e Vellow. Eruq rrrag aqE qnder nr?doe
en.in” col ira |rg‘e]d

UB [ air, has turrr]rgdmnllgek H is” complete
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AY S

enrn of mangoes, , uni rad
rtrogg an car on oxr

ch
ated un
un er arr nrt en or

oes unrrra@ ea
roont te rature

g %¢ I[ de?a in rpenin pe In
5 afar e
the nrtro%en -irradiated one ( marked 2} Was
still green i color and ap (53 rentﬁ] unaf ected
It/the massive radratron ose. The inside of
the fruit irradiated under air showed
blackening, a white fibrous texture, and large
?as fissures, whereas the unirradiated, con-
rol had oran?e color with tne taste of ripe
frujt and the Truit irradiated under nitrogen
had a normal appearance with the taste” of
unripe mango.

It seemed Irkelg that, even with the
optimum radiation dose of 25 krads, pitrogen
%mos here may exert a benefrcrﬁl effect. |
the. next series of experiments, therefore, 15
fruits each were irradjated by 25 krads under
air, nitrogen, or carpon dioxide. Data re-
Iatrn% to rrpenrng and ph sroIoErca spoilage
are respectively representéd in Figs. 4 and ™.

100 o—CONTROL
[ X—AIR
280 e—N;
g - A—CO,
& 60
2 6 o 4 ‘
5, Spojlage of. mgrArYBes unirr drat and
0
oqt[ed LPn ergl varrous g%a]sos a %
ades 0 ”l< &S spoifin af r ra ratrord
er(] af S une n an
loxide ar cted trséen rrrad
unernt nsowsmrnr um- spoilage.
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Ripening was delayed by. irradiation, and the
number “of fruits rrg ing with_ time_ was
nearly the same with the various atmospheres
for rrradiation Frg 4). However, there
was a marked differ8nce ‘in the rate af which
the fruits senesced irradiation under nrtro
%en atmosphere causing minimum spojlage
urrng storage at room temperature (FIg.
arbon ~ dioxide freatment. was_ al0
srghtly better than air-rradiation. ~ Thus,
as com ared to Sp ?r agne gf 100% on the 15th
ay for th econtro sa es spoilage was ©
4" and 42% for air- car on-dioxide-, and
nrtrogen -rradiated samples, respectively, 22
a)és ater storage at' room "tempe ature

Unrrr rated controI man oes and fruits
rrradrat hy 25 krads unde various atmo-
h) eres wee evaluated or anolegtrcally on
e 12th agr of storage and scored Individu-

%/for color, flavor, Texture, an taste The
average results o 5rn ePen dent etermrna

tions by a_ panel rained Iu ges . are
shown in Fig. ©. TotaI acceptabr ity "ratings
ar A TASTE
TEXTURE
8l EZ FLAVOUR
COLOUR

o
T

W
T

Fy
T

w
T
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n

pewey
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dd ; Orgranolep
wfdhs E:a(:e P drgandd
W B
et hﬂtgrbgwenrrsgnﬁr el
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IRRADIATED
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for the different treatments varied from 6.1-
and the devratrons of scores by Individual

{u ges from the average were small. Al-
holigh the drfferences In total scorrng or rn
the Scores or tevarrous attributes, singly,
were generally sma between treatments
the were consistentl Oy 50 wrth the different
es and on varre lots of mangoes sam-
pIe on different days.

Total acce tabrlrty rating was hrgher for
nitrogen-irradiated mangogs than_for other
treatments nrtro%en -iradiated, 7: control.
6.25. : air-irradiated, 6.75; and carbon diox-
Ide-imadiated, 6.12). An analysis of the
scores for the varigus attributes also showed
that nrtrogen -irradiated mangoes rated high-
est f?r cofor and. taste and had a hrgh ratrng
or flavor. Irradiation under nrtrog n woul
therefore appear to diminish radialign dam-
a%e since there rs leqst sporlage of fryits, or

change n 0 rgano leptic qualities. Irradiation
under carbon gioxide, although effective in
mrnrmrzrng spoilage somewhat results in low
acceptability ‘rating on storage. The lower
rating for ‘the control fruits™is due to éh
fact at th e test was done on the 12th
of sor%e which time the fruits In that
grou hécome overripe.

1 shows changes during stora%e in
total carotenords and” ascorbic “acid. In the
varrously treated frurts Ascorbic _acid
values are rg er for nitrogen-irradiated
Mangoes than or other treatments and com-
pare wrt those for controls. Since carote-
noid deveIoRment 15 associated with rrpenrng
the de ay ripening due to irradiation ?
reflected” In the lower values for tota
carotenoids., However, it is rnterestrng 10
note their increased formation in fruits ir-
radiated with nrtrogen especially during the
[atter Perrod of storage.

Tab e 2 shows changes in acrdrtr}/ total and
red ucrng sugars, and ‘starch durng rrRenrng
of control and irradiated mangoes. The de
|ayed reduction in acr%rty undeér Jhe stress. of
Irfadiation 15 as may De expected. Reducing
gg]ars are more In"the. Irradiated mangoes

h some deIa is ohserved In tofal
sygar formation and starch disappearance.
The differences between the varioys treat-
menta are_small, however, especially after

8 days of storage,

Table 3 shows fruit pressure and skin
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color during rrpenrng under varjous condi-
tions. The "changes seen In both. these at-
tributes would tié up with the definite delay
In ripening due to irradiation, with fryit
Pressure and qreen color bernrq reater_for
reated fruits than for %ontro ruits.  The
effect of irradiation on fruit texture would
be of advantage under present handling and
transport practices,

The fore?orng data show tha irradiation
under aifferent gaseous atmospheres delays
the ripening of man%oes From the chan ei
In vallies for ascorpiC, acid, carotenoids, t0
sugars, ang other fruit constituents, one may
de e a delay of about 2-3 dfalys, ‘3lthoug

rng rom skrn color and frut frrmness

lay of even six days can be reckoned;
Changes in skin color, however, are not
a parent % consistent and do not, at any

e, seem o correlate well with the sta%
o rr ening oft e. Irradiated man oes since
frurt at ea ting-rjpe stage still reen
sKin, thadrtatrlc%n efrect on fruit stllon seet s to
manifest _itself more promjnently in term
of rnhrbrtron n chIoropﬁ ?I drsapoe/arance and
carotenoid formation _than In the ripening
%hanges In the meat of the fruit. The hrghe
Uit pressure of irragiated mangoes T80
3), with green skin but ripe méat, also re-
flects on the hardness of the skin. It will be
of rnterest to ascertain the effect of irradja-
tion on the enzgme system responsible for
the breakdown f the ectins in the middle
lamella of the skin.

Production of ozone during irradiation is
now well reco%nrzed t mﬁ e exPecte
that such a reaction, inside the fruit tissues,
by irradiation of the oxygen present there,
will ‘have a harmful effect on t tissue
ceIIs (Kertesz and Parsons, 1963; Shah and

Maxie, 966) Replacement 0 rntraceIIuIar

?/%en by 5ome other gas could thu%

Pul In‘reducing ra rat ndamage Of the

frerent gaseous atmos heres teg d_for ir-
radratron carbon dioxide %howfe minimum

0ro ISappearance, but, from organo-
fe trcpdalrtr pEporlage data, and chgnges
In ascorbrc acrd and “carotenoids, nitrogen

869

atmosphere would seem of definite advantage
In mini mrzrn% the 1ll effects of radiation, wi h
delay in ripening.
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Irradiation of Mangoes.

Il. Radiation Effects on Skin-coated Alphonso Mangoes

SUMMARY

The respiratory patterns of skin-coated and
uncoated Alphonso mangoes, either unirradi-
ated or irradiated under gaseous atmospheres
like air, nitrogen, or carbon dioxide, were
studied. The skins were coated with an emul-
sion made of an acetylated monoglyceride prep-
aration. Skin-coated fruits show physiological
damage presumably due to too much inhibi-
tion of respiration. This defect is rectified by
a spurt in respiratory activity when fruits are
irradiated in air or nitrogen. Irradiation in
carbon dioxide, which also retards respiration,
shows physiological damage which is reversible,
the recovery of organoleptic qualities being
possible to some extent. Suppression of res-
Biration begond an optimum level seems to
e responsible for irreversible damage to the
fruit. ~ Organoleptic evaluation, analysis for
fruit constituents, skin color, and pressure tests
showed that storage life of the fruit can be
increased by combining skin-coating with irra-
diation under either air or nitrogen.

INTRODUCTION

The storage life of fruits has been extended
R){radlatlon (Cooper and Salunkhe, 1903 ;
axie et al., '1966), cold storage (Porritt,
1964) gas storage (Workman, 1963 ; Edney,
1964), - and coat_ln? the skin with variou
rotective materials (Trout et al, 1953;
arasingh ¢f al, 196 L) A previous, com-
munication. (Dharkar ct al., 1966) showe
that radiation, preferably In_ nitrogen, could
be employed to delay thie ripening of man-
0es. Rddiation treatment, combined with
as or cold storage or with skln-_coatm?, can
T(_expected to add to the shelf |Iff of fruits,
N m-coatmg does not entail bI? layouts, a5
in cold- 0 gas-stora%e Instalfations, with
their capital ‘and reclirring expenses, and
therefore should. be easier” and more eco-
nomical fo use_in combination with radja-
tion. Skin-coating has, been tried alone for
shelf-life exten5|8n of mangoes (Subrah-

manyam et al., 1 3

.The data presenteq here relate to the com-
bined effects_of radiation and skl_n,-coatmg
on storage life, organoleptic qualities, an

870

control of reseratlon In Alphonso. mangogs.
It is shown that, unlike sKin-coating Which
causes delayed _rlpenlng with loss. of flavor
and taste, combined usé of irradiation under
alr or mtro_gnen results in additive delay in
ripening, with retention of organoleptic attri-
butes in the fruit,

MATERIALS AND METHODS

_Unripe Alphonso mangoes, olive-green in color,
Egcked on the previous day and trucked either from
atnagiri or from Balsad; both within 250 miles, of
Bombay, were bOU_([]ht from the market, care heing
taken to select fruits of uniform maturity.

Skin-coating. 1ne skin-coating emulsion for
these studies was prepared from a commercial
preparation of distilled acetylated monoglycerlde,
‘Myvacet," type 7.00 (Distillation Products; Indus-
trieS, Rochester, N.Y., U.S.A), 32 ¢; oleic acid,
2 (; triethanolamine, 25 g and_ligtor ammonia
4 ¢ The constiuents were emulsified with 450 il
water in a Waring blender at 70°C.. This gave an
approximately 6% “emulsion. The fruits were dipped
in"this emulsion and dried under a fan before use
for irradiation studies. _
irradiation, Irradiation was done as described
in the preceding paper (Dharkar et at, 1966). on
the second day™ of picking and immediately after
skin-coating. Each time, a“control batch was'irradi-
ated without skin-coating. All irradiation was at
the optimum dose of 25 krads. _

Respiration. Respiration was studied at a con-
stant temperature of 24°C bK absorption of the
carbon dioxide evolved by the fruits during an
hour each day in a closéd system, in a kiown
quantity of standard baryta solution kept in a Pet-
tenkaufifer tube, carbon-dioxide-free fresh air being
made available to the fruits contmuousI}/ bK means
of an aspirator. In any one experiment, the same
fruit was used for this puri)ose each day. Carbon
dioxide evolved was calculated after titration of
excess haryta with standard HCL solution and ex-
pressed as'mg CO./kg fruit/hr,

Irradiation under different gaseous atmospheres,
organoleptic tests, analyses for fruit constituents,
and fryi Sressure determinations have all been de-
scribed (Dharkar ct al., 1966).

All results represent the averages of at least
three to four independent experiments, and the dif-
ferences reported upon were' consistent throughout.
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RESULTS AND DISCUSSION

Typical respiration rates under dtfferent
con itions of Irradiation are shown in F 93
14, The uncoated umrradtated contfol
mangoes reached a climacteric peak (80 m

/hr) in nine days (Fig. 1), startin

from 15 m COo on thé day of s oraPe an
with the rate rtsmg steeply with ripening
from 7th da dy In cOntrast o this, the skin-
coated fruits’did not show anh/ rise In fespira-
tion above 5 md /nrfor the first
three ~days, on he 5t y reach mg the
Initial respjration rate of 15
utnc%ated frutt. Ttherea ter, tere gtWas
steady jncrease up to on he
after)(/vhtch therepwasas decline. H
coating results in definite decrease of respira-
tion over that of controls, throughout.

Respiration rates of mangoes iradiated
under air and nttro?en are Shown in Figs.
2 and 3, respectively. There was a sharp
rise In_ respiratjon Tate immediately. after
Irradiation, reachtng a maximum of 70 mg
CQo 24 hr_affer radiation treatment, after
which respiration was reduced on the 2nd
and 3rd days. In mangoes irradjated under
nitrogen the reduction In respiration rate
was much sharper and lower. However, the
climacteric peak was reached on the 9th ‘day,

8of e-NOT COATED
o0-SKIN COATED
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o o] o
T T T T M T T
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b
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as with the controls, although some fluctua-
tions were seen In the irragliated mangoes.
The skin-coated manqoes also sh wed rise
in respiration after rradtatton ut to a
much._smaller extent % and 37 m %
for nitrogen ang air, respectively) than the
uncoated; the climacteric Beak betn? also on
the same day as for the uncoated fruits.
gatten of respiration with mangoes
irradiated under carbon dioxide was différent
In that not much rise in respiration was seen
|mmed|atel¥] after irradiation (Fig. 4
uncoated owm rse up to 30°m
as compared to 15 mg for the sktn coated
ruits. At the climactéric peak, which was
aﬁout the same day as with other treatments,
e respiration was no more than 50 m o
uncoated), compared to 60 mg fo
|rrad|a jon under’ air of nttrogen
Fig. 5 shows organole tic r tmIgS after 20
days stora e at room temperature of skin-
Co te mangaoes irradiated (25 krads) under
difrerent gseous atmosE eres.  The un-
irradiated Control and th%e Irradiated under
air, |trogen and carbon dioxide, have
respective total ratings of 29, 7.5, 7.5, and
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P OXIde reduces or anolep IC qualities to some

irradiated ones under air or nitrogen hlghl
acceptable, and the carbon-dioxide-irradiate
frmﬁ Intermediate.  The fontrols geveloped
off-lavor ang -taste right from the beginnin
of Ahe exPerlment whereas those |rrad|at
}m er carbon dioxide i r1pronounc

lavor and taste in the be | nmq of the ex
periment but decreasing durlng storage, with
2 COormes ondlnﬁ mcrease In accgg ability.
Skin-coated marigoes irradiated under air or
nitrogen did not develop any off-flavor
throu?hout the experiment, and” were quite
acceptable. It seems therefore that physio-
Ioglcal degradation_in skin-coated control
mangoes can be offset by irradiation under
elther air_ or nitrogen.

Immediately aftér |rrad|at|on under air or
nitrogen, a réspiratory peak of 35 mg COj
was reached, whereas' the control~ skin-
coated mangoes. did not show respiration
ahove 5 mg” COj for the first three days,
after which the Tate reached 15 mg COq
on the 5Sth day; fruits irradiated “under

S8 unaccep?at?ln'
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carbon dioxide also digd not show_high res-
piration for the first five days, after”which
It Increased (qus 14)1 O%anoleptlc
chandes closely” followed this trefd in re-
Blra ory pattém. Mangoes which had an
a erage respiration less™than optimum: for
the first five davs, showed degradation in
o 0 Tt TR s Rl
|
mﬁuencgd b¥ ?nhlbltlon gof resplraPlon In th}e,
beginning of the storage period, this latter
Is Offset by irradiation; with correspondin
Im rovem%n in taste and flavor, Tr?ut ct
(1953) also found that an off-flavor
waxed” apples s rnroduced by anaerobic
res Iration, resultlg from low internal
}/%en content caused by the, skin- coatlng
and Kare| ( 1963) also found anaer

|c resplratlon In a gﬁes stored In an atmo-
sphere with less than 3.5% oxyden

Phy 5|olo ical Iosses in contro and skin-
coate ma %)es unngl days are shown

ntreate fryits Dad a loss of

125 W ile skin- coaéed fruits, with and
wnhout Irradiation, had respective logses of
8% and 7.8%. Losses dug to transpiration
and respiration are minimized by skin-
coating and irradiation, with consequent
Increase in storage life.

Table 1 shows the effect of irradiation
under different gasefous atmosnh res on the
proces

npenln[g kin-coated  mangoes.
Control” fryits did pot show npenln(h; gven
on. the 15th day of storage,_as defi

skin color taste, and fIavor "There was aso
of-flavor ‘development in the pulp. through
out the. experiment. Mangoes |rrad|a ed
under mtroe{;en and air, on the other hand
ripened well by the 15th day, and had good
taste and flavor even on the 20th ay.
Fruits irradiated under carbon dioxide be-
haved similarly to the controls, Hut %helr
flavor and faste improved consi era Iy rom
15th to 20th days of storage, toug te
rating . obtained ‘was not & % as for
fruits irradiated in either air or nitrogen.
Table 2 shows changes in acidity, sugars,
ang starch In skin-coated control and Ir-
radlated mangoes. There is good conformit
in the vaIues as reported in Tables 1 and
Acidity, total sugars, and starch in control
mangoes show ~that ripening does not

AND SREEN1VASAN 873
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IRRADIATED

% LOSS IN WEIGHT

Lt 1 a1 2 1 3 1 3 1

12 14

in skin-coat d man-
1on, ¢ nlnare 0 con

DAYS

Fig. 6, Physiological losses
sgw1 oryw1 dhfnradss e[

out either treatmen 0SSes
wfe h o contro noesr sult h igher rates
&na ion an

a on than in 08
ede either smc or skin- coae(Pg 8
rrad

pro?ress satisfactorily even on the 20th da
aorae The changhes for f[]uns irradiate
under &Ir or nitrogen, on the other an
show ripenin from the 15th day onward
With u coatet man§oes tchanges r|]n acl r|t
sugars, and starch point to ripeni UI
eg 9th and 10th days of stora (gD hark a
). Thus a comblna lon' of skip-
coatln% and’irradiation shows an increase In
storage Iife. It would seem that physiological
damage due fo supEressmn 0 esglra ory
enzymes caused by skin-coating can be ovef-
come by the spurf in respiratory activity re-
sultln? from radiation. It is of interest to
note that skin-coating helps keep the re-
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Table 2 h t tarch of ski irradiated in different
gL Y S gt s it e
Qt%g'g i wra%gmted Irra?;ted lrra:gé%ge% car rba n'a(}mX|de
0 Acidit " . ,
Red. sﬁgar 102 102 102 102
Total stgar 242 242 242 242
Starch 1376 1376 1376 1376
2 Acidit 36 28 32 32
Red. sﬁgar 115 14 132 139
Total sugar 2.28 424 61 528
Starch 1214 1181 9.84 1138
5 Acidity 28 20 20 37
Red. sugar 2.08 247 2.1 151
Total stigar 80 114 10% h8l
Starch — 365 543 6.64
8 Acidity 19 16 15 19
Red. sugar 267 2% 282 314
Total stigar 1Ly 114 150 15
Starch 485 — 33 34
2 Acidity 20 12 — 104
Red. sugar 334 417 2.9 397
Total stgar 127 153 1423 153
Starch 214 102 0.88 18
5 Acidity 12 06 05 08
Red. stgar 41 363 4.16 4.46
Total stigar 1415 1574 1477 143
Starch 213 092 0.66 0.59
2 Acidity 103 0.2 013 0.2
Red. sugar 416 254 259 36
Total stigar 1393 1477 133% 13 3
Starch 0.94 0.63 0.24

Skin-coated man oesPtreat d as srpown

the Tl enm
nire es, 1 rradl
art}/taa? ﬁadé%%e 4

|na 10n 0
an I on alone

spiratory activity of irradiated mangoes to
the optimum, reducing physiological losses
and increasing storage life.
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Autoxidation of Methyl
Systems. |

SUMMARY

Oxidation of methyl linoleate was studied in
a freeze-dried model system based on micro-
crystalline cellulose. Oxidation was followed
manometrically in samples adjusted to various
water activities ranging from approximately 0
to approximately 0.6.

Water was found (as determined from in-
duction period and rate data) to have an in-
hibitory effect on the oxidation reaction, vary-
ing with water activity up to values of 0.5.

Evaluation of the rate data indicates that
the inhibitorr1 effect of water is most pro-
nounced in the initial stages of oxidation, in-
cluding the period durin? which the hydroper-
oxide decomposition follows monomolecular
decomposition kinetics. Possible interpreta-
tions of the observed water effect and its sig-
nificance to the general problem of lipid oxi-
dation in dehydrated foods are discussed.

INTRODUCTION

One of the major problems in research on
dehydrated foods is the prevention of dele-
terious changes during storage. It is known
that many of these changes may be mini-
mized by maintaining the moisture content
at a very low level. Under these conditions,
however, other changes, particularly those
due to autoxidation of fat, are accelerated.

Removing water from a food by freeze-
dehydration results in a product that has a
porous, sponge-like matrix. The porosity
of the dehydrated food permits oxygen ready
access to the components of the food, thereby
facilitating oxidative changes. Of primary
importance is the autoxidation of lipids. The
changes in the properties and acceptability
of foods due to lipid oxidation are well
known. Water is known to retard lipid oxi-
dation in many dehydrated and low-moisture
food products (Stevens and Thompson,

o S SR R
nnesota.
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amoriage, Massac Usetts
in Freeze-Dried Model
Effect of Water on the

Autocatalyzed Oxidation

Linoleate

1948; Marshall et al., 1945; Martin, 1958;
Matz et al., 1955).

Several hypotheses have been advanced to
explain the protective effect of water in re-
tarding lipid oxidation. The most impor-
tant are:

1) That water has a protective effect due
to retardation of oxygen diffusion (Halton
and Fisher, 1937).

2) That water lowers the effectiveness of
metal catalysts such as copper and iron
(Uri, 1956).

3) That water is attached to sites on the
surface, thereby excluding oxygen from these
sites (Salwin, 1959).

4) That water promotes non-enzymatic
browning, and browning can result in the
formation of antioxidant compounds (Lea.
1958).

5) That water forms hydrogen bonds with
hydroperoxides and retards hydroperoxide
decomposition.

The effects of water observed in studies on
foods do not support any single hypothesis
covering its antioxidant activity. Since a
food is a heterogeneous system containing
both pro-oxidant and antioxidant substances,
interpretation is complicated. A model sys-
tem was devised, therefore, to study the
effect of water under more controlled con-
ditions. This model system was considerably
less complex than a dehydrated food, even
though it was not possible to eliminate all
trace contaminants.

MATERIALS AND METHODS

The major components used in the model system
were methyl linoleate (Chromatographic staridard,
Mann Research Laboratories'), - microcrystalline
cellulose (Avicel, American Viscose Company),
and water. _

M ethyl linoleate. Meth¥l linoJeate was further
urified by urea adduct Tormation in methanol,
ethyl linoleate was dissolved in methanol, and
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urea was added under constant stirring. The ratio
used was 1:4:6 lipid (g) :urea gg)_ : methanol (cc).
The resultant paste was placed in a_ refrigerator
for 2 hr to facilitate_adduct formation.
methanol was then filtered off and the adduct
washed with methanol saturated with urea (1 L
saturated MeOH per 10 g linoleate). The. wet
adduct was then allowed to”stand for an additional
2-lir period under refrigeration, and the washing
procedure was repeated. o

The linoleate was recovered by partitioning the
Product between water and benzene in a s_eﬁaratory
unnel, The benzene layer was washed el% t sepa-
rate times with 200 cc”fresh water per 10 g lino-
leate. After the third partitioning step, the benzene-
linoleate was washed with a” 0.IM citric acid
solution to chelate any heavy metals present.

The benzene was “then Ttemoved in a rotary
evaporator, and. the residue was subjected to high-
vacuum distillation. The center cut of the linoleate

bp 125-130°C, still-pot pressure not measured)
was collected for further preparation. Care was
exercised to avoid oxidation and/or contamination
during Punﬁcatlon.

Thin-layer chromatography and the measure-
ment of diene conjugation were used to check the
absence of peroxides and other contaminants. The
methods used were essentially those reported by
Privett and Blank (1962). Further evidence of
purity was obtained by gas chromatographic analg-
Sis of the ester after ‘purification to assure the a
sence of contamination by methyl esters other than
linoleate. A flame ionization gas chromatograph
was used, and the procedure was calibrated” with
standard mixtures of methyl esters of fafty acids,

Preparation of the model system. The model
system was_ prepared as follows : Methyl linoleate,
L0, was mixed with cellulose, 6 g, and 30 g water.
The resultant slurry was mixed for 10 niin in a
Servall Omni-mixer. The m|xm? CUp was equipped
with Teflon bearings to_prevent contamination by
|ubricant and was modified by attaching a Swage-
lock fitting to, the base of ‘the cup S0 that the
gel-like niaterial produced by mixing could be
extruded with a Teflon pI_un(IJ_er directly into
reaction flasks. Metal contamination, from the cup
was. minimized by a protective coating of silicone
(Siliclad, Will Scientific Company).” Following
extrusion of the paste into reaction flasks, the
flask contents were frozen in _|I(%UId nitrogen and
the samples freeze-dried at 100 gu or 48 hr.”Sample
size varied front 7 to 10 g wet material.

Control of water content.. _Aft_er samples Were
freeze-dried, they were humidified in vacuum desic-
cators. over salt solutions adjusted  to specific rvater
activities  (Rockland, 1960J. This was done by
evacuat_lng the desiccator and allowing the sample
to equilibrate for 2 hr. Control samples were
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maintained in the dry state but were treated in
the same manner and were held over magnesium
Berchlorat_e. After equilibration, the vacuim was
roken with air adjusted to the ProEer humidity
by passing throu?h numidification flas
salt solytions. AT this time, samples were remove
for moisture analysis based on the determination
of vapor Rressure of water over the samples (Stitt
195%_ The apparatus used is described by Karel
and Nickerson (1965). _

oxidation. The Warburg reaction flasks con-
taining the model systems were attached to War-
bu(rjg manometers, and, the oxidation was conducted
under air at 3/°C in a water bath. Standard
manometric procedures were followed for calibra-
tion of the ‘equipment and calculation of results
éUmbrelt et al. 1964). No carbon dioxide was
etected when the atmosphere over the reaction
mixture was checked for possible carbon dioxide
roduction using gas . chromatographic anaIY_sm.

0 eliminate the possibility of oxygen depletion,
the reaction flasks were flushed at stitable intervals
with air _havmg the desired relative humidity.

The initial degree of oxidation was determined
by extracting the freeze-dried material with metha-
nol and measuring the UV absorption at 233 mg.
Following the procedure of Privett and Blan
(1962) the UV absorption data were used to deter-
ming diene conjugation, which is known to give
Food correlation with the degree of oxidation of
Inoleate. The extraction procadure was previously
checked and found to be both efficient and mild
enough. that no oxidation takes place during the
extraction. _
CEvaluatjon of results. The jprogress of oxida-
tion was followed bﬁ manometric measurement of
oxygen absorbed. The resulting curves of oxygen
absorbed vs. time showed, inall cases, a Clirve
with the typical autocatalytic shape which results
from the Kinetics of a frée radical reaction (Bol-
land, 1949; Bateman, 1954). The progress of
oxidation is characterized by 3 distinct periods.

1) An initial inductjon dper_lod. _

2) A subsequent period during which the hydro-
peroxides that have been forméd decompose b>{ a
monomolecular reaction accurring autocatalytically,
or, & proposed by Uri (1961), Tatalyzed by trace
amounts of the "heavy-metal transition efements
such as cobalt, copper, and iron. _

A period durm? which the hydroperoxides
deco_mﬁose by a bimolecular reaction.” This occurs
at hig hg_droperomde congentrations, probably be-
cause of bimolecular association through hydroqen
bonding.  This association is_supported by the
spectrophotometric evigence of Bateman (1954)
for eth¥l linoleate and by Walling and Heaton
(1965) Tor t-butyl hydroperoxide. Semenov (1959
concluded on the basis of thermodynamic consid-

S contalnlng
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Initiation

ROOH [—:Yll RO + OH Monomolecular
or 2ROOH%/]|-L R -f RO»- + H»0 Ritnolecular
Pro&quratbq)r)l_k > RCL

RO»+ RH YP> R()OH + R-

Termination

RO»-----» non-radical end products
L%gend: _ _

ROOH  hydroperoxide concentration

free radical intermediates

trace metal concentration
substrate concentration

i

O» 0Xygen present as free oxygen

k, monomolecular Initiation Tate constant

k.. himolecular Initiation rate constant

E} propggat_lon rate constants
termination rate constant

Hy0 U-ater

R T

erations that hydrogen honding is_a probable step
in himolecular deComposition.  The  bimolecular
reactl?n can also occur n a metal-catalyzed process
(Ingold, 1962). _ _

e equations representing these reactions are
ﬁresef_nte_d_ in Fig. 1 for the Tase where oxygen is
ot limiting.

In order to discern on a molecular level the
—d[0»)  d[ROOH]
dt dt

-k
Km= 1ok v2

v _
T Ky V2
Integrating:

[2k 1"
k,'12 [M]V= [RH]
Set: y=[ROOH] a [0,]

OXIDATION OF METHYL LINOLEATE—I

mechanism by which water inhibits the autoxidation
reaction, the” data were treated kinetically. Fig. 2
re?resents the kinetics for the initial stage of the
catalyzed oxidation when monomolecular decompo-
sition predominates. In this case, the individual
rate constants kP kt, and ki, as well as the trace
metal concentration term (M) and the substrate
concentration term (RH), were combined to form
an overall monomolecular rate constant, Km. The
inclusion of the metal and substrate terms is based
on the assumption that catalyst inactivation and
substrate. depletion are negligible at this extent
of oxidation. In the case of autocatalytic oxidation
the metal term M is absent, but the rate follows
the same equation. Integration of the rate equation
shows that a plot of the square root of either the
oxyg{en absorbed or of the_hydrogeromde content
\s. Time gwes a straight liné. The slope of this
ling would be proportional to Kn. _
Since_the initial extent of oxidation varied and
the beginning of the monomolecular  period could
not be”meastred, a composite induction time was
measured from the q_raph of the square root of
oxygen absorbed vs. time. This was taken as the
time to reach 400 UL oxygen absorbed per g of
methyl linoleate or a level of oxidation of apProx_l-
mately 05% (5 mM of peroxide/M substrate) in
cases” where the initial extent of oxidation ‘was
very low. In other cases the time to reach 1%
oxidation was taken as the composite induction

time,

The. kinetics for the final period of oxidation,
the himolecular decomposition period, are sum-
marized in Fig. 3. In this case, since substrate
depletion becomes significant, it was corrected for
b¥{ multiplying the nitial substrate concentration
(RH0) by the fraction of unoxidized ester (1 —y)
to give the substrate concentration at any time.

kU2 [M]U2 [RH ] [ROOH 112

W2= [0]V2= [ROOH]12= -

Legend:

[0,1 = concentration of absorbed ogygen which has reacted
K., = overall monomolecular rate constant
2 Kinoetics f?rsthe initial stage of the catalyzed oxidation when monomolecular de-

compFo'gtion preqominates.
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Set :

(k)17

k12 [RH] [ROOHL

y= [ROOHj a [0,]

LRH] = [RH¢] [L—V]

o K U2 [RH,]

0k, 12

7=k () (1)

Integrating :
In T'—: Kb t

Legend ;
kb= overall

[RHo] = initial S%tl)rsnt(r)%%u

oncentration
ar rate constant

Fig. 3. Kinetics of the initial stage of the catalyzed oxidation when bimolecular decom-

Fig. 3
posmoﬂ predominates.

This method assumes that each mole of oxygen
absorbed forms a mole of hydroperoxide, which Is
reliable for this level of oxidation. Combining this
term (RHO with the individual rate conStants
?IVGS the overall bimolecular rate constant, « ».
ntegiratlon of the rate equation shows that a
semilog plot of y/I —y, the corrected oxygen
absorbed per moleof substrate left vs. time, should
give a straight line. The slope of this line is then
equal to «». This analysis can apply to either
catalyzed or autocatalytic autoxidation.

RESULTS AND DISCUSSION

The freeze-dried system, described above was
used to study the refardation effect of water on
the autoxidation of methyl linoleate. Oxygen ab-

0

601 Aw
A Dry 8

B 0185
504 C 0.601 A / \

D 0488

™~
40
n% C\‘
E’ 0.
b3

o
20 o R L ‘Tlo

Fig. 4 O
various relatlxvyeg umanslﬁ

sorption was measured at water activities of less
than 0.015 ;heremafter referred to as “dry”), 0,145,
0.185, 0.277, 0425, 0488 and 0.601. Al activities
were determined experimentally on duplicate sam-
Bles prepared from the same startmﬂ]_materlals.
uplicate determinations agreed to within £0.005.
The correspon_dlng5 moisture contents may be ob-
tained from F|?._ . .

The effect of increasing the water activity .on
the oxidation of methyl linoleate in the freeze-Oried
system s shown in F|%, 4 with curves representing
mean values of the absorbed. oxygi_en for_duplicate
reaction flasks, plotted against’ time. This plot
shows the early stage of Oxidation up to a value
of 45mil'/ of okygen per mole of linoleate, which
corresponds {0 a level of oxidation of 4-5%. It
can he seen that water effectively retards oxidation,
and that the extent of this retardation increases
with increasing activity. However, the effective-
nets_s 't'Of watel appears to level off at higher
activities.

Previously, the isotherm for the freeze-dried
system was' determined; and_the monolayer value
for water was calculated using_the B.ET, equa-
tion. The isotherm as shown™in Fig. 5 is of a
typical sigmoid type. The monolayer coverage
Was found™to occur at an activity of (.19 and at
a moisture content of 266 g of ‘water per 100 g
dry solids. The activity of 0.185 in Fig. 4 is close
to"that calculated for the monolayer, and shows a
considerable effect over the dry “samples.

The effects of water activities above and below
the monolayer are shown in Fig. 6. The_ curves in
Fig. 6_represent average values for duplicate sam-

Tre%tlon by model system Fles. The dry control “and water activity of 0.185,

he same curves shown in Fig. 4, are présented for
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Fig. 5. Water adsorption isotherms for Avicel and the model system

comparison. A decrease in activity from the. ai)-
proximate monolayer value of 0.185 to an activi Y
of 0.145 results I _a slight decrease in the effect.
At a value of Q.27 a Significant increase occurs
over the approximate monolayer value. _
_In the more advanced stage of linoleate oxida-
tion (above approximately 1% oxidation), the
Initiation of the chain reaction is due to himolecular
decomposition of hydroperoxides. . Kinetic plots for
the bimolecular period” of oxidation based on the
equations presented in Fig. 6 are shown in Fig. 7
The log of oxygen absorbed in moles of oxygen
Fer moleof linoléate (Iv/l —y? is plotted against
ime for the dry controls, a water ativity of 1.185,
and an activity of 0601 with duplicateS for each
activity plotted to show the variation occurring
betweén ‘identical samples. It is noted that the

0T o

20 " 40 & T 0 7 o T TLO

im

ol AN b ol sy

effect of water is to displace the lines, along the
time axis. The magnitude of this displacément
Increases with incredsing water activity, and the
slopes of these lines are proportional “to the bi-
molecular rate constant, x». Table 1 shows the
value of Kb for all activities studied. o

The lack of significant differences in Kn_ indi-
cates that water "has no significant effect in the
bimolecular period in the uncatalyzed model system
tested. The lack of a water effect in the himolecu-
lar_period indicates that the effect of water is
mainly in the initial sta?e of autoxidation, 1. up
to approximately 10mAf of oxygen, or the 1%
level” of oxidation. For this cas€ we have taken

Aw
A Dry

B 0.185
C 0601

Yoy . (MOymM LIN)X 10

1L laml S S S N
10 50 60 70 8C 90 100 110 120 130 140 150 160

Fig, 1. Kineti plof for the biomolecular rate
peric.



MALONEY. LABUZA, WALLACE, AND KAREL

Table ]f Fffect of humidification on bimolecular
rate constants.

Kb x 10
(hr-i)

Sample 2

69

Sample 1

()

S

o
S OCILOOIS IO
OCOWHLOWLWoo
[J6] %] [eolla)e ]

the time required to reach the 1% level of oxida-
tion as an index of the magnitude of the water
effect as shown in Table 2 All activities were
tested on duplicate samples, and the values for
the water activities of 0.145 and 0.277 are the same
for both duplicates.

The. time required to reach the 1% level of
oxidation increased with mc_reasm? aCtIV_I'[Y_. It is
apparent that there is considerable variation be-
tween duplicates and that the variation increases
with increasing activity.

To compare the differences between the, dry
controls and the humidified samPIes, the ratio of
time needed by the dry samples to reach 1% oxi-
datign, to the time required by the humidified to
reach 1% oxidation, has been calculated. Thus
values smaller than umgy indicate prolongation of
the. true induction period, a decreased raté of oxi-
dation in the earIY stage of oxidation, or hoth.
The results show fowering of the ratios with in-
creasmﬁ water activity, and, therefore, an inhibi-
tory effect increasing”with water activity.

TabI% %(%Ef{)extitdgtfiorwm|dlf|catlon on time required

to reac
(hey
i offin h
Dry 450 10
Dry 481
0.145 509 0.4
0.185 %3 0.80
0.185 103 0.66
0.211 118 0.60
0425 159 061
0425 84T 055
0.438 760 061
0.488 936 0.0
0.601 132 0.64
0.601 1032 045

1%d()—)(it(|jrg}?onrleqmred by “dry” samples to reach

f &itém?oﬂe.qu”ed by humidified samples to reach
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CONCLUSIONS

. Water has an antioxidant effect on methyl
linoleate in our mogdel system. The protec-
tive effect of water is opérative at an activity
below the calculated monolayer and increases
with mcre_asm% water activity up to a valug
of approximately 0.5, wherg aleveling-off
occyrs.  The inCreasing variability between
duplicates with mcreasm? activity  causes
this value to be somewnhat uncertain.

Only tentative interpretations of the ob-
served eftects can be advanced at this time,
However, hydrogen bonding. of hydroperox-
Ides with water, “with a res{lltant prevention
?fh droPeromde decomposltlon b% pimolecu-
ar feactlon, may be operative In this system.
As a result, the amount of hydroperoxide
available for Initiation would Te less than
that predicted from the total oxygen ab-
sorbed, since a fraction of the hydropéroxides
Is concentrated at a i |d-wa%er Interface.
The removal of a fraction of the h}/dro er-
oxides would be most effective in early st ges
of oxidation, which IS In agreement With our
experimental results, Work on this aspect
IS currently in progress.

The lack of an effect in the later stages of
oxidation (bimolecular phase), at least in
the. system used in the present study (in
which onl% frace metal contaminants” were
present), makes It probable thaf metal inacti-
vatjon 1s pot the ?nly, and probably not the
major, effect. AlSo; since there “were no
nrownin Q,recursors resent, 1t is evident
that promotion of bro m_ng1 Dy water Is not
necessary to retard autoxidation.
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Autoxidation of Methyl Linoleate in Freeze-Dried Model

SUMMARY

The oxidation of methyl linoleate catalyzed
by various salts of cobalt was studied In a
model system based on microerystalline cellu-
lose. The freeze-dried model system was ad-
justed to various water activities, and the effect
of water on the oxidation kinetics was deter-
mined using manometric measurements and
measurements of diene conjugation.

It was found that water had an inhibitory
effect on the metal-catalyzed oxidation of the
fatty ester, as well as on oxidation in the ab-
sence of added metals. The kinetics of the
reactions were evaluated in terms of the pre-
viously established hydroPeroxide decomposi-
tion mechanisms. The effect of water on the
metal-catalyzed oxidation was found to exist
in the monomolecular decomposition period
as well as in the more rapid phase of the re-
action, during which the hydroperoxide de-
composition is known to follow bimolecular
decomposition kinetics.

The inhibition of the reaction by water is
interpreted as due to deactivation of added, as
well ‘as of originally present, metal catalysts
br hydration of the coordination shells; and
also possibly as due to hydrogen bonding be-
tween hydroperoxides and water, and therefore
to interference with the normal bimolecular
decomposition reaction.

INTRODUCTION

_Part | of the present series (Malo_ne){_ et
aj, 19%6 r_eﬁrted studies of the oxida |&)n
of methyl linoleate |n a freer_-drled model
system_based on microcrystalline cellulose.
xidation was followed manometrically .in
samples adgusted to various water activities
Fggtgellngofé m approximately 0 to approxi-
V\l_eﬁer was found (as determined from in-
dyction period and rﬁte daaaa), t0 have an
Inhibitory effect on the. oxiddtion reaction.
The magnitude of this inhibitory effect was
found to”depend on water activity up to val-
ues of 0.5, L
Evaluation of the rate data indicated that
the inhibitory effect of water was most pro-
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Systems. Il. Effect of Water on
Cobalt-Catalyzed Oxidation

noupced jn the mhual stages of m%atlﬁn, in-
cluding the perio _d_urm%ww the hydro-
Bfromde decomposition follows mgnomolec-

ar decomposition kinetics, The effect could
be explained_ by hg/drogen bonding of hydro-
peroxides with' water. “The specific objéctive
o]tf thte ;]grese{]t stud){hwas tt(i tdeterrrtl_m_e% thef
effect of water on the catalytic activity o
salfs ofO cobalt added to the m)é)d_el S sten¥ as
well as to trace metals present In thie system
as contaminants.

MATERIALS AND METHODS

 Model system. T1he model system was described
in detail by Maloney et al, (1966).

Humidification. One half of each of the freeze-
dried samples was placed in a desiccator contammg
magnesium perchlorate; the other half was place
in a desiccator above a saturated salt solution of
known water activity. The desiccators were evacu-
ated, and the samplés equilibrated for 2-3 hr at the
%Nen_ relative humidity and then removed after
reaking . the vacuum with air at the proper rela-
tive humidity. _

0 xidation. OXygen absorption was measured at
37°C with. Warbarg manometers. The initial ex-
tent of oxidation was determined by measurement
of diene conjugation at 233 mix according to the
method of Privett and Blank (1962).

Metal catalysts. Cobalt stearate, acetate, and
nitrate (reagent-grade) were normally added in
aqueous _ solution “during the mmng Step in the
preparation of the systém. In one fest, the metal
salt was added in @ separate step by mixing it
Initially with the cellulose to form “a catalyst-
Impregnated support. This_was done b){ adding the
cobalt™salt In aqueous solution to the cellulose, mix-
mg_thoroughlr at high speed. and then_freeze-
drying the Celfulose to Temove the water. This Im-
pregnated cellulose was then used in making the
model system, the metal havmq been added m the
pr_oger concentration. This method was compared
with the other method described above. Studies of
water adsorption by the catalysts showed that, at
the humidities used, the salts ‘were completely hy-
drated. In the dry state, cobalt acetate has no watér
of hydration, and cobalt nitrate 3 moles of water
per mole of sait.

Metal analysis of model systems

FOr each
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model-system preparation, duplicate samples were
ashed at 450°C for 18-24 hr. The ash was dissolved
in dilute acid, and iron, copper, and cobalt analyses
were performed on the solution.

1) Iron analysis. The standard colorimetric ﬁro-
cedure of Sandell (1950) with 1-10-0-phenanthro-
line was used. The optical density for the ferrous
lon complex was measured at 510 mu on a Coleman
Jr. Spectrophotometer, which was also used for the
other metal tests. _

2)  Copper analysis. Copper was determined by
the modified Proce ure of Sanded (1950) usmgi the
ammonia buffer method with sodium diethyldithio-
carbamate as the colorimetric reagent. Thé optical
den5|t¥: was measured at 436 mg.

3) Cobalt analysis. The Nitioso-R-Salt method
Was used for cobalt analysis as described by Sanded
(1950) after tho_rou%1 gvaporation of the sample
t(g L{S(r)nove all acid. Optical density was measured
at 420 mu.

M etal analysis of lipid. A direct solvent colori-
metric_procedure was _eveIoFed_ for iron and copper
analysis of lipids, which eliminated the. need for
ashing and minimized losses. The details of the
method will be published elsewhere. Copper and
iron analyses were made on each hatch of lipid
before and after purification.

RESULTS

A number of pertinent experimental conditions,
referred to as run parameters, are shown in Table 1
These P_arameters allow' a comparison of the effects
of purirication for different runs. 1t is evident that
purification was effective in decreasing the initial
extent of oxidation and the metal content of the

inid.
pThe variation in the total metal content of the

OXIDATION OF METHYL LTNOLEATE—II

model system is also evident from the results of
metal arialyses (shown in Table 2). The analyses
were performed on the  Avicel® and on the miodel
system prepared from it; and the results are ex-
pressed ‘as the metal concentration hased on the
v_ve|?ht of |HJId in the model system (L:6 methyl
linoleate and cellulose). It can be seen that the
cellulose itself is not completely free of trace metals,
and that they are present in variable amounts. Ex-
traction of ‘the cellulose with solutions of either
concentrated hydrochloric, acid, water, acetone, or
EDTA showed that the iron Is firmly bound and
the copper is partlally_ free. The availability of the
cobalt was not determined. It can be seen also that,
In every case, the pre{)aratlon of the model system
increased the concentration of the trace metals.
This _increase occurred in spite of the rigorous
techniques used in the preparation procedure and
the glassware washm% process used to prevent con-
tamination. Lastly, Decause of the variability of
the trace metal concentration of each of the runs,
the absolute values of kinetic data between runs
could not be compared. Insofar as possible, each
run contained all the possible treatments for correct
interpretation of the results. _ o

Kinetic analysis of the results is explained in
detail in Part I"of this series (Maloney ctal., 1966).

The results of two oxidation experiments are pre-
sented in F|?_s. 1and 2. Oxygen absorption. as a
function of time for Run 5°is shown in F|%. L
Cobalt acetate was used as the catalyst at 20 gg
cobalt per gram of methyl linoleate.” The “wet
samples were humidified “above saturated sodium
nitrate and gave a relative humidity of 59% with a
mojsture content of 55 g water/100 g solids, which
Is.in the multilayer absorption regions as deter-
mined from the Sorption Isotherm™for the model
system (Maloney ct at. 1966).

Table 1 Run parameters

ﬁ%?&wg
of sample 1 Cobalt catalyst
Wy @ REia oMb Sl
2 08 013  Stearate
940  Stearate
3 04 048  Acetate
4 03 102 Acetate
5 09 %87 01 Acetate
6 0% 450 199  Nitrate
7 0% 294 199  Nitrate
9 050 446 1003 Nitrate
. . . Itrate
0 08 302 1055 Nitrat
et

rmined from isotherm.
eblﬁd om isothe

]

Oxidatjon Trace-metal apalysis

EXIEnt ¢ of find
%?)e%sgﬂk Iron inglg) " Copper 09/5)
Uggri- R Uggn- RS Ungte TR
1483 062 0 0
15 05 010 0 0 0
139 065 020 01
515 247 014 003
502 223 020 015 088 027
148 030 012 008 0 0
158 076 0 005
181 024 0 0 017 017



Table 2. Trace-metal content based on weight of added methyl linoleate.
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Qo) (i Qi
Run Avicel sl\)//lsqgﬁ% a Avtcel 's\ﬁllg 5 Avicel s%?edren
2 10.14 1351 158 8.19 <0.01 357
1098 2940 <0.01
3 126 179 360 1288 0.66 1097
4,08 4,08 150
4 0.60 840 0.9 4.13 138 5.60
210 162 108
5 0.72 301 nd. nd. nd. nd.
6 1992 2352 120 5% 0.60 18
2310 138
I 15% 1967 138 1A 0 213
8.64 240 114
9 360 399 <0.01 042 0 15
1% <0.01 0.78
10 280 2191 0.78 189 102 nd.
20.70 0.90 126

nd W R

[t can be seen that the

oxidizes much more rapidly

%Lem,

dr}/-catalyzed treatment
han the dry control,
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Run 7. in which cobalt nitrate was used at 20 _pg
cobalt/gram lipid. The samples were humidifie

as would he expected front the kinetics. The effect
of humidification can also be seen distinctly in
Fig. 1 With the humidified control treatment
(curves labeled 2), the initial portion of the curve
IS extended, showing a definite increase in the_in-
duction period over”that of the dry control. The
genod of rapid oxidation can be seen to begin about
0-30 hr later than, in the dr5{ treatments. "Humidi-
fied samples containing catalyst also show an in-
crease In induction period over that of the dry cata-
I?]/zed samples and oxidize somewhat more “slowly
than the dry control (uncatalyzed samples).

Fig. 2 shows the oxygen ‘absorption data for
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above Saturated magnesium chloride to 29% rela-
tive humidity. This gave a. moisture content of 3 g
water/100 ¢ solids, which is Just above that of the
monolayer “value of 2.68 g/100 g solids. As in
Fig. 1 the curves follow the typical autocatalytic
shape, a large difference existing between the dry
control and Catalyzed treatments. In this run, the
two methods of “catalyst addition were tested, as
represented by curves 3 and S for the dry treat-
ments. The difference between these treatments
was negligible, indicating that the method of addi-
tion dogs not affect the results.

The effect of humidification was similar to that
observed in Run 5 (FI?. 1). U_n_catalxzed samples
humidified to 29% rejative humidity showed an' in-
creased induction period and delays in reachlnP the
rapid phase of oxidation, The effect on catalyzed
samples contalnlnq cobalt nitrate was even more
pronounced than the effect on cobalt acetate ob-
served in Run S The humidification resulted in an
oxidation curve showing slower oxidation than
that of the uncatalyzed dry control.

DISCUSSION

Kinetic plots of the data as described in
Part | of this series &Mal_oney et al, 1966
were made for each duplicate sample in all
of the runs in order to determine P, the com-
posite induction time; K'm, the monomolecu -
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Fig. 2. Effect of humidity and metals on oxygen absorption by model system: Run 7.

lar rate constant; and ki, the bimolecular
rate constant. Fig. 3 represents some of
the data of Run 7 plotted in_this manner for
the monomolecular rate perjod. The reduc-
tion m slopes due to humidification is evident
from the figure. 1t can also be seen that the
dry catalyzed samples had the larger slog
and, therefore, the larger « ., as would be
ex ected from'the kinefics.. The Increases in
Induction times due to humidification are also
evident. Fig. 4 shows the data of Run
plotted for” the bimolecular  rate perlod
Agaln the slopes, of the humidified samples
are smaller: but the differences In slopes be-

conTROL °l  *2
20PPM Co &5 A€
IMPRG-20PPMCo 0 3 ® 4

U S R
20 30 40
TIME - HOURS

pe'r:fgd:a' Rmneac plot for the monomolecular rate

PR
10

HOURS

tween the treatn]ents are not as large as for
the monomolecular period.

In order to comEJare the data between sam-
Eles as well as be ween runs, the individual
metlc constants tor each run were compared
Wlt teaveraeva ues or th e|r respective
dry coptrol samples. Table 3 lists the aver-
age values of the rate constants for the dry

ORY  HUMID
CONTROL o *2
20PPMCo 4 3 44
IMPRG-20PPMCo 05 ® 6

Ll

| I |
40 50 60

Fig. 4_ Kinetic plot for the bimolecular rat
pe”lgd: .RunI[}IGIC piot 1or theé DImolecular rate
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Avr tic constants for dry con-
troT mode3I syst%rﬁg H?e ¢ constants for dry co

Km x 103 Khx102

2 219 3.28 5.2
3 37 191 8.06
4 268 710 949
5 12 173 113
6 975 19 9.36
[ 0.5 1081 848
9 2535 o4l 9.0

control treatments of each run. Table 4
shows the ratios of the kinetic values of each
treatment as compared to the dr control
The ratlos are presented In such a wa%

a value below 1.0 demonstrates an inhibitory
effect and one above 1.0 a catalytrc effect, as
compared with the dry contro )

In Table 4, the Tesults for the “dry-
catalyzed” samples indicate that in almost
every case the addition of cobalt shortens the
Induction time gtrme to reach 0.5% oxida-
tion). In addition there was an Increase in

Table 4. Comparison of Kinetic constants of the

Catalyzed dry

Km Kit
Cobalt

2 03pm 0B 09 14
08 7 17

94 ppm 0% 211 169

239 2% 17

3 9.48 ppm 280 211 182
200 23 143

266 18 123

4 102 ppm 23 076 04
268 094 041

5 20 ppm 908 146 133
50 W 16

6 20 ppm 12 200 1%
1% 211 15

720 ppm 2 1% 19
159 238 228

20 ppm 106 245 21
Impreg 164 2% 24

9 10 ppm 1 1%
5 20 12

10 ppm 0% 126 103

+ EDTA" 087 131 112

script
moles

1
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both the monomolecular and bimolecular rate
constants_due to an increase in the respective
rates of injtiation. This would be_expected
from the kinetics. With the humjdified cop-
trol freatments, which_have no added cobalt,
the induction time is increased significantly.
For this case the monomolecular rate con-
stant was reduced Iyamost one-halt with
respect to the control. The bimolecular rate
constant was reduced by 40%. With the cat-
alyzed humidified freatments, in most cases
the induction period was increased, while
there were significant reductions n K M and
A« |t is interesting to note that addrtron of
A, which has a strong metal-cnel atmq
ca acrhr %much more, fe ective In the we
st teah ci It also signi cantlr)]/ requced the
catalysis In‘the dry samples. The discrepan-
cles found for some of the catalyzed teat
ments can probab y eexp lained ycata st
Inactivation, ver r%/ occurring” early m
the oxidation frexa ple, in thé rate con-
stant ratros in Run g
To explain the observed effects of addition

model system with respect to the dry control.

Catalyzed humidified Control humidified

1/70 Km Kit 1/7't Km Kb
1/70,. K>'C Kb, 1/W Kme

213 08 08 0% 043 06
169 061 079 073 05 062
086 051 L2 0% 04 060
092 063 08 08 06 060
036 05 0% 02 038 08
038 046 09 039 05 102
048 063 0.9

0% 057 077

047 072 0% 048 0717 059
05 075 058 043 077 060
025 012 0%

025 046 057

TR Rofoggpe! motel e
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of water on the three kinetic values, a dual
mechanlsm was proposed and 1S shown In
% 5. The results indicate that there was a
substantial increase i the induction period
due to humidification. Also, It was suspected
that the change. from monomolecular o br-
molecular kinetics took place at a slightly
higher hydroperoxide concentration In" the
humidified samples than in the drY samples.
The model proposes that some of the hy dro
Peromdes roduced in the pro ?atton reac
lon f ;b are not available for chain
Initiation but rather are drawn to the water/
Igd Interface because of their amphipolar
ture There the% are held b the Wwater
t rough ¥ rogen bonding, wh |c causes a
owermg of the effective hydroperoxide con-
centration.  This process mcreases the time
required to reach the point of change-over
from monomolecular to"bimolecular Kinetics,
which In turp increases the measured com-
posite induction period. That this was the
case can be seen from the Jast table, and has
been shown ySpet5|g (1959 0 occur wit
mlxtures of methg linoleate and water,
w en the hydroperoxides saturate the
wat rlipid mterface .on the solid surface can
their concentratlon in the bulk he built up
ghltgfrlmently for bimolecular kinetics to take
This postulate_explains the increased in-
duction ppertod found In humidifiea treat-
ments It could also account, at least ar
tiall X for the decrease In the observed
It one also postulates that the hydroperomde

Initiation
HT)

/
[ROOH]a[ lRO + 0w —» free radicals
Propagation

R'+ O»— »RO.-

RO - + RH-FR[ROOH]m-R'+fROOHL
Inhibition
fROOH];! W

Termination _
2R0Os-----» non-radical products

r mechanism for antioxidant
efé ot5waF oposed mechanism fo oxid

water-lipid

inerfice  [ROOHLN

OXIDATION OF METHYL LINOLEATE—1

concentration available for the monomolecu-
[ar decomposition Is lower than that calcu-
late from' the measured oxygen absorption.
However, the reduction “0f the effective
ROOH, does not. explain the observed de-
crease in Ku, 1t is proposed, therefore, that
a second mechanism of inhibition by water Is
aso operattve in reducmg Kn as weII 8 Ku.
his mechanism 1S haséd ryratlon of
botth added and unmtentlonally present metal
catalysts.

ydratlon would decrease the value of Ay
g/ reducing the effective metal concentration
term contamed in it Similarly, hydration of
the metals should decrease the value of K
by changing the himolecular initiation rate
constant, ki, from that typical of a metal-
catalyzed two-step decormposition (Ingold
1962) to a value closer to that for bimolecu-
lar decomposition of Sydrogerom es in the
absence of catalysts. upp rt for th |s pro
posal has been found In ‘the work of Uri

} who showed that metaI salts were
much £ss actlve catal sts in po ar solvents

amlaeta sowetatlnte
cobal cata )/zed OX|dat|on of tetralin, addi-
tion of 10% of water by volume reduced the
rateb afactor of f|ve Further support for
sypot esiS |s seen |n the work of Dean
Kirrow i ddition of water to
cobalt acetate: fbutl hydro erOX|e
acettc acid system %avea reta 8e frect of
25-fold, whi¢h leveled off at 3% added water,
Spectroscopic data verified that the water
Eushed the acetatti out of the coordination
phere of the meta
Other mechanisms were fested in which
water was assumed. to participate directly by
reacttnﬁ with reaction Intermediates, How-
ever, the observed data dlg not fit the Inte-
ﬁ]rated equations developed on the basis of
ese assumptions.

These two mechanisms can undoupted|
occur In a food st{stem and shoula exPIaln |
Part the observa lons found In prac Ice
s certainly possmle however, that In a sg
tem as complex as that of an actual food,
other reactions may be involved, including
non-enzymatic browining.
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Autoxidation of Methyl Linoleate in Freeze-Dried Model

Systems.

SUMMARY

Oxidation of methyl linoleate in a model
system based on microcrystalline ceIIquse was
studied in the presence and absence of added
amino acids in concentrations ranging from
10" to 10 L moles of additive per mole of
linoleate. All experiments were conducted in
freeze-dried model systems, in absence of
water; the oxidation was followed manomet-
rically and by determination of diene conjuga-
tion. Parallel experiments were conducted on
the same systems in the presence of conven-
tional antioxidants including prorpyl gallate.

Certain amino acids, including histidine, &
amino- butrrrc acid, Iysrne and cysteine, had
substantial antioxidant activity. The nature of
this activity was found to be different from
that observed with Pyl gallate, since the
main, if not sole, effecto the amino compounds
was 1o prolong the induction period and to
affect the initial rate of oxidation. No effect
was present in the more rapid, bimolecular
phase of oxidation; whereas propyl gallate had
an inhibitory effect in this later stage also.

Kinetic interpretation of the data and the
significance of the findings to stability prob-
lems in dehydrated foods are discussed.

INTRODUCTION

Amino acids and proteins have_been known
{0 ?ﬁe t the course of autoxjdation of lipids
In fooqs, but systematic studies of their pro-
pxrdatrve and antjoxidative effects haye_ been
ew (Bishov cl a anicky and Golg
lewski, 1958; Tap el et'al. 1961; Pokorny
et al., 196% 061 Marcuse reported on
a sfudy of the antioxidative effects of several
pmrno acids added to agueous solutions of
Ingleae at RH 1.5, He experienced the usual
difficulties ih reproducing, In repeated experi-
ments, the ma%nrtudes of the antioxidative

effects, but contluded the following:

1 aHrstrdrne alanine, methionine, and ly
Brne reduced oxggBen absorption by linoleate
y & much as 5

centration for the antioxidant activity, and at
high" concentrations showed an_activity in-
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Effects of Added Amino Acids

version, becomrn% pro-oxidative rather than
antioxidative in Jts ‘action.

The antioxidative activity depended on
pH, the presence of other antidxidants or
lsrrr]rg)eggrgts and the state of oxidation of the
|

More recently, several studies have been
reported on the pro-oxidative effects of amjno
acr s, especially those of histidine, on lin-
oleate In a% eous emulsiops. . The same fac:
tors which af ected the antioxidant activity of
the amino acr were shown to be involved in
the pro- oxr dant actrvrt Saunders et al,
196 Coleman et al,,

Among food products articularly. suscep-
tible to autoxidation are aehydrated foods, In
which the oxidation of lipids may have ser|-
0US consequences pn uality. Oxidation leads
to deterjoration of lipids, ‘and” secondary re-
actions between Irprd oxrdatron rodycts and

roterns m%y cause browning, loss_of proein
dua lity, and impaired organoleptic quality.

resent study was undertaken in order
to exp ore, in a model system desjgned to
approximate conditions irf freeze-dehydrated
foods, the Interaction of amino acids and
lipidoxidation.

MATERIALS AND METHODS

M odel system. The model system used is de-
scribed in part | of the present series (Maloney
et al, 19661p Sam les were freeze-gried in reaction
flasks, “which coud be attached directly to man-
ometers for determination of the progress of oxrda
tion. The original wet mix was at pH 45, and was
buffered primarily by the presence of acidic %roup
on the cellulose. " The_ adgition of amino_ acids did
not chanﬂe this pH srr_znrfrcantly The significance
of this p measuremen for theactual conditions in
the completely dry system IS not known.

amino acids, All"of the amino acids used in
Ythe present studﬁ were of the hrghest grade avail-
able commercra (Cal. Biochem., Lds Angeles,
California). All compounds were grade A, except

Each amino ﬁCld had an OP“mum con-for DL/J -amino-n-butyric acid, and e-amino-n-

caproic acid, which weré grade C. The amino acids
having no guarantee of purity (grade C) were
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tested for homogenerty b){ chromatographic pro-
cedures of Fahmy cl 4.

The following compounds were used as the free
base; DL-alanine, .~ DL-/3-amino-n-bufyric. acid
a-amino-n-out 1)(]nc acid, e-amino-n-caproic acid, and
L-histidine, The following were used as_the mono-
hydrochlorides ; DL-lysirie and L-cysteine.

O xidation. yﬁen absorptlon was measured at
31°C, manometrically and by measurement of diene
conju?atron at 233 mit accarding to the method of
Priveit and Blank (1962), Procedural details have
been discussed previously (Maloney ct al., 1966).

(RESULTS AND DISCUSSION

Thf results of individual experiments, usrnﬁ
model systems containing the amino acids, |
concentfations of 1CP3moles of the amino acid
per mole of linoleate, showed considerable
Variation jn the rates of oxidation of the con-
trol samrrles (containing no aming acid) and
also_ In the magnrtude of the effect of the
aaditive, n Er ticular, the extent to which
the model system was capable of exhibiting.a
srt%nrfrcant induction period was different”in
different experiments,

In comparing the_effect of individual amino
acids, thereforé, It is necessary to relate this
effect to the behavior of the conrol samples
used in the same experiment, under identical
condrtronf wrth the treated sample,

rtl ical results for rung In which a very

proriounced ét%lay in oxidation of the linoleate
was achieve the addition_of trace amount
of amino acid ares own 1n Frgs 124

Ig. 1shows the effect of addition of hrstr
dine ; Fr% the effect of Fysrne and of (3
amrné) utyric acid; 3, the effect
of aqdition “of cysterne and of e-amino-n-
caproic acid.
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The results presented in these figures were
based on OXY gen .absorption measured by a
manometric echnrque Imilar data for oXy-
gen absorption calculated from the Increase

diene con{ugzatron as measured by UV
absorptron at 233 mir are presented in

The amrno acids mentioned—histidine
lysing, /Tamino-n-but grrc acid, c¥sterne and
eamrnoncaprorc acid—showed the greatest
retardation of oxrdatron In the model system
studied. As mentioned #revrousg/ owever
the marh;nrtude of this effect varied from ex-
gerrmettoe eriment. For.instance, In an-
ther run. in which the effectiveness of hist-
dine addrtron wa compar%d with that of
Pro gallate adaition In the same concen-
ration, " histidine. showed con%derably less
antioxidant activity than that obtained I the

s
A /’ o

ii

rbed b em in
'fttr%ggf; R O
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Q;TF? : lUQXX ys’?lsb o f)ertteOfconRtjettth I[I(hnnol it
Tcm A (M oxygen/MRImoIeate) X 10%
I
'E 1165 877 1
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experiment shown in Fig. 1 The results of
the exp ertment compartnlg the phenoli |c antl
omdant with histidine afe sh own in F %
and In Table 2. 1t 1s evident that the effect
of histidine is less pronounced in jts anti-
omdant action than ejther that of propy
ti;allate or that of hjstidine In a Prevmus fun
n WhICh the h|st|d|ne addition resulted ina
verFy substantial_increase of induction time.
art of the difficulties in reproducing the

ma nttHde of ant|OX|dant acth results
from the observation w Ich we nave cop-
firmed in @ number_of experiments, namely
that all of the antioxidant activity of the
amino ai 5 mamfests itself only [n the Induc-
tion periqd, or_in the very early stages of
autOX|dat|on Once the_rapid stage of Oxida-
tion IS reached., the amino acid gives practi-
cally no protection. Thus |fthe e are differ-
ences i inherent capabilities of the sam Ies
to_exhibit Induction’ periods at the tim
Initiation of the oxidation experiment, these
differences will be magnified in the presence
of amino acias.

The autocatalyzed oxidation of unsaturated
fatty acids, and”or their esters, is known to

j /

.// //

s
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Oxy naa rbed Bﬁm el s e n
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AINITOXIDATION OF METHYL LINOLEATE 1l

abso pton of methyl. linoleate
5|s o |ene conjugation  (run

hﬂ%ea lgnZU\(}XX

(M oxygen/M linoleate) X 103
A R C

{tf . . .
ag s%% ﬁt é%
Cé :10¢8rh]hm|et’ogyl_ga attMAI] t||hdoI eate/ g linleat

have at least two stages separaple on the
basis. of kineti¢ considerations (Lundberg
1961). In the mitial staqe foIIome an |

duction Pertod the oxidatjon Is catalyze

hydroperoxides decomposing into radicals b
aogcthgrr]ne involving monomolecular decomi-

It

P In the subsequent rapid phase of oxidation,
the reaction 15 catalyzed by bimolecular de-
composition of hydroperoxides. Under these
condjtions, as has been discussed previously
gManne ‘et al. 1966) the rate of oxidation

given by Eq. 1
gﬁy: Kv (1) i

where k — & rate constant, which includes
many factors held constant i an experiment;
=" amount of 0X trten absorbed (moles of
O)% gen per mole of finoleate) ; t =" time.
tn Integration it becomes obV|ous that a
plot 0

should give a
at]rgadﬁht I|ne qzhts_r\hethod of plotting aIIows

ical reBresentatlon of the begmnlng of
bimolecular adecomposition Pertod ang
chanqes in slopes of the stralrgh lines” ind-
cafe the existence of inhibitory or catalytic
effects in_this period. Plots of oxygen “ab-
sorption in the rapid oxidation phasé in the
Bresence and absence of amino acids have
een made and_show invariably that amino
acids do. not affect the rate of oxidation in
th|s period.  Fig. 5, for Instance, presents
OXI dation In th% raptd oxidation period for
the run In wh| histidine was found to ex-
tend the |n uctton period of linoleate by some

g slopes of the oxjdation_curves in
t|s period, however, remain unaffected by
the resence of the amtno acid.  This pe-

ay be contrasted with that of a
ﬁenoltc r%tomdant which, as seen in Fig. 6
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not only extends the induction period but
ialso decrease? the rate of oxidation in the
ater stages of oxidation.

T0 comPare the effects of various, amino
acjds and 1o com arg different experiments
calculatrons were made of refative rates based
on abso rptron by the controls In the Individ-
ual exe ments. These relative rates are ex
presse a5 ratlos of the amount of ox%/
absorbed b}/ the treated samples to thaf g
sorbed by the controls. |t was felt that the

est oss le comparison between runs would

reved %y caIcuIatrng these reIatrve val-
ues at a fixed level of oxidation of controls,
rather than at a fixed time after starting the
experiment. Table 3_shows the results for
the_various amino acids studied. The com-
parisons were made at a time when the level
of oxidation of controls was 10 moles of
oxygen per mole of [inoleate. In addition to
the experrmental valugs, the values obtained
g Marcuse Ll%l) in"his stydy on amino
a rds are rncI ded Tor comparison. .

The table aso resents a com arison of
the time required by the. control 1o reach a
1r‘c level of oxrdatron with that reﬂurred by

the treat The comparisor! Js mage
by cafcufatron gf the ratio d that is, ratio
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of time for control sample to time for treated

ample.
Pre results indicate that all of the amino
compounds listed in the table showed antioxi-
dant activity as %reat as or greater than the
effects rep orte Marcuse, and that some
of the amrno comPounds had_ activity com-
garable with that of propyl gallate, a phenolic
ntioxidant.
On the other hand, we failed to observe in
our system such activity with methionine,
phenylalanine, isoleucine, and arginine.

%%ble 3. Antioxidant activities of different amino

Relative oxygen
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Further studies on the mechanism and
kinetics of the amlno compounds will be re-
ported at a later date.
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Distribution of Lipids in Air-Fractionated Flours

SUMMARY

Lipids were extracted with petroleum-ether,
water-saturated butanol following petroleum-
ether, or directly with water-saturated butanol
from a composite hard red winter wheat flour
and from five flours separated from the origi-
nal flour by air classification. The lipids were
fractionated by silicic acid column and thin-
layer chromatography. Lipid contents increased
as the protein contents of the flour fractions
increased. The original flour contained a
higher concentration of total and bound lipids
than the residual coarse flour; the two flours
contained comparable amounts of protein. It
is postulated that shifts in particle size and in
lipids during air fractionation might be respon-
sible for differences in storability of various
flour fractions as such, or in combination with
other perishable food ingredients.

INTRODUCTION

Wheat_ flour rﬁ)roduced b}/ conventional
roller milling contains particles of qifferent
sizes: large endosperm chunks, small parti-
cles of free protein, free starch granules, and
small chunks of protein with starch %ranules
Fine grinding followed by air classification
can separate Such a mixture into three main
fractions; 1) a hlgh protein fraction with
particle 3|ze under (11 a sedimentation
method) ;2) a low-protein fraction with par-
ticle size of 15 40 ;. and 3) a coarse re5|due
size of 40-120 A with protein content ap-
proximating that of the original flour. Re-
peated grinding to free more protein. and
starch. particles, followed by air-classifica-
tion, increases the protein content of some
fractions and the starch content of other frac-
tions, and is the, basis for numerous patents
for the production of “tailor-made”" flours
from a single parent flour,

Air classification is relatively inexpensive,
and its advantages are numerous Fanfm
962) : 1) manufacture of more uniform
flours from varym% wheats; 2) increase of
proteln content of bread flours and decrease

Protem in cake and cookie flours; 3)
controlled particle size and chemical compo-

¥|t|on “and 43 gproductlon of specialty flours
Or Specific uge
Most studies on air classification of wheat
flours have been concerned with the distribu-
tlon of groteln and mineral matter and with
th e effe t on maltose gassmq power, amylo-
h viscosity, and ‘over-all breadmaKing
characterlstlcs Qchhser 1958: Jones et aI
Grosh ¢ 1959: Sullivan et al
1?6? Ponte et al., 1963 Stringfellow and
Peifer, 1964). Jones ef al. (1960) deter-
mined vitamin contents of air-classified
flours ; and Wilson et al, ﬁ 964) studied dis-
tribution of chlorine in chlorine-treated soft
wheat flours dry-fractionated by a four- or
five-stage aiy. classification.
Data on lipids |n alr -Classified flours are
limited and genera P/ fragmentary. Houston
(1961) rted (P ellmlnaw results of stud-
|es on 5|m le ang compourid |p|ds In ar-
classified flours. Ponte eta (1963) deter-
mined fat 8 v acid hydrol )J(Slsg of stdrch and
?Iuten and Gracza 196 tudied the pe-
roleum gt er extract of a|r classified rours
his study was made to determine total, free
%%cli”sbound lipid content of air- -classified

MATERIALS AND METHODS

wheat flours. Flour used for air-fractionation
was experimentally milled on an Allis Mill from
a composite grist” of several hard winter wheat
varieties grown in 1962 at several locations
throughout™the Great Plains. The flour was stored
at 4°C in closed containers until used. The flour
was fractionated nto high- and low-protein
streams, according to the scheme given in Fig. 1
Fractionations were made_in a Pillshury Labora-
tory Model No. 1 classifier, employing_indicated
feed rates, speeds, and internal Set-Up, The frac-
tlonatlon procedure involved removing fine fractions

B, C, D, and B from the original flodr, A ; residual
coarse flour was designated EE. Particle  size
éaverage digmeter in ) was determined in a
isher “Sub-Sieve Sizer (No. 14-311), as described
by Croteau (1960).

Bread-making Baklng propertles were deter-
mined. @ described previously %Pomeranz et al.
1966h). Loaf volumes were "determined immedi-
ately ‘after the bread was taken from the oven.

897



898 LIPID DISTRIBUTION IN FLOUR FRACTIONS

ORIGINAL FLOUR - A

100 POUNDS/HOUR

100 POUNDS / HOUR
6 DECKS FORWARD

10° LOUVER CURTAIN

Q COARSE
B -

FRACTION 6 DECKS FORWARD 50 POUNDS/HOUR
10° LOUVER CURTAIN

wZP
C
25 POUNDS/HOUR

FRACTION 2 DECKS FORWARD
10° LOUVER CURTAIN

b 1 S el

FRACTION 2 DECKS FORWARD
35° LOUVER CURTAIN

E

Fig. .L Flow .diagram FRGfT'CfNe hard red winter
whe% ff%ur #ractlona%on procegure.

After the loaves had cooled, they were cut and
their crumb grains evaluated by the code * =
]gatltsfactory, = (uestionable, and U = unsatis-
actory. -

Lipid extraction. LIPS were extracted ex-
haustively (8-10 h_q1 with  petroleum-gther F}bp
35-60°) In a Goldfish extractor. Petroleum-gtner
In the "flour was evaporated at room temperature
and the flour was re-extracted with water-saturated
1-butanol, as described previously = (Daftary and
Pomeranz, 1965a). _ In addition, “lipids wefe ex-
tracted dlrecth{ with - water-saturated  1-butanol.
All butanol extracts were purified by redlssolvmq
the butanol extract with petroleum” ether. Tota

lipids extracted directly from the flour with water-

saturated 1-hutanol were also washed with a dilute
aqueous calcium chloride solution (Pomeranz ¢t ah,
1966a). All determinations were made in triplicate.

Silicic acid column chromatography. LI 1ds In
the water-saturated 1-butanol total extract were
fractionated Into nonpolar and polar fractions on
ilélf%c) acid columns (Daftary and Pomeranz,

a).

Thin-layer chromatography. Extracted |Ip|d5
were fractionated by thin-layer chromatography
(TLC&, 8 described elsewhere (Chiu and Pomer-
anz, 1966). The solvents used for one-dimensional
ascending’ development of 125-7 lipids were: chlo-
roform “for nonpolar lipids, and a mixture of
chloroform-methanol-water  (65:25:4) for polar
lipids. The spots were visualized by exposure to
loding vapor,” or by s;;ra/yln with a saturated
solution of KoCru0?'in” 70% _(%y volume) aqueous
sulfuric acid.  More specific “spraying  methods
included ninhydrin, modified DraFendorf rea%ent,
and molybdernum_ spray. In addifion, TLC plates
were sprayed with® a-naphthol to identify glyco-
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: Tt}l ?[ e[|a(5IVﬁ amounts of petroleum-gther and water-saturated-butanol-extractable lipids
in air-fractionated tlours.

Lipid distribution
B

Phosphorus in lipid

tanol Bl{tan,ol

i

following Petrqnleum- followin
Petr%leum petrol}eum ether petroheu -
er extract ether
Sample (90 (90
A 074 0.69 0.32 1.00
B 2.22 1.60 0.31 0.94
C 1.32 0.76 0.32 1.05
D 0.63 0.34 0.31 101
E 0.61 0.30
EE 0.64 0.42 0.33 1.39

I| ids (Feldman ct al, 196
of polar lipids _separated by

5)r For identification
F LC, standards used
dyl choline,” phosphatidyl ~ethanol-

were phosphatidy
amine, and phosphatidyl serine’ (from  Applied

Science Labs., Inc., State College, Pa.) and mono-
and digalactosvl glyceride (qift from” Dr. D. H.
Hthes Procter” and Gamble Co., Cincinnati,

Phos

horus in lipid extracts was determined b
a modi

Pred Fiske-Subbarow method (Oser, 1965{

RESULTS AND DISCUSSION

Table 1 summarizes certain chemical and
bread-making characteristics of the flours,
The data do not include baking results of

flour B, since its Protern content was too
dgh for bakrng tests by conventional meth-
ods. Samples o and £& were comparable
for all practrcal purposes from the stand-
point of protern content and bread-making.

Tables 2 and 3 compare the lipid content
of the flours. The TLC of the lipids is shown
in Figs. 2 and 3 In comparing results in
Tahles 2 and 3, note that the water-saturated
butanol extracts (in Table 3) were washed
with a dilute calcium chloride = solution.
Such washing removes nonlipid impurities

Wal%l’ G chardd B e e 8
W ater-saturated butanol extract
Total Nonpolar Polar Recover’
(90 (90 (90 (90
A 1.15 497 488 985
B 332 5.8 465 913
C 19 499 455 %4
D 101 499 483 98.2
E 090 492 81 973
EE 108 46.9 5.1 970

and, at the same time, causes losses of polar

components.
Comloarrng actual lipid content of the
original flour with total lipid content, calcu-

lated from the contribution of the various
fractions, showed good agreement for petro-
leym-ether and diect water %aturated huta-
nol extracts The calculated utanol extract
following the petroleum extract was, how
ever, lower than the actual extract of the
unfractionated flour. That probabl resulted
from losses during extraction and purifica-
tion of small amounts of lipids extracted
with butanol after a maHor part was ex-
tracted with petroleum-ether

Differences In recovery of nonpolar and
\1*

104,
o# 8y § i
di'iiii R
Fi T of non lar l| arr fr ctronate
M lllﬁ gre&ah ol
o roeu (a

rres n teor er |r} a es 1aH

eVrerr0 |c ar ?S VW X dbe¥
trrl%;cerr o ohs r?r IStger)(r)rdegs %hsd

i |grat|ng Iar Pprd
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élour% %a lfesfJ %?(faracle) ds |l 9{5@?8&&%%8
E etr t|o glner
pD or orm MixtULE

ﬁ &arevs rllz?m { ﬁam |t sulf Baicdg’,
}I drenogﬁ a cto%sﬁ]g?ene%ch& d|ga osyl yC-

polar lipids make it difficult to determine
precisely the ratio of nonpolar and polar
lipids from the empirical method of frac-
tionation on silicic acid columns. No con-
sistent or significant differences in the
polar-nonpolar lipid ratio were found for
the tested flours.

Total lipid content increased as protein
content of flour increased. The lipid-protein
qguotient was, however, much higher in the
high-protein B flour than in the other flours.
Consequently, residual flour EE contained
less lipids than the original flour (A), de-
spite a comparable protein content of both
flours. Flour EE was lower than flour A
in total, free (petroleum-ether soluble), and
bound (butanol after petroleum-ether ex-
tract) lipids.

TLC of nonpolar lipids (Fig. 2) shows
that triglycerides, free fatty acids, and di-
glycerides were present almost exclusively
as free lipids, extractable with petroleum
ether. Small amounts of triglycerides were
present in a bound form in the low-protein
fraction, E, and in the residual flour, EE.
Both the petroleum ether extract and bu-
tanol following petroleum ether contained
substantial amounts of polar lipids (Fig. 3).
The concentration of polar lipids in the
butanol extract was substantially higher

LIPID DISTRIBUTION IN FLOUR FRACTIONS

than in the petroleum ether extract. Visual
observations indicate possible differences in
concentrations of specific polar components
in various lipid extracts and in various flour
fractions. Additional work will be necessary
to evaluate the significance of those differ-
ences.

The results seem to indicate that, during
air-fractionation, lipids are shifted along
with proteins. The lipid shift, accompany-
ing a particle size shift, may explain the
fact recognized by industry that the residual
flour, EE, low in lipids, stores better than
the original flour (A ). Residual flour (EE)
is especially low in bound polar lipids, pre-
viously found to be more susceptible than
nonpolar lipids to enzymatic degradation
during storage under adverse conditions
(Daftary and Pomeranz, 1965b). Currently
being investigated are changes in lipids in
air-fractionated flours from various classes
and varieties, and effects of lipid shifts on
storage.
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Identification of Some Trace Lipids in Honey

SUMMARY

The trace IiEids of cotton honey were ex-
tracted with Skellysolve R and diethyl ether.
The crude lipid extract was subjected to trans-
esterification, purified on a silicic acid column,
and analyzed by gas-liquid chromatography.
For further confirmation the crude lipid extract
was saponified and the fatty acids identified by
reverse-phase chromatography. The infrared
spectrum of the crude lipid extract and methyl
esters showed absorption bands typical of al-
kane and ester ?roups. Palmitic and oleic acids
were respectively found in relative concentra-
tions of 26.7 and 60.3%, along with small
amounts of lauric, stearic, and linoleic acids.

INTRODUCTION

Research .on the composition of honey is
quite extensive,_as evidenced Dy the reviews
of White 21?57% and Pryce-Jones &195_0%.
A considerable number of sugars, vitamin,
minerals, and proteins have been identified.
Many workers have examined the free or
volatile acid content of honey, but none have
studied the release of acids “after saponifica-
tion, except Heiduschka and Kaufmann

911), who rePorte_d that more volatile
acids and more Tormic acid were obtained
In every case %/ steam distillation after
saponification.  Dorrscheidt and Friedrich
(1961) recently sef)arated the odorous sup-
stances of several honeys b gaS-|I(iUId
c_hromatography and Identified, oy “retentjon
time, methyl formate, methyl acetate, methy
propionate, methyl butyrate, methyl valerate,
and methyl caproate. “The present investi-
ga{lon was undeytaken to studﬁ/ the extract-
ble long-chain Tatty acids in honey.

METHODS AND MATERIALS

Preparation of crude extract. COtON honey
W as diluted 1o 50% (wiw) with distilled water,
filtered _throug_h cheesecloth, and extracted _three
times with redistilled_Skellysolve B (bp 60-70°C
and diethyl ether._ Emulsions were "broken wit
absolute ethanol. The extract was washed at least
three times with distilled water, dried over sodium
sulfate, and concentrated by rotary evacuation at

“ Preﬁent agdress '

g 1SS g, Ll end Company, In-
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30-40°C. The residue was weighed, taken up in
dry Skellysolve B, and stored &t 5°C, This pro-
cedure yielded 0.015% of a yellow lipid residue.
This fraction is referred to as” the crude extract.
The Molisch test for carbohydrate, a spot test
for glycerol or glycerides, a spot test for phos-
phorUs, the Lieb&rmann-Rurchard test for sterols
and the ninhydrin test for protein were gerformed
cig4g)1e crudé extract (Weissberger, 194; Feigl,

Determination of infrared spectrum. The In-
frared absorption spectrum was determined on the
crude extract and subsequent fractions. For anaIY-
sis, a 2% solution of the sample in spectral_-quallY
chloroform was placed in a ‘sodium® chloride cell,
and the spectrum was recorded on a Perkin-Elmer
Infracord, model 137.

Preparation of samples for gas-liguid chroma-
tography. The Crude extract o? cotton honey was
su Aected_to transestérification by treatment with
0.4A" sodium methoxide in excess methanol and
eluted from a silicic acid column to obtain methyl
esters free of unsaponifiables or other impurities
(Luddy ct al., 1960). B

Gas-liguid chromatography, The “prIfled”
methyl esters were analyzed with an Aerograph
gas chromatograph, model A90C, The columns,
0% diethyleneglycal succinate (DE(iS) on acid-
washed fire_brick™ (60/80-mesh), were 540 ft long
and Y~Is in. in diameter. Identification of com-
Ponents_on the gas chromatograms was based on
he equivalent chain length ( CL)[ which canceled
variations in_column dimensions, temperature, and
carrier gas flow rate (Miwa ct al. 1960). A gas
chromatograph. (Research Specialties CO., model
604) with an ionizing detector and a 10% DECS
column on chromosorb W, acid-washed fire brick
(60/80), was used to_determine the relative con-
centration of the purified methyl esters.

Paper. chromatography. 10 obtain the free
fatty acids for paP_er chromatography the crude
extract was saponitied with 05A" alcoholic potas-
sium _hxdroxme by refluxing. 2 hr and standm%
overnight in the dark (Hilditch, 1956). Diethy
ether was added in an amount equal t0 the total
samFIe volume, and distilled water was then added
until two layers formed. The diethyl ether IaYer
was decanted in a separatory funnel“and extracted
three times with distilled Water to remove any
fatty acid salts. These washings were combined
with the original aqueous layer, the mixture was
acidified withi hydrochloric acid, and, the free fatty
acids were extracted three times with Skellysolve
R. This extract was washed once with 1% sodium
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PR T R ) e o i, Mo, et
the samgle was concentrated on a rotary evagorgto¥ glfigﬁtley %%%f iCe rLtlesstISpQrthge%tinﬁngri a\r/gacf
atF35'4hC' hy of the fatty acids. Wh tion_ for protein or amino acids and the
o 1 D e ot i 2 aiicoas  Molisch test for carbohydrate wiere negative.
(Dow Corning 555 'in"diethyl ether (Mangold D€ tests indicated the tPlresence of triglycer-

ct . 1955). After application of the unknown sam-  ides. sterols, and possibly phospholipids.

ple and appropriate” standards, the chromatogram  The infrared absorption ,sgectrum of the
was developed 15-18 hr in 85% acetic acid. The pa-  crude extract and the purified methyl esters
per was then air-dried, washed 3 times for 3minin - shown in Fig. 1 revealed shar absorption
distilled water, soaked 5 min in 1% lead acetate,  Rands at 3.5195.9 and 6.9 j which were typi-

er, S0aKed . t
washed 3 times in distilled water, air-dried, and !
finaIIY exposed to hydrogen sulfice. The presence cal of alkane and ester groups (MarkY_e !

of fatty acids was mdicited by brown spots ona  L960). On the other hand, bands indicati
white ybackground. To detecY unsat_uraFtJed fatty carboxyl groups were absent. The presencg
acids a chromato%ram was washed in distilled water  Of @ shiarp band at 2.8 /*in the crude extract

after development, air-dried, and exposed to iodine  Indicated a free hydroxyl group. The puri-
vapors. The unsaturated fatty acids produced yel-  fied methyl esters eluted “from silicic “acid

low spots on a white backgrodnd. [acked the"hand at 2.8 m hut gave the charac-
teristic Infrared spectra of fatty acid methyl
RESULTS AND DISCUSSION esters. The slight shitting of some bands was

The spot tests for glycerides, phosphorus, presumabli Calised by mechanical error.
and sterols on the cfude extract of cotton ~ Table 1 shows the results of gas-liquid

4000 3090 2000 1500 cav'
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(bo't:tigr'n}' The infrared spectra of cotton honey crude extract (top) and purified methyl esters
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sl it Bkt rrlgnmeglltography of fatty - acids

Methyl ester standards Honey methyl esters

ECL ECL
Caprylate 81+.30" 3" 8.61+.21" (6)b
Caprate 10.0i.10
Laurate 119+10 115 +45 (5)
Myrrstate 14.0+.09 137 1
¥rrstoleate 14.71t.07 148 +10 (2
Palmitate ~ 16.0i.08 160 +.20 (7
Palmitoleate  16.6%.11 7 167 1
Stearate 18.0£11 (7 18025 (4
Oleate 186111 (7 186 25 (7
Linoleate 192+¢1S (7 191 £18 (51
Arachidate  200+1S (S) 200 £29 (5)
Linolenate 20.01.17 (3
Vaccinate 183 1
Behenate 219 1
BE‘tanr%ard ?evlgst%?n sf
ol A g e o

chromatography on the purified methyl es-
ters froni” honey. Definitely shown 1o be
present b comgarrson withi known methyl
esters were methyl laurate m)rrrstoleate
palmitate, stearate, oleate and linoleate. The

TRACE LIPIDS IN HONEY

ECL of 8.6 in the purrfred methyl esters ma C}/
be the, unsa(turated analog .of ca

octenoic acid, Methyl myristate a

toleate may be present but not enoug

Sery Ftrons were made to he certain. Thri
purified methyl esters contain either methy
arachrdate or linolenate. Since the ECL'S
are similar, 1t was not possible to determrne
whether_ one or both were present Frg

IS a typrcal 0as chromatogram of the honey
methyl esters.

The percent concentration of the purified
Mmet %I esters Was determrned with a gas
cro atograp e%rppe with an integrafor,

y mu trtp e mte rator value times
temoeuar Wweight of eac meth
a factor drrectlg/ ro ortronal 10 the relative
percent compo ition was obtained. The re-
sults of these calculations are ‘shown In
Table 2. The methyl ester found In hr hest
concentration was Oleate _;60 3%), a
second was palmitate (26.7%

After s onrfrcatron the fatty acids of the
crude extract were sul ecte t0 reverse-
Phasecromatograpy he fatty acids had
he same Rf as that' of almrtrc and oleic
acld, as seen in Table 3. Use of iodin vapor
confirmed the presence of oleic acid at Rf

yl ester,

big. Chromatogram of purified methyl esters from cotton honey. Research Specialties Co.
ga- chromatograph model 604: column temperatures, I/IPC: pressure, 3.7 Ib.
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Table 2 Rel?twe oncentration of honey fatty

acids by Integrator technique.
Methyl ester standards Honey methyl esters

Relative

Retention % concen-
ECL time (min) ECL  tration
Methyl
myrlstate 40 33 19 10
){rlstoleate 40 145 LI
Palmitate 60 67 160 267
Palmitoleate 65 77 165 10
105 174
Stearate 33 181 17
Oleate B85 149 185 603
Linoleate 192 185 192 18
Arachidate 200 240 20 65

aciffgble 3. Paper chromatography of honey fatty

Sample Rf

Indicator: HcS

Honey fatty acids 35
Stearic acid 029 (.26-32
Palmitic_acid 043 (414
Oleic_acid o 040 (3842
Palmitic and oleic acid 040 (3644
Indicator: I2

Honey fatty acids 0.37 (.43-39
N o and 055 (.52-58
Palmitic and oleic acid 037 (.33-42

0.37. Palmitic and oleic acid cannot be sepa-
rated by this method ; however, since palmitic
acid gives a slightly’darker spot than oleic.
the color of the spots and comparison of Rf
values indicate the presence of both palmitic
and oleic acid. The fatty acid revealed b
lodine vapors at R 0,55 may be linoleic aci.
Increased” concentration did not yield addi-
tional fatty acids.
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Kinetic Behavior and Mechanism of Inhibition in the Maillard

Reaction.

SUMMARY

The kinetic behavior of the Maillard reac-
tion between D-glucose and glycine is discussed,
and apparent rate constants— fc, from the in-
duction period of the reaction, and ki, from
the steady-phase formation of melanoidins—
are estimated. The free energies of activation
for two steps with corresponding rate constants
ki and k,, are respectively found to he 26.5
and 26.1 kcal mole  Both steps have unfavor-
able negative entropy of activation. The over-
all rate expression I

d (8 )ldt — [KAU(U).,/kDI) )'/2+

coaosy L(I=1),
where | represents intermediates, g and G re-
spectively glycine and glucose, B the brown
Broducts, and It's the rate constants. On the
asis of kinetic considerations, hydroxymethyl
furfural is ruled out as a major intermediate
in the Maillard reaction.

INTRODUCTION

Maillard (1912, 1913. 1916. 1917) syste-
matically studied the reactions of aldehydic
monosaccharides with amino acids in aque-
ous solution under various conditions. Gen-
eral reactions leading to brown-colored prod-
ucts from sugar and amino acids are named
after Maillard. These thermal reactions
(Maillard reaction) produce uncharacterized
brown products, sometimes called melanoi-
dins. Despite vast amounts of work repre-
senting various laboratories and approaches
since Maillard, the mechanism of the reac-
tion remains obscure, mainly because of the
complexity of the reaction and the number
of variables in the experimental conditions.

We became interested in elucidating this
complex reaction in terms of kinetics and
inhibition. The present series of papers uses
the term “Maillard reaction” since our main
concern is the reaction of aldehydic mono-
saccharides with glycine under conditions
similar to those in Maillard’s work, thus ex-
cluding thermal reactions of monosaccharides
alone, which under extreme conditions (such

I. Kinetic Behavior of the Reaction
Between D-Glucose and Glycine

as very acidic or alkaline pH) vyield visually
similar brown products (for example, see
Deschreider, 1934). The complexity of the
reaction, as seen from work of Hodge
(1953), makes it almost impossible to study
the reaction by means of simple analytical or
organic chemical methods. A kinetic ap-
proach, however, can be used in attacking
the problem.

One interesting kinetic facet of the reac-
tion has been noted (Haugaard ct al,, 191
Haas et al., 1948). 'In starting with color-
less reactants—glucose and glycine, for ex-
ample—brown melanoidins are formed only
after an induction period. Haugaard ct al.
(1951) and Haugaard and Tumerman
(1956) were able to obtain a linear kinetic
relationship in the plot of absorbance versus
t2 and to give a graph with a line through the
origin. However, as will be pointed out,
such a treatment of the induction period is
not always applicable. The present series
of papers presents work on the kinetic be-
havior of the reaction.

EXPERIMENTAL

Preparation of reaction mixture. A reaction
mixture was made ug of 5 ml of aqueous solution
of 11/ D-glucose (obtained from Merck and Co.)
and 0.25. Lglycme (obtained from Nutritional Bio-
chemicals Co.), and_the pH of the reaction mixture
v’\\llgsoﬁdjusted to 55-56 with OLV HCL or OliY

Kinetic runs.. Colorimetric tubes (Pyrex, 11 X
10 cm? containing 5 ml of the reaction mixture
were flame-sealed” to prevent evaporation dunn%
long reactions at elevated temperature. The seale
tubes were placed in either a temperature-controlled
oven or a_water bath at desired  temperatures
«—DC). The kinetics of the reaction were fol-
lowed b)i readlnggthe color intensity of the solution
at wavélength 490 mg with a Bdusch and I.omb
colorimeteras a function of reaction time. The
reaction time varied from a week to several weeks,
depending on experimental conditions and the con-
centration of the reactants, Evaluation of rate con-
gg%rgltgn for the reaction is described in the next
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RESULTS AND DISCUSSION

Fig. 1is a typical kinetic plot. It is possi-
ble t0 draw g straight line for the steady-
state phase of production of colored mela-
noidins ug tg absorbance (.8, above which a
gosrtrve eviation from - [ingarity beqins to
ppear. Extrapolation of the Straight-line
portion to the, time axis ?rves a value™for the
induction period, t. Rale_constants obtain-
able from a plot such a Fig. Tare approxi-
mately evaluated later in this section,

Fig. 1 also gives a plot of apsorbance ver-
sust Accord nri to Haugaard et al. 1953
aqr Ph with a Jine throUgh the origin cdn
be"obtained brplplottrng absorbance agarnst f2

mstead of t. However, such a g ae rt)
sible on t?/under experimental conditions hat
match those of Haugaard et al. with respect
to concentratrons of reactants, temperature
pH. For example, one would gbtain no

%nrfrcant reacHon under verg unfavorable

ditions, such as ow concentrations  of
reactants and low pH, Curve B i Fig, 1
shows an apparent Induction period and"ini-
tellatl curvature even under moderate con-
itions.

To resolve this difficulty, an attemPt Was
made to evaluate an appar nt mitial rate con-
stant representing the Induction period of
the reactjon, It tUred out that the rate con
stantcalculated from the . induction perjod
was independent of glycine concentration
under  pseudo-first- orde condition and in-
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dependent of the wavelenﬂth employed for
the color measurement. This latter point i
particularly noteworthy because melanoiding
absor vrsrble light Over wide ranges of

1 wavelength,

In establrshrnﬁ; an approximate kinetic
the data in Frq L certan

aﬁ) roxrmatrons were unavordabe because. of
the formidable complexity of the reaction
and the unavailibility of mformation on the

] structure of mterme lates and products. The
| a% lowing mech anrim apBears o be reason-

e as an over-al prct re of the reactron
exclud mg later steps' of extensive polymeri-
zation which result In the formation of dark-
orown insoluble products.

Using G for D- glucose V for gDycrne | for
intermediates, Bf for co ore roducts,
and Bm for major products (mefanoidins) :

G+g-"I [1]
RIS ]
[+ gk 3

where b rePresents glycine or its degrada-
fion Broduc such as ammonja. Reaction 1
can pe defined as the nitial statqe of the
reactron during which no coIora on takes
place. Since.the recovery of D-glucose from
an intermediate, for example 1gl cing-D-
lucose. or It rearrangement E ucts, is
ractically zero (Chichéster, 1954: Hannan
and Lea~ 1952: Mackinney and Chichester,
1952; Gottschalk and Par ndge 1950), the
reverse reactron are not writtén in the above
scheme, although the apparent rate constants
I, ke, ﬂ” ko Tnclude terms such as K
trrnsrf g erever the reverse react ons
actually occur. In the assumed mechanism., |
should be the sum of all possible mtermedr
ates which can arise from'the reactants.
Keeping one of the reactants in excess,
Iyerne for example, the following rate ex-
ession can be written for reaction 1:

—4(G)/dt = d(l)/dt = k,(G..-) [
From the Kinetic behavior of the reaction
shown in Fig. 1 it can be assumed that
major Intermediates accumulate up to a
steady-state concentration, followed by the
formation of colored products as represented
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by a strarght line, Experimental findings in-
dicate that the following two_assumptions
may be made to define thé kinetic behavior of
the” reaction.

Frrst some of the mtermedrates or b}/
products of side reactions "contribute 1o
‘browning” as measured b]y the method used
for following the rate of the reaction. These
mclu e aIdose fragmentatron sroducts such

AT ete“feu 0 R
Chrcester¥ y y

Nomura and Ka-
wano 1954; Petrt 97)and Strecker deg-
radation Eroducts of amino acid (Stadtman
f gelcong 2|t may he assumed that a/>-
u
unsaturated enolrcy aldimines are being built
ug until stea -state  concentration IS
reache T ese aldimines are_considered to
be mtermedrate in the Maillard reaction
McWeeny and Burton, 1963 ; Burton et al,
). Tre appearance of UV absorption
the reaction mixjure has been su sted to

result from the formation of enol rc unsatu-

rated compounds 8Hannan and Lea
Chrchester et al., 152 Fried man and Kling,
950: g et al. 1948: Wolfrom et al.
949 967: Kato, 1960:" Mednick, 1 962%
Anet (1963) maintained the view that U
saturated sugars such as enolic 3-deoxy D-
?Iucose are frue intermediates In the forma-
lon of HMF and Maillard-reaction end
groducts Evi ence for the |mPortance of
[?-unsaturated |ntermediates In the reaction

will be presented in Part Il of this senes

Although su ar ragmentatron ro ucts
such as coladeh e and cerI
may yiel rown cts |nt presenc

ahserice of amrn acrs It seems unlike 3/
that the fragmentation. occurs to an appreci
e extent during the induction penod at the
mo erate temp eature an H used in our
experiments, Autora jographic evidence to
be presented later in the series also indicates
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that fragmentations do not occur significantly
during the indyction period. AIthou?h these
secondary adeh¥des may be present In our
system dnd con nbute fo brownrnr%;1

are not considered to be major Interme |ates
In the Maillard reaction, as ointed out
above The formation of HMF In the D-
?ucose dg g/cme reactron mrxture has heen
eporte nd accepte as the main pathway
in the Mfu lard_"reaction %see refergnces
Iven in Ellis, 1959% We have also identi
led Its presence In the brown mixture spec-
trosco rcaIIy see Part ) and chromato-

gran)hrca y I(

ice et'a 19471 proPosed that furans

Pla%/ an |mPortant role in the Maillard reac-
Srmr ar proposals have been made by

mang workers ( Ilis, 1959, and references

theréin). However, the formafion of HMF

may 1ot be considered as a main pathway. in

the Marllard reaction, for the following

I-t the stead?/ -state apProxrmatron
g MF)/at = 0 a 0
resgntd %ystem the toolnoent atron o{
uld ie approximate maxrmuma
the end of the mngtron penod extrapolated
from the steady-phase line to the abscissa
(see Fig. 1). However, It was observed In
spectrop otometnc e]penments t}to e re-
orted In Part T} at the concentration of
MF mcreases seadrIY throughout the en-
trre eriod of tereac on as measured by
a so ance at 3 nifi. of the compound of
8 (Tab el? This suggests thatH F

|s bern accumulated rather than bein
corpordted nto the steady-state phase 0 the
eriod was not elimi-

reaction,
23 The Induction
natd b}/ agding to the reaction mixture at
the start of the reaction, a Steady-state con-
centration of HMF (9.3 x 10°s ML, calcu-
ated from £84m, = 30 and assumm%
that absorbance at 284 mfi of the reactio

ntification Pf H I | rpr terI lct(r)r(omato\%ra&t} (solvent n-butanol-ethanol-water,

xperlmenta Sec
Reaction time Commercial H MF Sample Benzidine test Amnx. Cmfl)
10 days 0.80 0.78 + 2825%
283"

bgampe rom reactron mixture.
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mixture, at the end of induction period was
due entirely to HMF of course, the latter
gssun tion would yield a much hrgher value
for the concentration of HMF than the ac-
tual concentration, since other substances In
the reaction mrxture undoubte ry absorh at
the same wavelength reénon or its tenfold
concentration (9.3 X

i e Cees af d%%%'?'e oo

U r
whgrch are.common substrates of the Mar?larr?
t pe reaction, In fact, any aldehydes und er%
garentl y.simjlar brownrng reaction In t
pr enceo amrno acigs.
o tohr tthe orrBatron of HI&/IF IS
sron acid-ca lgman and Goe
?yhe Mar?a/rd reacﬁon 13 extremgPy

Isalr?e/\rl Under these conditions, as will be shown

However, since HMF %relds a yellowish
color In the presence ofa In0_acid”in aque-
0us squtrn and _copolymerizes to form
brown pro ucts under thermal condrtron the
coloration due to HMF ma]y thae a Sec-
ondary “orowning _reactiori.” The reaction
schemie must therefore include contributions
from the formation of HMF as well as of
other possible color precursors via side
reactions.

An assumption that the a/3- unsaturated
enoh% rntermedrates pla é‘ role in the reac-
tion as een Eart y noted In the literature,
and will be justified in a succeeding paPer

We now account for the Maillard reaction
and “browning reaction” as two competitive
reaction pathways—3 and 2—in which Bf
and Bpare now identified as B as far as mea-
surement of the ahsorbance of the solution IS
foncerned Since the final stage of the Mail-
ard reactron can be considered to be condep-
sation polymerization, the molecu ar weignt
of B products would rncrease products
can he formed via reactions 2 It/con
secutive mechanisms, Wrthrn the range of
absor ance measured ‘ | the co ored
products, were dra zabe After a consjaer-
able period (20 E) some roducts
precr Itated as nondraI zable polymers an
ggregates From two assu trons made

ve” and experimental observatiqns, the
foIIowrng rate expression can be written for

reaction 2: AR = (-8, o
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For reaction 3 we have:

d(Bp)dt = kap—Bp(1-8)  [3
Combining Egs. 2 and 3 yields an_approxi-
mate rate Eiawqtsor the steady p?tase In pr

d(B)/dt = [tht(hl(_%)B)] (-8) = a

where kH = k2 + ks(b—B) and designates
erréragpgﬁrent rate constant of the steady-phase
From Eq. 1in its pseudo-first-order form
wrth respect to glycine instead of glucose
q 51 obtﬁrnedater rntegratrn% d 1and
aluatrn(?terntegratron onstant at t = 0

\n(g)./(g —1) =kd [5]
“kit att—t
Where tequals the induction period
thus,
=gn-r-v) [6]

Substitution of E 6 in Eq. 4 yields an over-
all rate exBressr for the steady-phase for-
mation of brown products:

¢-V)-B] [1]

d(B)/dt=[k2+ Mb-B)\

On the other hand a plot. of induction
period a%arnst Ins accordrng to Eq,
yrelds a$ rarght line_with the sl P]e equal to

Fig, 2)." A similar relationship_can be
obtained b rflotérng ragainst In(G)0at con-

stant 4 (Table 2

As shown in Fig. L a straight line during
the steady-state g ase Cﬁn be drawn _after
the inauction Perr d. In the presence of rela
tively constant G. the rate of the steady state

colofation can be expressed as follows
d(1)/dt=d(B)dt=k. (I-B) [

where k.t = k24 k3(b—B). To account for

he |nd<uctron pﬁrroa lrn ttte overa?l rate of

tereactron a first-order Eq. 8 can still be
useful by inte dratrng the equation and intro-

ducing T into The equation.

\n(B)//1~B) = C,(f—) [9]
However a.plot of log A against.t for the
data shown h) t ﬁowedlg

rg negatrve devia-
tion from Irnea Ity, nor did an apparent
seconﬂ -order plot of /A against t yield a
straight line. "Under these Clrcumstances, a
relative rate constant IS evaluated from th
slope of Fig. 1 as an a%’oroxrmatron and
these consta ts (or rate) designated K'st are
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consinE G e

Concentration
‘MH)

99°C 895°C
Glycine
025 0.66 124
0.050 054 102
01% 036 0.66
0250 021 0.38
0500 0,061 0.18
Glucose
002 0.262 0462
005 204 0.368
010 0.148 0218
0.20 0112 0200

~ oo
T T
1

o
T

., MIN. x 1073

0 991

0 0.5 10 15
-L0G(g)o
?D % -G53 'AHCHen SR R t”

then evaluated from the ¢ lélge of plot shown
in FI% In turn, these Kt values are used

find the correct kinetic order for the
stea¥

01 s ot agingt g (q)
Iqu go |s {oe agams 00 o%%neoé
oftne

0 a linear relationship Is
,4). While the vaIuTs of the slopes
u ots of 0g K¢t against log (g),, can be

G
p
as approximately an intéger of unity
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ARt GRS ST e B %

AR R

(min X 10-3)

80. 5°C 69° C 57°C 53°C
280

2.04 4.02

14 30L 6.02 1990
(.78 189 4.26 8.74
0.36 0% 240 526
0.864 2.14 50

0.680 15% 4.2

0.550 124 330 6.20
0.361 0.92 240 330

over the temperature range studled, the
slopes of the plots of log K st algalnst og S )
p ear to be a nop-integer value of ab

Ich sug%ei(s ts the co Iexn%/ of the reac-
t|on in both kinetics and me anism_ (Table
3). A probable kinetic explanation is given
|ater for (4-order term with respect to
D?Iucose

t is now possible to establish a kinetic
rate law consistent with the above observa-
tion. As will be discussed in Part II, it Is

T

LOG k,,

A1 1 1 1
02 04 06 08 10 1.2 14 16 138
-LOG(g),

|rtrrltf| K. versus |
§« at dlfer%n '[%?np gtur%s 0g K,, Versus 1og
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-2.2 T T T

LOG kg,

-4.4 b

0.5 1.0 1.5 2.0

-L0G (6),

() Bt ift TR, o Kt verss g
very likely that only a condu?ated base of
the glycme ﬁmmq ,%roup will_ feact with D-
lucose In the Initial step. Eliminating the
seudo-first-orcer condition, Eq. 1 may be
rewritten as:

- d(6)ldt = —d(g)ldt = (1)t =
o MBONIETA )T [
"RIE (CH2C00-)liCH2COCN (H4) =

mle LIH;,

Resthatgin £q. 10,

<N(Go—) (g*Kb(H*)) =k,dt
and integrating this. expression vig partial
fraction, and eValuating the integration con-
stantat| = Oand t =0,

- =0 (g+/Kb(H*))(G"-1)/
B K[
From Eq. 11, | can be expressed as follows:
. (G)o(gyKb(1G)(e-kI'G <ITKAHD)]-\)

In the presence of excess glycine, Eq[.l%

911
Table 3 Slopes of the plots in Figs. 3 and 4.

Temperégure Slope of plot of Slope of plot of
&

log Kst vs."log (g)o log Kstvs. log (G)o

99.0 097 047
89.5 0.92 057
80.5 0.92 049
69.0 091 0.50
570 091 0.50
Av 093 051

takes the following form, b being now iden-
tified as glycine :

d(Bp)/dt = k3(1-Bp) (Go—Bpy-  [13]
where X-order. term apgears In accordance
with the result in Table'3. Under the condi-
tion of comﬁ]arabhi cancentrations of G and
, We have the following rate expression for

e rate of formation of total B products :

d(B)/dt = k2+k*((g+/Kb(H *))-B) (Go-BY 2

(G)o(g*/Kb(H*L)(vkl' If i)~
\ (g*/Kt(H*) )e~k ' g°~GiGKd(H-)) I» _(G)o :

Under pseudo-first-order condition and keep-
ing G_relatively constant, Eq. 14 can De
Bt e Kol )
t=[K, + ~))—
oo VY g
E%. 15 can then be used to account for the
In TCtIOﬂ gthomena. Kt can be used .to
evaluate kst from the foIIowmgi relationship,
where 9 i agprommate_l equal to the origi-
nal concentration, as will be evidenced from
a fracer experiment to, be reported In Part
[V of the series, K & being equal to the right-
hand side of Eq. 15:

(ay (l-c-Y)
k-j+ki (<] [(»X.I-cV'
Wt S IOX V] o] s
(pld-c-h?) ™ .

Where | 1S ¢ Tal to the inductjon period, ..
and B Is equal to ,ag roximately zero_ at the
end of the induction period. ‘In ,prmurple,
values of k2 and kAcan be determined from
the plot according to Eq. 16 if accurate data
are_avajlable, ,

The fact that a /-order term with respect
t0 D-gluwfe In the rate equation may Indi-
cate complexity is a manjfestation of the
complex naturé of the Maillard reaction. It
I difficult to see how D-glucose participates




912

KINETICS OF THE MAILLARD REACTION—I

Table 4. Thermodynamic quantities of the activation in the Maillard reaction at 330°K.”

k(sec-1x|o=-)
h =5%
k, =78

“A Is Arrhenius fr
are es(necttveHy entha

A (sec-1)

2.64X105
2.46x10°

161
21

in the stead}/ Phase reaction. However, jt
can e specu ated upon by assuming the fol-
lowing scheme : y

G5+ 1
assuming that hoth S\ antf S2 contribute to
the formation of B by termolecular reaction :

1+ 2580 5]

-state treatment then rt/lelds the fol-
over-all rate exL)ressm

d(B )/Et{ = an (tGQ/td(') vy

where 1|s given by Eg. 12. No attempt can
he ma e to dau'g%est the nature of the Inter-
mediates an and the mechanism of re-
actions 4 and 5 must be highly speculative.

Stead
Iowmg

The vahdlt of the observed rate con-
stants ke anal kst, was establ |shetfi % the
|near|t of te plot of |og agatnst UT

% ()) ermodynamtc uantities calcu-
lated from the data” on temperature depen-
dence of the reaction are qiven In Table 4

It aP ears from Table 2 that both |n|t|aI
ﬁ ater steady-phase steps of the reactlon
Caave Neg attvgteotropy 0 act;gaattton espe-
| k1, althoy vely low.

nyas shown that bgoth k| ant? ksf of they reac-
t|on were ind %pen dent of ionic strength sug-
gestln that the rate- determlntnq fransitio
tate complex con3|sted of oppos ely charged
species with equal magnitude.
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Kinetic Behavior and Mechanism of Inhibition in the Maillard

Reaction. |l.

SUMMARY

The mechanism of the initial Maillard reac-
tion was investigated in kinetic, autoradio-
graphic, spectroscopic, and model studies. Re-

sults indicate that the initial reaction involves
the formation of glucosylglvcine from alde-
rdrc glucose and the free amino group of
T)/crne followed by base-catalyzed conversion
lucosylglvcine into a,/J-unsaturated aldimine,
with the steady-state concentration of the latter
accumulated during the induction period and
undergoing subsequent reactions to yield tnela-
noidins. Evidence to support this mechanism
is presented and discussed. Also proposed is a

possible mechanism for the melanoidin forma-

tion in the reactron Side reactions grvrng rise
to products of “browning reaction,” such as
from hydroxymethyl fur
sidered.

INTRODUCTION

The earlv stage of the Maillard reaction
has been progosed to involve the formation
of an N-substituted D-glucosyl amine
Lea cheela d Kleiner, 1952 Wey
g compound similar to' 1-q]
rneD ucose h
callg/ rsolated in crystaIIrne form by passrng

actron mrxture thr gu%ha cellilose co
Lea and Hannan, 1
Katchalsky ang Sharon (19530% roposed

name cine-D-glucose  (Hannan and
tgtg tt.
een chromatogra
umn  (Mack rnnev an Ichester. 1952
the subsequent formatron of S ?fs hase

rom substrtute rgucos amine,
ﬂ%e { and others {Ba ne and
952: "Pigman et al., 1951) postu-

Iated that the Amadorr rearrangement  of
N-substituted D-glucosylamine qccurs as a
subsequent step in the reaction, finally yield-
ing the brown’ melanoidins. One_of the re-
arrangement products, N-substitu,ted 1
eoxF¥ -amino-D-fructose, has been rsolated
ichards _(1956). .The Amadori re-
arrangement is acid-catalyzed (Weygand,
1940()J and the rearrangement  products

fgural, were not con-
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Mechanistic Considerations in the Reaction

Between D-Glucose and Glycine

h’

undergo browning decomposition at alka-

line pH, and the Tate of tne coIor develop
ment 1 copsiderably enhanced b a rtronaI
amino, acids Rist. The

gHodge and R
partrcrpatron f amino acids in the brownrng
stage f the reaction was kinetically con-
rrmed in the P %sent studies (Part
Evidence for the formation of enolic’ inter-
medjates was discussed by Ellis .
Enolic compounds were recently reported
0 react rea Iy with amines to_form colored
PN ymers (Dubourg and Devillers, 1962).
€ sup ort the rmportance of enofic “Inter-
medrates In the Maillard reaction, since the
over -all Maillard reaction is accompanied by
lp H decrease. 1t 15 likely that the enol
form of an Nsubstrtuted g n%/oosy amino
acrd Iowers the Ka of the amino acid car-
roqu in a dition to pH changes that
can be att buted to the change in PKa of
the, carb ox% group as the™ zwitterjonic
amino acid ecomes N -substituted D-gluco-
syl amino acid derivatives other than the
gnol. A general mechanism will be proposed
I which’ the a,/3-unsaturated enolic_ nter-
medate plays, an important role in  the

Marrljard reactron 0 Pt |
e present paper (a successor fo Par
presentE the re ult)s ot( studies on the mecha
nistic aspect of the hMarllard reactron and
feviews, some .mechanisms proposed
others in the light of qur frndPg nd thg
icable to'S stems of

general mechanrsm a%)l
eactants other than D-glucose and glycine.

EXPERIMENTAL

Materigls. The_reagent-grade compounds used
were as follows: D-glicose from Merck and Co.;
methyl-a-D-glucoside. D-arabinose, glycine, .DL-
sering, a-alanne, and (3-alanine_from ~Nutritional
Biochemicals Co.; D-fructose, 2amrnngIucose
propronaldehyde nheptaldeh;de caprona dehyde,
p-hydroxybenzaldehyde, and 2-propenal from East-
man Ordanic_ Chemicals ; paraformaldehyde from
Aloe ScientificCo. ; ascorbic acid, USP, from
Hoffmann-La Roche: and aniline from J. T. Baker
Chemical Co.
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Synthesis of glucosyl glycine. Twenty _Of
D-tlﬁucose and 28 ([1 0 gl¥cme in 140 ml of dried
methanol were_refluxed™ Tor 5 hr. Fifty ml of

methanol and 50 ml of acetone were addéd to the
reaction mixture, which was then reheated to dis-
solve the mixture. After filtration the filtrate was
mixed with 300 ml of acetone and kept in the
refrigerator overnight. Small amounts of precipi-
fates™ were then ‘Collected to be washed with
methanol-acetone (1;4) several times. The washed
precipitates were Oried In a desiccator under re-
duced pressure and were recr%stalllzed from
methanol-acetone as described above. Needle-like
cr%/stals were obtained with a yield of Q.11 g. An
atfempt to prepare this comgound by the method
of Micheel and” Klemer (1952) was not successtul.
Analysis: X, 5.95% 2(calculated), for QHHO-N.N,
5.79% (found), mp, 258-259° (found). _

Preparation of reaction mixtures. REaction
mixtures were prepared as described previously
(Part 1). Reactants other than D-glucose and
glycine were prepared in the same way.

Kinetic run. The reaction was Tollowed as
described previously (Part 1).

Spectroscopic examination of reaction mix-
tures and products. Spectra of reaction mixtures.
To follow the_reaction more closely, UV spectra
of reaction mixtures were measured occasionally
with a Beckman DK2 spectrophotometer. Spec-
trum,_ 4 in Fig. 1 shows & typical spectrum of the
reaction mixture during reaction.

The spectra of the samples that follow were
measured in the same manner unless otherwise
specified.

Spectra of ether or ethylacctate extracts of
reaction mixture. Extraction with ether or ethyl-
acetate was done in an attempt to isolate some”of
the unsaturated intermediates which may form
during the reaction. UV absorption spectra of the
extraCts were taken. Usually, 5-10 ml of aqueous
brown reaction mixture were extracted with 50-100
ml of ether or ethylacetate, and the extracts were
then concentrated “in vacuo for spectral measure-
ment in any desired solvent. _ _

Separation of intermediate(s) on aluminum oxide
deposits. - An attempt was made fo isolate inter-
mediate (s), which m_ax( be so reactive that isolation
from the reaction mixture |s_Pract|caIIy Impossible.
Isolation would be possible it intermédiate(s) arc
adsorbed (trapped) on an adsorbent in the reaction
vessel as soon as they are formed in the solution
thereby making the reaction stop. About 5 ¢ of
aluminum oxide granules were deposited at the
bottom of the reaction vessel, containing 100 ml
of reaction mixture at 55"C. The reaction was
retarded to some extent by the presence of the
adsorbent, although some™ malanoidin  products
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were formed at a later stagze of the reaction. The
absorBtmn spectrum of ether extract from the
adsoroent was taken in water (Fig. 5). Some
melanoidins were also adsorbed on”the " deposits,
but they were not eluted by either ether or ethyl-
acetate “extraction. o N
Preparation of melanoidins. After sufficient color
was (eveloped (more than absorbance of 2.0),
200 ml of L1 D-glucose plus 0.5.1/ glycine mixture
were dlal¥]z_ed against running water for a week,
during. which mgst of the reactants as well as
low-midecular-weight brownish-yellow compounds
were dialyzed ot The dark-brown ﬁo_lymers
melanoidins) were_ then collected, and theif UV
Fig. 1) and visible spectra (Fig. 2)
recorded. _ o
Bromination test. 10 Obfain, (iualltatl_ve infor-
mation on the structure of the intermediate(s) . of
the reaction, the bromine addition test was carried
out occasionally for the reaction mixture. Since
enolic compounds have been suggested as inter-
mediates I the Maillard reaction, and bromine
adds to enolic double bonds, instantly, the test
would indicate their presence in the mixture. The
procedure of the test is given by Feigl (1960).
Paper chromatography and autoradiography.
An aliquot of reaction mixture was chromato-
graphed” to follow the reaction patterns. Filter
Papers used were Whatman No. 1 for most ahﬂuots
of the reaction mixture, and Whatman No. 4 for
gluconic acid. The solvent systems employed for
thromatography were as follows :

Were
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Solvent - Composition (V/V)
system -

I n-butanol-acetic acid-water (4:1:1)

[l isopropanol-water (4:1)

[lia  n-butanol-ethanol-water” (4:1.1 :1.9)

1 n-butanol-ethanol-water (4:1:5)

V" ethanol-pyridine-water-agUeous

ammonia (30:10;8:2)
n-butanol-formic acid-water (4:1:5)
VI isopropanol-isoamylaleoliol-water
F?):l:l).

Autoradiography was done for the radioactive
reaction miXture " chromatographed on Whatman
No. 1 gag(er. The paper chromg o?rams were placed
on 3.3 X 42-cm Kodak Medical X-ray films and
%:_overed with a film exposure folder for the required
ime.

Preparation of radioactive reaction mixtures.
D-Glucose-Ci" and glycitie-Ci" were obtained from
New England Nuclgar Co. The following systems
containiig tracer reactants were studied :

. D-Glucose (IM) plus D-glucose-GL (5,33 X
I0-"MP1, specific activity™ 104 inc/mg) and

lycine (0.53)) ; _

IT. D-Glucose (1A/} plus_glycine (0.5A/) _and
%IXcme-Cl“ (797 X 10"MI] specific activity
29 mc/mmole).

Radioactivity counting. Radloactlve Strl_pS
from paper chromatograms corresponding to radio-
active areas determined by autoradiography were
counted on an automatic scanner using a gas-flow
counter (Tracer Lab Chromatogram Autoscanner).
Spots located by autoradiography were cut out ard
counted. in a liquid scintillafion spectrometer (Pack-

ard Tricarh Model 314 FX-2) immersed in a
1.0 : — —
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Fig. 2 A typical visile Spectrum of melanoid
inFl, 2 A typical visible spectrum of melanoidins
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scintillation liguid (0.6 2,5-diphenyloxazole plus
0.05% 1 4-bis-2-(5-phenyloxazolyl)-benzene in tol-
uene) (Davidson, 1962).

RESULTS

pH profiles of the reaction. Flg SShOWS pH
rofiles of the reaction and of the reaction between
-fructose and glycine. pH profiles indicate that
the reaction Is stront{;l catalyzed by base, (perhaps
general acid-base catalysis).” The Similarity of pH
profiles of glucose-glycine and . fructosé-glycine
systems suggests that”the behaviors of the” two
systems toward base catalysis are identical.
Comparative rate data on the reactions with
various analogs.. Table 1 shows for various re-
actants the induction periods from which was calcu-
lated (Part_ 1) the rate constant k. and_ rate Kii
and k,I. 1t is assumed that the reaction with differ-
ent analogs follows a general reaction scheme
analogous to that of the -qucos_e-gIzmme system,
since ‘orown products produced with® these analogs
always showed broad UV and visible spectra and
kinefic behaviors that were apparently the same,
All. reactions were enhanced by higher pH and
inhibited_ by sodium bisulfite, ds in” the reaction
of the D-glycose-glycine system. _

From Table 1 and additional experiments the
following_ results can be summarized:

a) D-Fructose is considerably more reactive than

T T

T

LOG k

n .
2 4 6 ) 10

pH i
files of .the rE?CtIOHS of glucose-
ky,cme systems.

e

Fi% 3 pH pr
glyc eang ,fé 8YO% -
fan 8;%%13 gya&jr%ed at \M D-glucose
C:e.in IM D: ?{Jctos’e plus 0.253/ gly-

¢jne’ reaction
D .gz 3‘?"8@/&?88 at IM D-fructose plus
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t|on£agr§ &3%%%? %astslvS ateEe oq o dlfferent reactants at 55°C. The pH's of aqueous solu-
D Gl RERfIaDtS t (min X 10_3) tglta TgiTa “ (Mf‘:b% isstti EStS
ucose
D%I){cme ((%%5 691 I 1 11 1 1
ucose
0 % {\Iamn((e {2) 25) 533 13 128 0.56
Ucose
D% IAlalnlne@& 25) 176 39 38 0.18
ucose
D/IA:mImte( I5) ca 08 ca 85 a
ructose
i 02 v wom
Glycine [SO 2(5 _ 108 6.4 419 0.17
a-l\élethyl Oglgjcosme(OS) 30 1
cine : .
2Ar¥mo -glucose (0.5)
DH 25 106 07 32 22
2-Amino-D-glucose (0.5)
Glycine (0.25), pH 2.8 0 0 368 0.19
2-Amhino-D-glucose (0.5)
p 0.04 168 942 0.007
Ascorbic acid (05)
Glycine (05 H 34 1 84b AT 0.29
Ca ronaldey F
s ycme 1 361 09
(?I cine é% 2'5)4 144 45
Pro |onaI 8h d)e(l) 04 08
Pa(r;a ormadeh de (L0%) 0'52 6I9
lycine (0
5 a & ot thg ra rx H Iavsee mgcg?n (ﬁ%rrlgtqts)nforsu Sg“pctose agﬁdtrée rg Ce'c ?ve Stere eraqg

arfalogs ﬂ

BIJl a%zg aine ?r(fm
@# e&anoi

D-glucose. FH profiles of the reaction cIoser
resemble that of glucose- Ez)cme system (Squ
The reaction mixture of D-fructose an cine
at the end of the induction period was srongly
posm[}/e to the bromination test for enolic com-
ounds
pb The induction Igerlod IS practlcallg non-
eX|stent in the 2-amino-D-glucose reaction. Since
the induction period is k|net|call a reciprocal func-
tion of the formation of infermediates In the
reaction, m|n|m|zat|on of induction period in
2-amino-D (I;Iucose reaction is of great 3|gn|f|cance
for elucidaling the _reaction mechanism.” During
the reaction, dmmonia was released as detected by
Nes?Iers rtea ent, and bromination for the reaction
mixture a

e start of color development was
positive.

%snot ossﬁg qecause oft
ata using ucose and

rg’\}ﬁ|8/ygler¥eelg egl_fiuo; L{I]g the reaction.

¢) a-Methyl-D-glucoside has a considerably
Iont[ler induction périod and Slower K.t mdmatmq
that the aldehydic form of glucose Is the reactan
to be attacked by the amino nucleoghlle

d) The rate "of formation of brown products
from ascorbic acid and gIche IS greater than
that of the D-glucose and glycine system. 1t is to
be noted that_ ascorbic acid’is a reactive enol.

e D-Arabinose appears to be more reactive than

%ucose while aliphatic aldehydes do not seem
to e particularly reactive ‘althou?h a comPanson
of the rate of reactlon of the lat hat of
D-glucose-glycine is not meaningful, because of
the” differeit’ solvent and concentration used).

Chromatography and autoradiography of reac-
tion mixture during induction perigd, AN allquot
of colorless reaction mixture containing C¥ reac-

er with
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Rf 0.06 0.095 0.143 0.298 (in Solvent VI)
0.0 0.093 0.143 0190 0.490 (in Solvent 1)
083 O

R

|rg. 4 Autoradiogram of the reaction mixtures
after’3 days: .
of D-glucose-CH plus glycine

éﬁ\lg}gbw I lycine-C1
Thet solv nt'us?aq W&S%l a%ﬁcﬁes BP ﬁwg V sg?céwe
spotsin the solvent systém 11 are also indicated.
tants during the induction period_was chromato-
graphed and autoradiographed d(FIP' 4). There
appear to be only two initial products of relatively
high, concentration from D-qlucose (Rr 0.298) and
([ﬂycme {Rf 0.143). Separate chromatograms with
e two spots (RT 0.06 and 0,095) and reactants
were sprayed with n|nh¥dr|n, benziding, and
m-phenylenediamine reagents. Qualitative tests
showed” that the compound with Rr Q.09 was
slightly  ninhydrin-positive and benzidine- and
m-phem{_lene lamine-positive, and that with Rf 0.06
(synthetic N-D-glucosylglycine has Rr 0.07) was
benziding- . and “m-phenylenediamine-negative but
sllghtly ninhydrin-positive,
rom the results of qualitative tests and cochrg-
matography with synthetic N-D-gfluco%%lycme, it
IS concluded that the compound ot Rf 0.06°is prob-
ably N¢D-glucos_ngIche, which may under%o
consecutive " reaction” 1o yield the compound of Rr
0.0%. Qualitative tests™ for the compound with
Ri 0.095, as well as the ratio of radioactivity count-
ing of the, spot from ﬂlucos_e-C14 and_glvcine-CY
reaction mixtures, are shown in_Table 2" Bnomina-
tion test for the eluate from Rr_0095 in solvent
VI or Rf 0.11 in solvent [lia in Table 2 was only
sllghtly positive, owing to low concentration.
Ithough further proofs are needed, it aggear_s
from Table 2 that the compound of Rt 0.095 is
probably a,/3-unsaturated enolic aldimine which

KINETICS OF THE MAILLARD REACTION—II

may be in e%umbnum with the keto form in water,
similar to the compound isolated by Richards
(1956), . since a./3-unsaturated aldehydes or aldi-
mines give a rapid positive test with” m-phenylene-
diaminé whereas saturated compounds are less
reactive. (McWeeny and Burton, 1963). As dis
cussed in the section on inhibition, the reaction
mixture at the end of the induction period_con-
sumes a significant amount of bromine. These
results suggest that reactive intermediate(s) and
malanojdin™ precursors are  N-substituted” “enolic
derivatives.

Identification of hydroxymethyl furfural.
Paper chromatograph¥ of a reaction” mixture re-
vealed the presence of HMF, as identified by co-
chromatograﬁhy with authentic HMF. The Chro-
matograni showed a number of sRots with lower
Rr values than HMF, which also has a character-
istic yellow color with benzidine sBra on the paper.
The Tesult is shown In Table 1 Part I. The same
spot can be obtained from ether or ethylacetate
extract of the reaction mixture. UV spectra of
ether and ethylacetate extracts resemble that of
authentic HMF (see spectra C and D. Fig. 1).

_ Adding a considerable amount of HMF to an
initjal reaction mixture did not shorten the inductjon
{Jenod significantly. The kinetic result conceming
(hs r(t)lel)of HMF s discussed in the previous paper

art 1),

Separation of reactive intermediate(s) and ab-
sorption spectra, OINCE a,/3-unsaturated aldehydes
(for example, 2-furfuraldehyde) are r_eadll¥ ad-
sorbed on ‘aluminum_oxide from organic solvents
(Kholkin and Reznikov, 1959) we attempted fo
isolate some a,/3-unsaturated aldehyde! s? or aldi-
ming(s) from the reacting mixture of glucose and
glycine” by means of adsorption_on an” aluminum
OXide granule. deposit as described earlier, Al-
though “hydration was expected to be extensive, it
was “possible to elute adsorbed substance on the
deposit with ether, and an absorption spectrum was
taken (Flﬁ' h).

The ethereal eluate from the adsorbent gave

self-browning on standing at room temperdture

Ientngtl)? %h angtggl\\//% nt{ests Pef aper chromatograms for the compound of Rr 0.095 and equiva-

S5

IncorForation
ratios of

g)[l) s|¥eenr1] ! Rr g léj Icyocsien_ec- (1:41}0
VI 0.0% 119
h. 0.143 1320
Ilia 0.110 1076
0.11d

(0] On%é neafing a was requl

Ninhydrin Benzidinen m[flgrent:%éene
x + +
+ + +
+ + +
+(

BEaI?uIate%?from aergegé_gbg%poratlon oﬁeagdwactlve glucose and glycine.

“Réportey (RCTAt, 1956)
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for two days, indicating that the compound(s)
Isolated are"of reactive nature. . Aqueous splutjon
of the_eluate was also positive in the bromination
test. The eluate had maximum absorption at 276-
218 mg, whereas authentic 2-furfuraldehyde has
absorption maxima at 276 and 229 mg, and HMF
at 283 mg. Thus, the compound in the eluate can-
not be HMF. Althou?h the absorption maxima of
the eluate and of 2-furfuraldehyde are close to-
gether, the shapes are somewhat different, espe-
cially in wavelength regions higher and lower than
the ‘maximum  absorption region, Stégfgfestmg that
the eluate has either substance(s) different” from
2-furfuraldehyde or some other ‘compound along
with 2-furfuraldehyde. However, it seems unlikely
that 2-furfuraldehyde (Co) is formed from D-glu-
cose (CB under” the mild conditions employed.
Paper chromatography further showed no 2-furtur-
aldehyde in the Teaction mixture of the D-?Iucose-
(.}Ir\]/cme system, although HMF was detectable.
e absofption spectrum, obtained from the reac-
tion mixture of the 2-amino-D-glucose-glycine sys-
tem is also compared to showa similarity of the
mechanism with respect to the structure of the
intermediate $F|(r1. b), as Is discussed later. The
brown ﬁroducs rom 2-furturaldeh¥]de and glycine
after ether treatment and dialysis Showed a differ-
ence. in_absorption si)ectrum from that of mela-
noidins from the D-g ucose-ﬁlycme_ reaction, again
s_ugge_stm% that 2-furfuraldenyde, if any, is not a
significant contributing intermediate in the D-glu-
cose-glycine Maillard reaction (Fig. 6).

Fig. "6 shows that the absorption Spectrum of
brown products from 2-furfuralaehyde and glycine
has a small_spectral shift in 80% ethanol from’ that
In water. The, spectrum of melanoidins from the
D-glucose-glycine reaction, however, was almost

1.0
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unchanged in 80%. ethanol. The shift from 2955
mg in Water to 2975 mg in 80% ethanol in Fig. 6
may he partlalgl due toan n 0 transition, and
the shift toward shorter wavelength at lower_wave-
length. region in 80% ethanol car be due to #-> it*
transition: - . o

From these results, it is thus difficult to identify
the spectrum of ether elyate from the aluminur
oxide adsorbent as that of 2-furfura|dehyde. Fur-
}hter examination of the spectrum will be’ presented
ater,

Reactions with model comﬁounds. It is not
unreasonable to generahze that the “browning” of a
solution of aldehyde and amino compound “shown
In Table 1 follows a general mechanism analogous
to that of D-glucose-glycine. S){_stem, 8. can be
seen from the " comparable Kinetic behaviors and
spectt_ra of the respective products in each model
reaction.

Absorption spectra_of 2-amino-D-glucose reaction
mixture.  2-Aming-D-glucose was. chosen as a
model compound becalse of the similarity of its
structure to that of D-glucose. Drozdova (1957)
reported the formation” of brown products™ from
2-am|no-D-FIucose solution. _

UV spectra of the reaction mixture and dialyzed
Products were shown to closely resemble those of
he D-glucose-glycine reaction, ‘as shown in Fnr;. 1
The absorption, spectrum of an ether eluate
the reaction mixture is also_shown in Fig. 5.

Reaction of 2-propenal until glycine. As a model
compound analogous to a possible intermediate
with a _chromophore —C=C—C=N—, the reac-
tion of 2-propenal with (_1I_ycme was determined, and
the kinetics of the formdtion of brown products was
followed. A, Rlot_ of absorbance increase against
time gave biphasic curves from which the initial
rate _(gAD and the rate of subseguent steady-phase
reaction (AT,) can be evaluated. Biphasic™ curves
appear more distinctive in the plot of first-order

rom
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and products are shown_in Fig. 9. While unreacted

2-propenal absorbs at 3138 mg by n-» 7 transi-

<i,£-glucopyranoscs

Hdr?(l* +r
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é)parent pseudo-
k'.I) can be

NH3CH2C00-

THE MAILLARD REACTION—II

tion (cf. 3278 mg_in alcohol, Evans and Gillam,
1043) and at 2065 mg by t-*w* in water, the
ether-treated reaction mixture with brown  color
shows nq absorgtron peak at 3135 mg but has a
characteristic absorption maximum of semicarba-
Zl%@? chromophore at 269 mg (Gillam and Stern,

DISCUSSION

The initial step of the reaction can lie de-
duced from the pH profile of the reaction
shown in Fig. 3, in which the rate increases
considerably as the pH approaches the pK
value of glycine (pK2 = 7). A reagent
with a high pK value is thus expected to
react faster, as is confirmed hy a higher rate
of reaction with 0.254/ /3-alanine (pK 2 =

19) over that with a-alanine (pK2 =

, as shown in Table

It is also found that a-methyl-D-glucoside
is far less reactive than glucose, whereas
D-arabinose, which forms less stable hemi-
acetal, is more reactive, suggesting that the
free aldehydic form of D-glucose is being
attacked by a nucleophile (free NH 2-group ).

Since Cl4-incorporation into the interme-
diates shown in Fig. 4 can be taken as ap-
proximately a ratio of unity, the following
reaction appears reasonable:

*OH

Hg(eZH +nh2 chXoo- h-c*nchZoo-
nelon ki
1irJon
EHoOH CHIOH
H* [F
hc nchZoo-  f(iicnhchXoo- CIT-NHCHXOQO0 4
Hol Hlon ko HOHAOH- (=0
‘hii ‘hoh Choh

keto, t-deoxy-1-
etglvgr(rjr%%fructose

Table 3. Kinetic data on reaction of 2-propenal and glycine to yield brown products at 55°C.

ST
10 0.25 56
01 05 54

K x (M-I min"1)

497 X 102

kst (M 13 min-1) (min-1)___ kst (min-1)
414 X 10 0195 376 X 1(%3
012 6.40 X 10
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Katchalsky and Shargn (1953) also as-
sumed a mechanism analorqous to"the above
with the initial rate-determining step k
Subsequent reaction may involvé formatron
of an a/3-unsaturated aldimine from the enol
above, as Is indicated by results from Cl4
rncorporatron ratio, bromination, absorption
Pectra of the reaction. mixture, and the elu-

ate from aluminum oxide adsorption.

HEANCH 200- HC = NCH.COO-
E)c1> oh dOH
HOA-CH - UH
CH,OH CHoOH

It is to be noted that enolization ?f D- gl
c0se IS base catalyzed (Wolfram etal., 1947

Indlirect evidence to_ support the above mech-
anrsm IS now available from the present

stu
Frrst the fact that D-fructose reacts faster
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1 1 ) I E—

I Ul Lo ot

A: 1|\_|/|52propenal plus 0.252/ glycine at
B: lt_lt/t) } propenal plus 0.5M glycine at

UCFS rom

with chrne can be explained by the follow-
Ing gchanism:
CH-OH CHOOH Cll0OH
|
SOFCL  _xHZ2HZ00- HO'C7YgH-.COO- C=NCIToCOO-
HO- -C—11 "OH~
CHOOII CHoOH h
CH20H
CH..OH CHoOli
c-Nnc1.coo- C=NCH 200-
HOC Hoa
lie, OH
CHoOli
CHoOII

The compound obtained above is analo-
0us to the structure of a/? unsaturated aIdr-
ine from D- rr? UCose an % ycine, Z
saturated_aldiniine so orme woud ccount
for bromine consumption Yt e D-fructose-
glycing reaction mrxture at the end of the
rnductron errod Both reactions of glucose-
g cine and ructoseglycrne systems were
inhibited by added broming, as will be
drscussed in Part IV

Second, 2-amino-D- glucose Was chosen as
a, m?del compound because of rtf stryctural
srmrarrty 0 qulucose Results ~ showed
t at 2-amino-D gcucose IS much more reac-
five than un ose, .the Induction period
berng practically eliminated even i the_ab-
sencé of glycine at about pH 6.0. The
mechanism™of this reactjon, a?arn IS explaip-
able In terms of the formaftion of an a/3
unsaturated aldimine intermediate;
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HC=0 HCKO"
HC+NHs HC™\
+, HOI nh3
hoc’h™oh-
chbh CH-OH

The ohservation that die Nessler's. test
and bromination were positive I copsistent
with the above mechanism. As can_he seen
from Fig. /. UV spectra of the reactlon mix-
ture and’ dial zed products Closely resemble

those ofte ucose-glycine reaction sys-
gegn | th alsogsu es?s Xhat the |nterme%|

2am|nngIucose reaction 1S
analogous to that isolatéd from the 1)-glu-
cose-glycine reaction mixture.

1.0

T
i

ABSORBANCE
o
o

L L L L
210 235 260 285 335

WAVELEN

9. Ultraviolet spectr enal

i e reaction mjxiure oaf ]j22pro penal i)A\Ps
0% e 0 water

gﬁ&ftf’egr removal of 2-propenal with

C: E%own products after dialysis for 3

Since a.yS-unsaturated aldehydes an their
semicarbazone chromophores * (—€=C—C=
N—) show their res ectlve absor tlon
maxima at 210-245 and 264-27
GI||?m and Stern, 19 nz the spectrum, of
teeuate rom aluminum’ oxide adsorption
ma e Clue to a semicarbazone chromg-
P re suc as a,/7-unsaturated aldimine In
he Presentmchamf gg Sc) It IS note-
waorthy that the colorless reaction mixture
before” the Induction period. is over absorns
at 273-277 mix, which, ag;am suggests that
an intermediate’ such as a,/8-unsaturated aldi-
mine with a semicarbazone-tvpe chromo-

KINETICS OF THE MAILLARD REACTION- -II

HC=XH HCXII-
HC he
1> Hod 0=d
CH-OH CH-OH

phore _is being accumulated during the
Induction period (see Fart 1Y).

From the results, it 1S ug esteg that
a/3-unsaturated  aldimine pla efinite
roIe as an intermediate in the aillard reac-

tion, followed b¥ further reactions to yield
melanoicling, Afthough Amadori rearrange-
ment_ s significant in the glucoseglycme
reaction, it 1s not a general reaction common
to systems. of anaI 0s such as 2-amino-D-
gnucose which, becalise of the J)resence of
2-amino group, does not undergo Ama-
dori rearrangement.
Further évidence in favor of the a/3
unsaturated Intermediate 1S obtained. from
stydies with model compounds In which an
a/3-unsatyrated bond is present. From the
Iphasic. behavior of the kinetics of the
i rownlng” of 2-propenal in the presence of
gn yeine shown in Fig. 8, and from the fact
at no induction erlod appears in the reac-
tjon, the foIIowmg mechanism can _he de-
duced under pseudo-first-order condition :

derv
CH-=CHC Ki hotcéxch-coo-
!\‘HZ H ki (l,in k-
CH-C00 ch
Bo
iic=nchXoo-
CH ket Brown products
U, nhZilCOO-  (liondialyzabk Jlymers)

B,

If In, B-, and intermediates between Bi
and B- ‘contribute to c?loratlon of the reac-
tion mixture being followed by absorbance
Increase, and If accumulation ‘of a steady-
state concentratlon of aldimine, (B1, for
example) must be requwed rior {o an
further ‘condensation of aldimine W{g
steady-state concentration can be estintated
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bﬁ’ extrapolating the upper straight line to
the absorbance axis in Fig. 8),the above
hypothetl_cal mechanism “would El,ve two
straight lines, analogous to data in Fig. 8:

d(%B,,)/dt = k2(Bo) +

[kst(g& - M (Bi) h
F teady-state approximations with. re-
SDeCt 0 edagﬁ’ Oildt aé)dp iﬁé\ﬁ(}’ the Tollow-
IN expressions can be obtained :

R By

B) kI kZ(A).. |

where %A) Is concentration of 2-propenal.
Jvhr%]tste rt] e following over-all rate law can be

4(28,,)/dt

2k-2]k-ikst

kik2[Mff) + M (A.
[1+ kk2k. st "
[Ay(ff) + k2] 1
kst K\ + koJ-2] '
= k\ (A) +Kk'st(A) = (k'i + k'st) (A).
_Ap1proximate values of k\ and k'st are given
In Table 3

The mechanism above is consistent with
UV spectra of the reaﬁ,tlon mixture (Fig. 9).
The solution of the aliguot for Spectra B in
Flg. 9 (which may be due to an intermediate
such as Bi in the above mechanism) I
brown-colored. 1t is to be noted that pro-
pionaldenyde (saturated. analog of 2-pro-
panal) IS unreactive with respect to the
Induction Penod and formation of brown
products, It Is interesting that ascorbic acid
with a/3-unsaturated bond also produces
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browning, but much faster than D-glucose.
These model studies, again, su? est that the
formation of a/3-unsatlirated aldimine is re-
sponilbl for the intermediate step in the
Maillard reaction.

Information i, lacking on the subsequent
stage of thte realhctlor%.h Itt |sI poslﬂ]ble, ﬂow Ver,
0.suggest a hypathetical, although specy-
_atlve,ggnechamsﬁ{J ased on t%e pregsentpflnd-
ings and the fmdm(];_s of others.

_ ase-cataI}/zed elimination of water from
a,J8-unsaturated aldimiiye appears to be
réasonanle

CH.COO- CHX00
N * OH- N
o CH
(LoH o COH
HOj EH 4
h
CHaoH 'h oh
CILC0O-  CHICOO-
N
v v
CoH ¢
H CH
CoH Hd
HC HCOH
CHooH CIloH

A subse%uent attack on these unsaturated
compounds by another amino group would
occur:

I-.cop.

CHaCOO- (ltH-.COO- aN- o

N
CH

ggH ((I::gl | COH  hycide transfer

H
H CH biOH ! co
coil “OH- cho* li
11 ;

CHyfpH

H
Eh, XiTcHcoo O 1 XHOHCOO-
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CH3
b e
&OHn Bn%nsa? lon” polymers)
Clon
11C=N-CI-120
O_
(H)
o,
CH2C00- ILCOO- GTLC0O-
N N
CH v > d:H
%ol n NH2CH2CO0O- HO, AXIICH.C00- ™ rctencliocdd
CH OH CH
He Hﬁ H
HCOH HCOH HGOH
diimh CHIOH HoOH

anionic polymerrzatron

melanoidins

|t must be emphasized that the structures
of the intermediates rn the above mechanism
do not necessarl %sent actual struc-
tures hut the atem ere is to show a
Proa le eype of reactron mechanism, occur-
rng In the Marllard reaction. Some indirect
evidence confirming, the propased. mechanism
[)et or the later stage of the reaction is presented

a() EIrmrnatron of several molecules of
water from D-glucose urranr the reaction
has been reported by Mailfard (1912ab,
191 Gg whrch Is consistent with dehydration
In thé present proposal.

bg he formation of reductones in the
reaction was su rT;ested and was, confirmed
In the studies of the reactions of %alactosvl
piperidine and model Amadori rearrange-
ment product 1-deoxy-I- Prperrdrne -D-friic-
tose with glycine and he formation _ of
reductone Was inhibited g the reducrng
agent (Hodge and Rist. 1953 ). The mela-

nordrns were also posrtrve toward the reduc-
tone test by Tillman's reagent and were
reduced b(}/ meth lene blue. ~Ascorbic acid
which rea I%grvsrrse to reductone reacted
faster. than ?Iucose toY rown prod-

ucts in the present studies. All of these
results rndrr ctly support the mechanism

to 1) and (I1). have been jsolated from a
4-(D-xylosyl-amino) -henzoic acid model
sstem (Kato, 1958) and an aniline-furtur-

aklehyde system (Foley et al.. 1952).

d) Both base-catalyzed infine_formation
(Layer,. 1963; Camppell et al. 1944) and
polymerization of a,/3- unsaturated rnI ne or
aldimine (Layer, 1963; Royals 954) are
well known, which is centraf to the pH g
files of the reaction and the propose
mechanism.

? Hodge (f1953 &qgested that the re-
peafing unrt of melanoidins is the following

ro 0sed.
Products whose structures are similar
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type: —(—C=C—L=C—)— In fact, in-

frared spectra of the products indicated the
peésence of £=C =

[ — —OH, and C=
(Reynolds, 1%63? These results favor the
progose mechanism.

In alkaline pH where HMF is little

for )_ed, the absorption at 283-284 nyi of the
reaction mlxtHre appears to. e
=ttt rather than n—t* transition
ing a consjderable conéugatlon along the
backbone of the D-glucosg molecule, as in
the #Ioposed mechanism. The _asmgnment of
> was tentatively established by the
effect of several solvents on the absorption
maximum (for example, 275 mx in "50%
ethanol, and' 283 mg in water).

,gi) In reactions of any aldehydes, espe-
ma_lX a,/3-unsaturated” aldehydes, with
amines, the mechanism of reactiont and struc-
tures of the products are comparable to
tlhge4 (g)resent proposed mechanism’ (Sprung,

h% Addition of hbromine and re_ducmg
agents (for. example, sodium bisulfite) t
the melapoidin preparations . bleached” the
orown color to some extent, indicating that
the structure of the product(s) and niecha-
nism are of enolic and oxidative nature,
respectively, resulting n unsaturation. This
IS also_ 1 accordance with the rProposed
mechanism, In which_ unsaturated intermedi-
ates and products with englic structure are
{mportant compounds involved in the reac-
on

) Oxidation (hydride ion transfer) and
decarboxylation in’the pr_oP_osed mechianism
may. be_significant in Initiating anionic poly-
merization. Decarboxylation "ot amino " acid
during the Maillard reaction is well known
(see, Tor example, Hodge, 1953)..

In conclusion, a general mechanism of the
Maillard reaction léading to the formation of
brown 0products (melanoiains) has been pro-
posed on the hasis of resylts of intermediate
studies, Unsaturated aldimines have been
found to he key compounds du_rmg and after
the induction period of the Maillard reaction,
as was established from Kkinetic, Spectro-

due to
Inaicat-

scopic, and qualitative studies. Further as-

Pects of the mechanism will be_presented In
ortt}commg papers on inhibition of the
reaction.
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The Anthocyanin Pigments of Black Raspberries

SUMMARY

The chemical structure of the major red
pigments of the black raspberries, Monger
variety, was elucidated. These components
were cyanidin-3-glucoside, cyanidin-3,5-diglu-
coside, cyanidin-3-diglucoside, and cyanidin-3-
rhamnoglueoside-5-glucoside. The pigments
were isolated, purified, concentrated, and then
separated into individual anthocyanins by col-
umn and paper chromatography. The sepa-
rated anthocyanins were identified by paper
chromatographic and spectrophotometric analy-
sis of the individual pigments and their prod-
ucts after specific chemical degradations.

INTRODUCTION

Black raspberries are frozen and ysed
primarily for remanufacture into punch, jell-
les, and Pres The color of the whole herries
is dark red, almost black. There is limited
mformatron in_the literature on the comPo-
srtrono the, |ments It has heen reported
that a ¢ anr | bioside 1S present In the
cultivate raspberry (WrIIstatter and

Bolton 9162 Harib and_ Brown E956)
showed that the pigment of red raspberries
%v&%gr))mposed of four components. Lamart
ments” in raspherries (Newbur% variet
were anthocy nrns and separate them 111t0
four fractjons b ga er cromatograpy
Fouassin (1956) also found four major%
ments_in red raspberries. Nybom (19
Identified cyanidin-3- glucosrde oy anrdrn
rutrnosrde cyan|d|n3 iglucoside, n can
icin-3-diglycosyl-rhamnaside In red raspber-
res (R. 1daeus). He also re orte a
Xylose-containing glycoside in black raspber-
ries (R. occidentalis). Harborne and Hall

), in a survey of Rubus species and
hybrids, e ortgd tha(s black rasgberr
secres contained cyanidin-3-glucoside, cyar-

n- rutrnosrde anrdrn -sambubioside,
Luh
ments of boysenberries are cyanidin-3-gluc

aPresent address: Hunt Foods and Industries,
Fullerton, California.

reported that the ‘anthocyanin p%-

anr IN-3- rutinoside. However,
19651 ?oﬁnd that the maior peg-

thamnoglucoside, and cyani rhamno-
glucosr 0-5 qlucosrde A relahonshrﬁl would
e expected 10 ex|st between t g ents of
boysenberries and raspherries sincé hoysen-
berrres orrgrnated from crossing blackberries
ra?B errres and o%nberrres 2 Cr0Ss of red

raspberry an erra

his paper presents identification of the
major anthocyanin qments of blac krasg
Derries, Monger varie )é and_ new evid ence
f%chosr afion in the osition In the pi
ments of this Amerjcan mmercral varret
Differences In the pigmentation of American
and European varleties of black raspberries

remain to be confrrmed
EXPERIMENTAL

Solvents and reagents. solvent systems for
chromatography of the anthocyanidins, anthocy-
anins, phenolic compounds, and sugars are given
in Table 1.

Chromogenic spraying reagents for location of
sugars and phenolic compounds in paper chroma-
tography were Partridge’s (1949) and Lindstedt’s
reagent (1950).

Isolation of the pigments from berries. Mature
black raspberries, variety Monger, were washed,
individually quick-frozen, freeze-dried, and stored
under nitrogen at —18°C. Seventy grams of the
crushed freeze-dried berries were stirred with 200
ml 1% HCI-MeOH for 24 hr at 1°C. After a
3-min blending, the mixture was filtered under
suction through Whatman No. 5 paper. The resi-
due was re-extracted with 150 ml of 1% HCI-
MeOH, and the combined filtrates were concen-
trated under nitrogen to one-half volume in a
rotary evaporator at 33+2°C. An isomolar amount
of lead acetate was added, and the white lead
chloride precipitated at 1-2°C was removed by
filtration. The anthocyanin was then precipitated
by gradual addition of lead acetate, separated by
centrifugation, and dissolved in 5% HCI-MeOH.
The precipitation was repeated, and the anthocy-
anin solutions were concentrated to one-sixth
volume as above.

The concentrate was extracted with petroleum
ether, and the aqueous phase was dried to a shiny,
microcrystalline violet-colored crude pigment.

Column chromatographic separation of crude
prgment The columns (5 X 62 ¢cm) were packed

sidle, a‘a/anrdm -3- dr%lucosrd o cyawrdrn-3-
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ANTHOCYANINS OF BT.ACK RASPBERRIES

Table 1. Solvent systems used in chromatography.

Solvent -
notatelon Composition Phase used Used for
BAW n-Butanol :acetic acid: upper Anthocyanidins
water, 4:1:5 by vol. Anthocyanins
Sugars
Phenolics
BuHCI n-Butanol:21V HC1, upper Anthocyanidins
1:1 by vol. Anthocyanins
HAc:HC1 Acetic acid :HC1l:water, miscible Anthocyanidins
15:3:82 by vol. Anthocyanins
1%, HC1 W ater:i.n HCIL, miscible Anthocyanidins
97 :3 by vol. Anthocyanins
15% HA¢c W ater:acetic acid miscible Anthocyanidins
85 :15 by vol. Anthocyanins
HACHCI:H»0 Acetic acid :HC1l:water, miscible Anthocyanidins
5:1:5 by vol. Anthocyanins
Forestal W ater :acetic acid :HC!1 miscible Anthocyanidins
10:30:3 by vol.
Formic Formic acid :HC1l:water miscible Anthocyanidins
5:2:3 by vol.
m-Cresol m-Cresol:acetic acid :water upper Anthocyanidins
50:2:48 by vol.
BuPy n-Butanol:pyridine :water miscible Sugars
10:3:3 by vaol.
BuEt n-Butanol:ethanol:water miscible Sugars
40:11:19 by vol.
EtAc Ethyl acetate :acetic acid : miscible Sugars
water, 3:3:1 by vol.
Collidin Collidin saturated with miscible Sugars
water
BeAW Benzene :acetic acid :water upper Phenolics
2:2:1 by vol.
EtAcW Ethyl acetate :acetic acid : miscible Phenolics
water, 9:2:2 by vol.
with Whatman standard-grade cellulose powder the isolated pigments were dried under nitrogen.

under suction, then washed successively with HAc-
HC1 (Table 1), water, and methanol, and air-dried.
The crude pigment was adsorbed from 0.1% HC1-
MeOH on 5 g cellulose powder and dried under

vacuum. This was placed on the chromatographic
column, covered with 8 g cellulose, and topped
with glass wool. Development was carried out

for 7-8 hr with HAc-HCI, and four distinct bands
were obtained. The cellulose was then extruded,
and each band was vacuum dried under nitrogen.
The pigment was extracted from the cellulose with
0.1%HCI-MeOH and rechromatographed individu-

ally by the same procedure to produce purified
pigment fractions.

Paper chromatographic separation of crude
pigment. Ten Whatman no. 3 MM filter papers

were streaked along the short axis with 0.30-ml
portions of the crude pigment. Development into
four individual bands required 10 hr at 21+0.5°C
in the ascending system using BAW . These bands
were cut from the paper, and the pigment was
removed by extraction with 1% HCI-MeOH. After
concentration to less than 1 ml, the individual bands
were rechromatographed in the same manner, and

Hydrolysis of pigments. Five mg of each of
the pigments obtained by column chromatography
were dissolved in 10 ml HCI-MeOH (1:2) and
refluxed under nitrogen at 105°C for 1 hr. After
cooling to —10°C, the mixture was filtered and
extracted with n-pentanol to remove the aglycone
moiety resulting from hydrolysis. The aqueous
phase, containing the sugars, was stored at — 18°C.

The n-pentanol solution was then mixed with
petroleum ether to precipitate the aglycone. The
amorphous mass was dissolved at 1% HCI-MeOH
and stored in the dark under nitrogen at —18°C
until chromatographic and spectrophotometric
analyses could be carried out.

Identification of sugar moiety. The aqueous
phase was neutralized with Dowex 1-X8 anion-
exchange resin which had been converted to the
hydroxyl form with 0.8% sodium hydroxide. The
resin was removed by filtration and washed with
methanol. The combined aqueous and methanol
solutions were concentrated and spotted on W hat-
man No. 1 chromatographic paper along with
xylose, rhamnaose, glucose, and galactose. Separate
papers were developed in BAW, BuPy, EtAc, and
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Collidin  (Table 1) in ascending systems. The
sugar spots were located with Partridge reagent
sprays.

[dentification of sugars in 3-position. The
technique of Karrer and de Meuron (1932), modi-
fied by Chandler and Harper (1961) and adapted
to microscale by Zapsalis and Francis (1965), was

applied. The sugar moieties were chromatographed
in BAW, BuEt, and Collidin (Table 1) in ascend-
ing systems.

[dentification of dissacharidic glycoside. The
method of Bendz ¢« ... (1962) was used to split
the glycosidic bond. The sugar and aglycone moi-
eties were separated as previously described. The
sugar solution was chromatographed on Whatman
no. 3 MM filter paper using BAW , and the di-
saccharides were located by spraying just the ends
of the paper with Partridge’s reagent. The di-
saccharide strips were then cut from the chro-
matogram, and the sugars were eluted with water,
concentrated, and hydrolyzed with 41V HC1 for
5 min. After neutralization, the resulting sugars
were chromatographed on Whatman no. 1 chro-
matographic paper in EtAc, BuEt, BAW, and
Collidin in ascending systems (Table 1).

[dentification of aglycones. The aglycone por-
tion of the hydrolyzed fraction and the aglycone
from the total crude pigment were chromatographed
on Whatman no. 1 chromatographic paper in as-
cending systems with solvents listed in Table L
Known anthocyanidins were used as standards.

Alkaline degradation. The technique of Karrer
and Widmer (1927) as adapted to microscale by
Albach ¢c a1 (1963) was followed. The isolated
phenolics and phenolic standards were chromato-
graphed on Whatman no. 1 chromatographic paper
using the solvents listed in Table 1 in ascending
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Spots were made visible by coupling with
(Lindstedt, 1950). To alter
20% sodium carbonate solu-

systems.
diazotized benzidine

the color of the spots,
tion was applied. .

Chromatography of anthocyanins. The origi-
nal purified mixture, the individual anthocyanins,
and their hydrolysates (obtained by the procedure
of Abe and Hayashi, 1956) were chromatographed
on Whatman no. 1 chromatographic paper using
the solvents of Table 1 in ascending systems at
2140.5°C (Harborne, 1959). .

Spectra of black raspberry pigments. The
Beckman DK1 spectrophotometer was used to re-
cord the spectra of the individual anthocyanin
pigments, anthocyanidins, and their complexes with
aluminum chloride. The pigments were carefully
purified and dissolved in absolute methanol contain-
ing 0.01% HC!1 and in absolute ethanol containing
0.1% HCL1. The spectral shift on the addition of
aluminum chloride wras measured by adding three
drops of a 5% solution of the salt in absolute
ethanol to the cuvette, mixing, and recording the
spectrum at 5-min intervals up to 15 min. The
ultraviolet spectrum was also obtained.

RESULTS AND DISCUSSION

The individual pigments of black raspber-
ries, Monger variety, were separated on a
ceIIquse Column usm% HAC-HCI soIvenJ

. A second § paratlon Was carrie
out usm 'BAW on Whatman no.

g er in ord% r to reverse the sequence of
arated antnocyanins (Harborne, 1959).
Four distinct barids were"obtained from the

column and paper chromatograph%/

Aglycones. The aglycories obtained by

Tabic 2. &+ values of black raspberry pigment aglycones.
Solvents
. . HAc:HCL:
Pigments HAcC:HCI m-Cresol BAW»  Forestal  Formic H»0" 1% HCI 15% HAc
Standards
Cyanidin b 0.09 0.18 0.69 0.49 0.23 0.37 0.01 0.14
Pelargonidin ¢ 0.80 0.78 0.32 0.57 0.03 0.20
Petunidin d 0.52 0.46 0.20
Delphinidin 8 0.02 0.43 0.33 0.13 0.23 0.00 0.05
Hydrolyzed
crude pigment 0.09 0.18 0.69 0.49 0.23 0.37 0.01 0.14
Band « aglycone 0.09 0.18 0.69 0.49 0.23 0.37 0.01 0.13
Band s aglycone 0.09 0.18 0.69 0.49 0.23 0.37 0.01 0.13
Band ¢ aglycone 0.09 0.18 0.69 0.49 0.23 0.37 0.01 0.13
Band » aglycone 0.09 0.18 0.69 0.49 0.23 0.37 0.01 0.13

1Acid-washed paper.

bFrom hydrolyzed pigment of Chrysler Imperial Rose.

"From hydrolyzed pigment of strawberry.
dFrom hydrolyzed pigment of petunias.

8From hydrolyzed pigment of egg plant fruit peel.
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Kdrol ysis of the total crude pigment were
chromatographed on Raper alon% with known

anthoc anrdrns of the’ aglyco

es obtained

from YSIS of ?ne four seBarate

hands. The resu

ts are shown in Taole 2

The |soIat|on of natural anthocyanidins, was

based on te plant sources Teported

Hayashi (1962

by R

he aglycane from Chr (}rsler Impenal rose

ri ment whrch IS cyani
as the lycones o the indivi

quently. cyanidin 1 suggested as the

3), ave consis ent thne sAm%aEt \?alt?e
t ey | aual ang tot

|

a

pigment |n aII solvent s§stems used, Conse

cone moiéty of the four black ras ber
anthoca/anrns |soIated The hydrolyzed crude

tdid not show separation of an agly
cone other than cyanidin. The Rrvalues f

Igme

?om

BAW, Forestal, and formic soIvents Were

borne (1959) and Hayashi (1962

in a%reement with those reEorte %_ Har

values from” H AcH 1-HY) were aso |n
9rée6e2 ent with those reported by Hayashi

Paper chromatogra hy of the alkaline
degradation products (Karrer and Widmer, co tarne %ucose and rhamnose and Bands
19 )confrrmed theaove chromato raphrc B, ,and contained onl qucose
data that cyanjdin s the ag gcone molety of A difficulty arose in igentification of the
the anthocyanin pigments™of these be nes sugars by column chromatography because
Table 3. =« values of degradation products of black raspberry pigments.
Solvents ed C0|0r3200 :
Compound BeAW BAW EtAcW elzazz%rzne c?rrfé’ﬁétem
Standards
p-Benzoic acid 0.38 0.89 0.94 Y V-BI
Protocatechuic acid 0.06 0.80 0.93 Y-Or Y-Wh
Gallic acid 0.00 0.03 0.71 Y-Or Br
p-Coumaric acid 0.46 0.89 0.97 Y-Br V-BI
Phloroglucinol 0.00 0.69 0.82 Y'-Br V-Br
Mixed pigment 0.05 0.80 0.93 Y"-0r Y-Wh
0.00 070 Y-Br V-Br
Fraction & 0.05 0.80 0.94 Y-Or Y-W h
0.00 0.70 Y'-Br V-Br
Fraction 0.06 0.80 0.94 Y-Or Y-Wh
0.00 0.70 Y-Br V-Br
Fraction ¢ 0.06 0.80 0.94 Y-Or Y-Wh
0.00 0.70 Y-Br V-Br
Fraction o 0.05 0.80 0.92 Y-Or Y-Wh
0.00 0.70 Y"-Br V-Br

Product from
acylation test

“Color notations : Y — yellow ; Wh =

Or = orange.

white; v =

(Table 3). The chromatorqrams were repli-

cated thrée times, and the
are the mean of the R valles of dup Ircate

spots In each rep Ircated chromatogram The

color response |s also In agreeme
dergradatron
va ue an
wrt tose reporte
2 Swain (
sible fo detect the
second phenolrc com
pa%ers devel

Compectra

color are I

ed in E

ments were free of acylation.

Sugars. Determination of the sugar was
carried out In triplicate in pigment
from both column and paper ¢ romatography

e
On thé hasis_of Rf values and the color
res onse wrth Partridge’s reagent, Band A

violet; Br =

brown; Bl = blue;

eported Rf values

tas fo the
oducts of cr%/anrdrn and hoth
Roo agreement

g/ Kiyoshi et al
(1952). It Was not pos-
hIoroqucrnoI or any
ound as spots on the

a crted in Table 8 Irkewrse
rm that cyanidin is the agnycone part of
aII anthocyanrns Isolated fro

Products of mild alkaline hydrolysis were
not detectable, which suggests that the pig-

black™ rasp-

ractions
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Table 4. «. values of sugars from hydrolyzed black raspberry bands isolated by column
chromatography.

Solvents
Sugars EtAc Colliditi BuEt BuPy BAW Color”
Standards
Arabinose 0.43 0.47 0.30 0.13 0.25 R
Xylose 0.44 0.58 0.34 0.15 0.27 R
Rhamnose 0.59 0.64 0.40 0.30 0.37 Br
Glucose 0.35 0.42 0.28 0.07 0.20 Br
Galactose 0.33 0.39 0.25 0.05 0.18 Br
Sugars from 0.36 0.42 0.07 0.20 Br
crude pigment 0.59 0.62 0.27 0.38 Br
Band A 0.35 0.42 0.28 0.07 0.20 Br
0.56 0.64 0.40 0.26 0.38 Br
Band B 0.35 0.42 0.28 0.06 0.20 Br
Band C 0.35 0.43 0.27 0.07 0.19 Br
Band D 0.35 0.21 0.07 0.19 Br

“Color developed with Partridge’s reagent: Br : brown; R = red.

>éylose Was detected anng W|th Bands A and in the blank run throughout the entire
It was demonstrated that xylose was an cedure This 1s the first reported evid nce
artifact produced by the action of the mineral ~ of x losg as an CFrtt act mploer chromatog-
acid on_cellulose or was simply a contami- rag y. This finding ma exp ain wh yx
nant onglnatlng from the berry pigments or  Was not detected In the ﬂgCOSIR of the
ot ergycomdes Harborne 199 Forsyth,  Monger raspberry Etgme which IS 1n
The . same eno (en agpe red  agreement with wior of Luh et al. 1965
aIso n the pigments |so late aper  hut in opposition {0 wor of N bom
chromatographic technique. In te second and Hab me and Hall ﬁn The su ars
case, xylose was present in all fractions and detected y paper chro atography~ of the

Table 5. =« values of sugars from black raspberry pigments hydrolyzed for disaccharide

analysis.
Solvents
Sugars EtAc BuEt BAW Colliditi Colora
Standards
Glucose 0.34 0.23 0.18 0.45 Br
Galactose 0.32 0.26 0.17 0.42 Br
Xylose 0.44 0.34 0.24 0.55 R
Rhamnose 0.57 0.43 0.35 0.66 Br
Sucrose 0.16 0.23 0.40 Br
Lactose 0.14 0.16 0.06 0.26 Br
M altose 0.20 0.2 0.09 0.36 Br
Sugars from hydrolyzed
crude pigment 0.57 0.44 0.35 0.68 Br
0.34 0.29 0.18 0.45 Br
0.18 0.16 0.08 0.28 Br
0.09 0.08 Br
Hydrolyzed Band A 0.16 0.23 0.09 0.30 Br
0.57 0.43 035 (.66 Br
0.34 0.29 0.18 0.45 Br
Hydrolyzed Band B 0.14 02 0.08 Br
0.34 0.23 0.18 Br
Hydrolyzed Band C 0.34 0.28 0.18 0.45 Br
Hydrolyzed Band D 0.34 0.28 0.18 0.45 Br

"Color developed with Partridge’s reagent: Br = brown; R = red.
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n%/drol yzed bands corregoond in an oRposne uic acid was detected in the hydrolysate and
anner {0 those detected by column chroma-  Was._removed with reoeated eth%/ ether ex-
tolgraB Y, ecause of the soIvent differences traction. The expectation is tha teextrac
arnone, tion would com letely remove the 24.6-
From Table5 e can deduce the manner  trihydroxyphenylacetic acia and Partlat
in which the sugiar IS attached to the a(IJI cone  remove ifs glycoside in the 5805| jon. The
Bendz et al., 1962). After mild acetic acid agrueous 50 utlon was then chromatographed
;{]ro ysis. Band A gave a dlsacchande
which after |soli1(§|on hg/drolgsw and rechro- These data suggest that in Bands A and
matograp y Ylelde and glucose In - B there is an oligosaccharide attached to the
the ratjo of 13 wh|c suggested the pres-  3-position of thé aglycone. The Rf values
ence ofa ua i r%]/eomde owever, the Rf  cited in Table6forteollgosacchande sugi
va Ues of t ent on paper chromatog-  gest in both cases a disaccharide: rhatnosy]
(Tabe suggested that Band lucose_in Band A ?ucosg lucose "in
|é; ent |satnrq ycoside. Band B disaccha- Band B. When the isofated dkaccharides
ride yielded on Plucose when hydrolyzed:; were hydrol zed, Band A yjelded predomi-
therefore, two molecules of qlucose must be  nantly “glucose. and a_smaller amount of
connected ang both aftached Yo the aglycone. rhamnose while Band B produced only
The known dlsacchandes sucrose ang factose  gluc
oave f values near (shose of the dlsacgha- SmaII amounts of free rhamnose and glu-
des of Banas A and B. Bands C ana D cose were found in Band A (predominantly
did not énve any spots correspondlng to the  glucose), and free glucose in Band B. These
known sacchdrides chromatographed. Were probably due to a low degree of hy-
Another sugar detachment,” specific for dron5|s of the oligosaccharide.
sugars attached in the 3-position, was car- N spot corres ondlng to atri chomde
ned out (Karrer and de Meuron, 1932; (linear or branc ed) Was ob serve in any
Chandler and Harper, 1961). Protocatech- of the ofigosaccharides hydrolyzed from the

Table 6. Rf values of sugar hydrolyzed by ammonolysis of the sugars attached to the 3-posi-
tion of black raspberry pigment.

Solvents
Sugars BAW BuEt Collidin Color"
Standards
Glucose 0.20 0.26 0.41 Br
Galactose 0.17 0.24 0.39 Br
Xylose 0.24 0.34 0.54 R
Rhamnose 0.3 0.43 0.64 Br
Lactose 0.06 0.16 0.24 Br
M altose 0.09 0.20 0.34 Br
Sucrose 0.13 0.23 0.38 Br
Sugars from hydrolyzed
crude pigment 0.10 0.14 0.24 Br
0.13 0.21 Br
0.19 0.25 0.43 Br
0.3S 0.44 0.62 Br
Band A disaccharide 0.13 0.21 Br
Band A hydrolyzed disaccharide 0.20 0.26 Br
0.35 0.43 Br
Band s disaccharide 0.10 0.14 0.24 Br
Band B hydrolyzed disaccharide 0.20 0.26 0.41 Br
Band C sugar 0.20 0.26 0.41 Br
Band D sugar 0.20 0.26 0.41 Br

aColor developed with Partridge’s reagent: Br = brown: R = red.
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3-position. However, the thdroI zed crude
] ment dave a spot with Rt values corre-
5P on in o ahrg er %chosr e Tabe ) 63
w ich be “the %osrtron triglycoside
found bv Nybonr é pigment
could not be“isolated, and probably existed
as a contaminant of Band A pr?ment

In the chromatographic analysis of sugar
some Rf values In” different rins were not
Precrsely regroducrble hut nevertheless close
0 each other. If the Rf vaIues with respect
to xylose or gDIucose are calculated, then
are re roducible and in agree ment with those
regor ed In the literature“(Block et al., 1958;

Hough, 1962).

Chromato%raphy of the Prgments Paper
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RG-5- G was readil g rdentrfred The exis-
tence of C-3-RG-5-G in ac rs berries. Is
In agreement with Luh et al. (1965), who
reported thrs prgment in bo%/senberrr £$
%uus gnd [t is able, then,
that an ad itional dg/oosrdatron pattern ex-
ISt In the pigmentation of the American
Ru%us vanetres whrch has not been identified
In the European types.

Unfortunately, a known samPIe of pr%ment
was not available, and the tentative identrfi

hey cation is based on the companson of Rf

values observed In alcoholic and aqlueous
solvents of known anthocyanins and

values re orted b Harbome (1959), Ha-
réashr 62h) uh (19632 The poss)-
ity that t fl

chromatography of the purified and isolated gment Is a3 %chosrd S
pigment bands as well as of the purified not solidl rted, In view ata
original pigment was carried ouf with both obtarned rtra hyarolysis an suqar
a Uepus ‘and alcoholic solvents in order to anal srs For [o be true artial he}/s ond

classify the pigments according to their R
values With resoect to known “anthocyanins
Isolated ang gur fied, as suggested by Robin-
son and Ropinson (1931,°1932) and Ha-
yashi (1962|) The results of the chromato-
graphic analysis of the_total pigments are
presented in"Table 7. The individual p%
ments. obtained from the column chromat

raphic technigue as well as the known prg
ents were partially hydrolyzed in order
give evidence of théir glycosidic structure.

The prgment of Band A, correspondrng 0
that of | (TabIe 7), a Very smaI amount
gave Rf values suggestrng a g vcosr dation
gattern higher than F

udar analysis and artra hgdrolysrs suggest
that the pigment is

AIthoug a3 posrtron tnrkrlycosrde Wwas not
rsoIated fom Monqer black Taspberries the
su r hydrol srs% he crgde prgment (Taple

su ges edte possibility facyanrdrn
osy rutrnosr e as re orte t/ Nybom
and Harborne nd Hall' (1964).

lose whrch Wwas detected but attrip-
uted arfifagts, mr ht have been present In
a, contamrnatrn? 8 coside in° Band A
srnce a trig vcosr and the rdentrfred
G would have similar RT values.
The X Iose present In_the blank coyld have
masked the xylose derived from such a con-
taminant, thus reventrn? ident(fication_ of
cyanidin-3-xylosyl-rutinoside while the C-3-

f SIS ou have yre

e SIX%) fs, COTT

ing.to.C

% SG andc anr in, but onyfrve spots
were obtained from the alcoholic' solvents
and four from the aqueous solvents. This
may be explained by the similarity of Rt
valies, and thus lack of resolution, ‘of some
of the hydro 3ytrc roducts L&, I agyeous
solvents C-5-G have almost
rdentrcalR f valyes, wherea in alcoholic sol-
vents the can e resoIveg The C-3-RG,
- and C-3-G in lconolic solvents
and th e first twg prr%;ments In aqueous Sol-
vents likewise did” ot appear as_separate
spots as reported bv Elarborne (1959).

The Rf values of the pi gment of Band B

fthe cyanidin-3-gentiobioside  (C-3-

r- are. in "agreement and suggest that
3dr G is te C0 ({)ound res onsrbIe for

rs band Partial h gsr cone ana
ysIs, and su ar a ySIS are "I - complete
agreement wrh findirigs of Willstatter and
olton (1916).

Band C, on the basrs ofR values of the
g?ment as well as of ro ysrs spro ducts,
oresponstoaC35 Thi S-
tion 15 in accordance with th e ag ycone an g
sis as well as with the sugars detected for
this band.

%nd D ??h ment is composed of C-3-G on
asis of the same nositive evidences as
above namely, Rf values obtained in six sol-
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veng1 rsé%/nstems and results of aglycone and
su

sma? y?ust noticeahle dlffused band was

obtained, name %/ Band E, which, from the
data of Table 7, apparently corresponds to

ANTHOCYANINS OF BLACK RASPBERRIES

cyanldln The eX|stence of the anthocyanidin
elen |n fresh unpurified plgment extracted
with 1%HCI-MeOH was confirmed repeat-
edly. . The presence of the anthocyanidin,
eVen in traces, In the berries was unexpected.

Table 7. Rt values of black raspberry pigments isolated by paper chromatography
Solvents Known or
proposed
Pigments BAW BuHCI 1% 11ICI HAcrHCI 15% HAc HAc:HCILHsO compound
Original crude pigment
| 0.17 0.13 0.40 0.61 0.84 0.88 C-3-RG-5-G
I 0.29 0.22 0.34 0.58 0.67 0.82 C-3-di-G
11 0.21 0.10 0.18 0.43 0.51 0.70 C-3,5-di-G
v 0.35 0.25 0.08 0.28 0.31 0.58 C-3-G
V. (trace) 0.58 0.68 0.01 0.09 0.11 0.36 Cyanidin (just
noticeable)
Band A 0.17 0.11 0.40 0.61 0.83 0.88 C-3-RG-5-G
Hydrolyzed A 0.17 0.11 0.40 0.61 C-3-RG-5-G
0.23 0.16 0.42 C-3.5-G
0.35 0.25 0.08 0.26 C-3-G
0.41 0.45 C-5-G
0.59 0.68 0.01 0.09 Cyanidin
Band 0.28 0.22 0.40 0.59 0.67 C-3-di-G
Hydrolyzed B 0.28 0.22 0.40 0.59 C-3-di-G
0.35 0.28 0.08 0.28 C-3-G
0.59 0.68 0.01 0.09 Cyanidin
Band C 0.21 0.12 0.16 0.41 0.51 0.70 C-35-di-G
Hydrolyzed ¢ 0.35 0.31 0.08 0.27 C-3-G
0.41 0.40 C-5-G
0.59 0.68 0.01 0.27 Cyanidin
Band o 0.59 0.31 0.08 0.27 0.31 0.35 C-3-G
Band E (trace) 0.59 0.68 0.01 0.09 0.11 0.36 (justnoticeable)
Chrysler Imperial
Rose pigment
partially hydrolyzed 0.22 0.18 0.17 0.43 0.51 0.68 C-3,5-di-G
0.35 0.25 0.08 0.27 031 0.59 C-3-G
0.40 0.44 0.18 0.27 0.31 0.59 C-5-G
0.58 0.69 0.01 0.09 0.11 0.36 Cyanidin
Dianthus caryophylus
Red petal pigment
partially hydrolyzed 0.35 0.25 0.08 0.27 0.31 0.58 C-3-G
0.59 0.69 0.01 0.09 0.11 0.36 Cyanidin
A ontirchinum majus
Flower pigment 0.32 0.26 0.19 0.43 051 0.69 C-3-RG
0.35 0.25 0.08 0.28 0.31 0.58 C-3-G
0.59 0.69 0.0L 0.09 0.11 0.36 Cyanidin
Hibiscus rosea sinensis
Flower pigment 0.30 0.24 0.36 0.40 0.60 0.66 C-3-di-G
0.35 0.25 0.08 0.27 0.31 0.57 C-3-G
0.59 0.69 0.01 0.09 0.11 0.35 Cyanidin
Notations : R = rhamnose, G = glucose, C = cyanidin.

Example :

C-3,5-di-G stands for cyanidin-3,S-diglucoside.
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Possibly it results from a low- det[rree 3/
drolysis of the C 3G durrn? extrac |on and
chromatogra hy by means of H
revrous C0 munrcatron mdrcated the
reIatrve concenrations Of pigments In rasp-
berries (Daravingas and Cain, 1965). The
pigment of Band A was found’ |n very small
amounts, while Bands B, C, a were
present In greater amounts,
e Rt Values herein obtained were in
%rneneral agreement with those reported for
e corresponding comgouns oth er
Workers usrng the same solvent systems. The
minor differences in Rt values were prohably
due to slight changes In conditions. This
may account for t e drfferences In the Rf
va Ues re orte Z several waorkers gHar
barne, a?/shr 1962 Albach ct al
1963; Akrvoshr
Spectrophotometry. The spectrophoto-
metric data for both dnthocyanins and antho-
cyanidins are in Table 8" The absorption
aximum of the aglycone obtained from the
h drolyzed crude jgment, as well as that
from the h rolyzed” pands, corresponds fo
the wave ength of absorption of " cvanidin
|soIated from Chrysler Imperial rose. This
in_complete agreement with Harhorne
1958& in 0.01% HCI-M and 0.1%
CI-EtOH _solvents. Shrfts of the proper
magnrtude for cyanidin were also observed
upon addition gf AICI3 This spectropho-
tometric approach confirmed conclusions pre-
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a/n%lllSIsys drawn from other methods of
r

The prgments of all hands isolated also
%]ave shiftS with Aid» which were of higher

agnitude than those of cyanidin.

e wavyelength of ma rmum absorptron
of the hand Elrg ents Wwas % nerally In agree-
ment with Harborne’s g finding “that
?chosrdatron oft e anth 1yanrdrn giv s rrse

Psoc romic shift. The maghitude of

thrs shift was not observed to be as reat s
Harborne’s. As suggested Band E, found In
trace amounts on th column, appeared to be
canrdrn As gly cosrdatron Was. Increased
toward 3G a sochromrc shift of only
5meg was observed. No Ifference was re-
vealéd between pr gments of Band B and C,

w |c hoth gave hypsochromic shifts of 6 m
PI mer?t E%/aP d’ wrch IS prop osegd
as ) rrgEycosrde gave a shift of 10 mg.
E mex"values (as _percent). ob-
tarned from spectrophotometric analysis of
the four pigments agree with the literature
vaIues for these antfiocyanins. The ratio of
22 for e anidin-3- %Vucosrde and c anrdrnS
2gucosrealgrees ith Harborne's value of
owever, the value of 17 calcu-
Iate for the anthocyanins glycosidated i the
Sgosrtron IS between the “13 reported b
Harborn 1958 and the. 23 re orted D
Lull ct al. (1965) :and It is smaller, as, ex-
Pected than the Valug for the pigment with a
ree hydroxyl at the 5-position.

Table 8. Spectrophotometric data of the black raspberry pigments and their aglycones.

0.01% HCL:MeOH

Visible uv
) max max
Pigments (mfi)a (m/O
Band « aglycone 535 219
Band s aglycone 536 280
Band ¢ aglycone 536 280
Band o aglycone 535 279
Band « aglycone 535 279
Aglycone from total
hydrolyzed pigment 535 279
Cyanidin from Chrysler
Imperial Rose 535 279
Band .+ pigment 525 280
Band s pigment 529 279
Band ¢ pigment 529 219
Band o pigment 530 279

Measured maximum wavelength of absorption correct to 2

Absorption at 312, 326, 328 myg.

0.1% HC1:EtOH

iNhlliiﬁ Visible uv Absqrption
I max X for
(mg) {Pn%) acylation b
+20 546 270 no
+20 546 269 no
+ 19 546 269 no
+20 545 269 no
+ 19 545 270 no
+20 546 269 no
+20 545 269 no
+20 no
+22 no
+22 no

no

1 mg.
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No absorption, peaks were gbserved at 312,
326. or g m/| ThIS conﬁrmed that the

pigments are free of acylation, at least W|th
redard o the most Usual acvl | residues,
gglrggly, p-coumaric. caffeic, and ferrulic
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An Apparatus for the Isolation of Volatile

SUMMARY

Volatile compounds that may contribute fla-
vor to a wide variety of foods can be isolated
in an apparatus which is described. It utilizes
the principle of flash evaporation and vapor-
ization from a continuous thin heated film.
Liquid foods, such as fruit juices or beer, need
no preparation, but foods such as meat and
potato chips are first made into a fine water
slurry. Vaporized food constituents and water
are recovered by condensation in a series of
specially designed cold traps. Features and
performance of the apparatus are discussed.

of

INTRODUCTION
hut

Of the steps that lead to knowled
the chemical Compounds that may cont

to the flavor of foods, identification proced-
ures have seen enormous agvances, primaril
because of improvements In the design, qp-
eration, and performance of instruments for
micro-separation of mixtyres, such as the
gas_ chrgmatograph, and for micro-igentifi-
ation of pure” compounds, such as infrared,
mass, and NMR sRect_romet,ers. By can-
trast, methods for the isolatign of Volatile
trace flavor compounds have ?ften bad o be
tatlored to the re(i_uwe_ments of the particular
food unler investigation ; as one result, ad-
vances_In design, “operation, and perform-
ance of such apparatus have not been nearly
S0 spectacular and have not aﬂproached the
more. universal usefulness of the procedures

and instruments employed for identification.

Apparatus for the isolation and recovery
of volatile constituents from oils without
Lhe creation of artifacts duripg isolation has
een reported (Chang, 1961)." This appara-
tus has served well in studies of soybean oil
(Smouse and Chang, 1965), réyédrogenated
soybean oil (Kawada et al., 1966), and cot-
tonseed oil (Mookherjee and Chang, 1965).
The present apparatus was designed to iso-
late volatile flavor compounds from beef. Its
performance in this _aRlecatlon oints to a
general usefulness with any food that is an
agueous solution or that can be dissolved or
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Compounds from Foods

dlsRersed homog%neouséy in water. Experi-
ments that have been conducted, though not
reported here, have demonstrated this per-
formance capability for such W|deI% dififerent
foods as EOt t? chips and beer. In the resené
apparatus, volatile substances are separate

%Jnder reduced. pressure bg/ a combination of
lash evaporation and v Sporl_zatlon from a
thin heated film without _|(Tm|f|cant creation
of artifacts or decomposition of the food

sample.

EXPERIMENTAL

Apparatus. The apparatus (Fig. 1) may be con-
sidered as consisting of three systems. The first
system is designed to bring the liquid food or water
slurry of solid food to conditions optimum for
metering it into the second system, designed to
separate trace volatile substances and water by
vaporization under reduced pressure. In the third
system, volatilized material is condensed.

The first system includes a 3-neck 5-L flask (s)
which holds either the food or a fine water slurry
of the food. The contents of the flask can be heated
with a Glascol heating mantle and stirred with
a precision-ground stirrer (K-78100, Kontes Glass
Company, Vineland N. J.). Significant loss of
volatile substances to the atmosphere is prevented
by a cold-finger trap (s, filled with dry ice. The
slurry in flask s is pumped through capillary boro-
silicate tubing into the suction port of the positive-
displacement rotating and reciprocating pump (c)
(FM1 Lab Pump, supplied by Heat Systems Com-
pany, Melville, New York).

The second system begins at the exit port of
pump c. which is connected to the modified Alihn-
type vaporizers (o, through a stainless-steel ball
joint. The two vaporizers, connected in a series,
are initially evacuated to about 0.0l mm Hyg.
Depending upon the rate of feed of slurry or
liquid, the actual rressure during a run is con-
siderably higher. The bulbs of the two vaporizers
are bathed by a suitable circulating liquid heated
to a temperature that will afford maximum assis-
tance in vaporizing without risking decomposition
of the food.

After the slurry leaves the exit port of pump .
there occurs a combination of flash evaporation and
vaporization from the thin heated film passing
down the walls of the bulbs. The portion of the
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Apparatus for the isolation of trace volatile constituents from foods.

1.

Fig.
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food or beverage that is not volatile under these
conditions drops into the 12-L round-bottom flask
(e).  The flask is normally not heated at the
bottom, but mild heating of its top surface may
assist in transferring vaporized material out of the
flask. The exit tube (¢ ) passes through a con-
denser jacket that may be utilized either for hot
bath fluid (which assists the removal of the vapor-
ized material toward the cold traps), or for cold
liquid (which effects some slight preliminary cool-
ing of very hot and rushing vapor).

The vaporizing system is separated from the
condensing system by the stopcock (s ), 15 mm
bore, permitting the former to be maintained under
reduced pressure while the latter is dismantled,
cleaned, and reassembled for a second run. After
reassembly, pressure in the vaporizing system may
be reduced by evacuating through the adapter
mounted in the center neck of flask

The kind of arrangement of cold traps employed
in the condensing system may differ with the nature
of the food and the conditions of vaporization. The
arrangement shown in Fig. 1 has been found suit-
able for use with a water slurry of boiled meat.
The first two dry-ice-cooled traps («) and the
-1-L conical receiving vessels (/) serve to condense
the bulk of the vapors. Conditions can be found
without difficulty which will result in condensation
of vapor to liguid on the walls of the cold fingers

of traps « ; the' condensed liquid drips off the tip
of the cold finger into the conical flask /, which
is set in a pail containing dry ice. Cold-finger

trap . may be replaced by another set of the « -,
combination if additional capacity is desired. The
volume of liquid collecting in the different receiving
vessels can be controlled by varying the level of
fill and the frequency and intensity of stoking of
the dry ice in the cold fingers above them. The
remaining cold traps (s and « ) are cooled by dry
ice, and traps L, M, and N by liquid nitrogen.

The specially designed glass parts of the appa-
ratus can be obtained from either Kontes Glass Co.,
Vineland, N. J., or from Scientific Glass Apparatus
Co., Bloomfield, N. J.

Procedure. The isolation of volatile flavor com-
pounds from boiled beef is used to illustrate this
apparatus. W ith certain modifications of proce-
dure, the apparatus has been similarly used for the

isolation of flavor compounds from potato chips
and from beer.
Cold boiled meat, 1 kg, was ground in a meat

grinder (kit-inch plate), and subsequently made into
a fine slurry by comminuting in a Waring blender
with just enough cold water (.1400 ml), to permit
effective cutting action of the blades. The flavor
characteristics of the meat were found not to be
altered by the grinding and blending. The fine
slurry was held in flask s for 1 hr under moderate
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agitation at 70-75'C in order to develop the desir-
able flavor. During this time, the vaporization and
condensation systems of the apparatus were evacu-
ated to less than .01l mm Hyg.

Pump ¢ was then started to feed the slurry at a
relatively rapid rate (80 mI/min) into the vaporizer
units (/?), the bulbs of which were bathed in
circulating glycerine kept at 105-110°C. The tem-
peratures of slurry and vapor inside flask « were
respectively 28°C and 50°C. A typical pressure
reading above the slurry was 15 mm Hg, and that
at the end of the cold traps was I mm. A total of
710 ml of condensate was collected in the cold
traps. The condensate had a strong true boiled-beef
aroma. The condensate in the two coiled traps
cooled with liquid nitrogen had a strong pungent
odor suggestive of sulfur compounds.

To ensure as complete as possible a removal of
unaltered volatile flavor compounds from the beef
slurry, the isolation process was repeated. Stopcock
¢ was closed, and vacuum in flask ¢ was released.
The slurry residue was returned from Flask « to
5. reheated to 70-75°C, and held at this tempera-

ture for 1 hr. Meanwhile, the vaporization system
was evacuated through the adapter fitted in the
center neck of flask « Stopcock ¢ was then
opened, and the slurry was fed into the vaporizers
at a rate of 35 ml/min. A total of 590 ml of
condensate was collected. Since it still had a strong
true boiled-beef aroma, the slurry residue was

again submitted to the isolation process at a rate
of 50 ml/min. The condensate collected the third

time, 520 ml, had only a weak aroma.
The total condensate may be extracted with
ethyl ether, and the ether extract concentrated ac-

cording to the method of Chang (1961). The con-
centrated ether solution can then be fractionated
by gas chromatography and the pure gas chromato-
graphic fractions identified by infrared, and mass
spectrometry. Exceptionally large compounds may
yield fractions sufficient for micro NM R analysis.
The volatile flavor compounds isolated from 56 Ib
of boiled lean beef were found sufficient for a syste-
matic study of their gas chromatographic fractions
by infrared and mass spectra.

DISCUSSION

aratus has been used successfull
ot el
and beer, The vo atr‘e compounds, 150 aPed
from each food had a strong flavor character-
istic of that food as evalated orqanoleptr
call% Furthermore the intensity of the flavor
e food after it had been processed was
greatly reduced. The apparatus is therefore

The a
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erX|bIe and may have a wide range of poten-
tial_applications,

Condlttlons fthat must be deltedrmltrp]edtex
erimentally for each food include the tem-
erature auld tlme of ho?éj 9 for flavor de-
velopment, th g rate of me erlng mt? the
vaporizers, and the temperature of the Tiquid
circulated through the vaporizer jacket. As
the slurry enters the ev (?cuated slystem flash
eva oration occurs, and the portion of the

urry that is not vaporlzed undergoes an
mstantaneou con5|dera £ rog in tempera-
ture. The effect of this dro substan
mltlgated as_ the sI Eravels along
heated vaPorlzer buI alls In a thin, con
tlnuou% film.  Bubblin due to va orlzatlon
from the film occurs throughout the length
of the vaporizers.

Condluon must he choien s0 that the
|argest 035| le quantity of flavor comp ounds
IS str| ed from the food without c? sm a
teratl ofthe food wit resFect {0 Iavor and
W|thout the creation of artifacts, In some
cases, for more complete isolation of the
volatile flavor compounds, the food ma%/ pass
through {he af)paratus more than onc

Two dlfflcu roblems encountered In P -
P B P Ol

Ing pu |

he ug gt be abI %feed the food frm
a as ng er atmospheric pressure Into a

stem under hl%h vacuum The osmve

splacement reversible ;t)ump .0per un%
the rotating and remproca % ngtOﬂ prin |pIe
serves the purpose well, train of cold
tra S must accom lish condensatlon of both
th e re]atlv\eNy large volume of water vapor
and the low=boiling flavor compounds vola-

ISOLATION' OF VOLATILE COMPOUNDS FROM FOODS

tilized in the vaporizers. Most of the water
vap rli effectivel removedb condensatlon
to the liquid state on the cold-finger traps,
The |IﬂUId condensate drips. off “the cold
fmlqerl to a conical receiving flask. The con-
Ica sape 1S necessary to prevent breakaq
when the liquid freezes. The remammg cold
traps are more conventional deugn for’ cop-
densation_ of the vapor to solid state. LIﬂUId
nitrogen is used as coolant for the fast three
traps 0 ensure virtually complete trapping
of condensable flavor compounds.
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The Fluoride Content of Some Foods and Beverages— a Brief
Survey Using a Modified Zr-SPADNS Method

SUMMARY

An analytical method is described that esti-
mates up to 2.0 ppm of fluoride in a 10-g
sample of food, with a standard deviation of
0.093 ppm F per test. A brief survey of bever-
ages and canned vegetables indicates that the
use of fluoridated water (i.e., 1.0 ppm F_) by
food or beverage processors will increase the
fluoride content of the products by 0.34—
0.75 ppm (av. increase: 0.50 ppm). On the
basis of food analyses and a concomitant study
of the fluid intake of laboratory personnel, it
is estimated that the total ingestion of fluoride
per day by healthy “indoor” workers will
range from 2 to 5 mg per day. Implications
of these findings are discussed.

INTRODUCTION

As more cities accept the practice, of
adgustmg the fluoride content of municipal
water supplies to a concentration of 10 part-
Ber-mllllon 1., 1 ppm), more_ food and
everage processing plants will utilize water
containing_ this level of fluoride, and more
fluoride will be present in commermally( pre-
pared foods and bev_era%es., Although studies
of the dentEI benefits erlveﬁl from fluoride
have been based on the level of fluoride In
the drinking water, an important factor to be
consicered Telative to gene_ral,hea_lth and po-
tential flyoride-induced injuries Is the total
fluoride intake from all “sources (Cholak,
1960; Kre koqorsk , 1963, Walbott, 196_33.

McClure, (1949) reviewed the fluoride
content of foods prior to extT_nswe fluorida-
tion of mynicipal water supﬁ les, but, In the
opinion of the Prese,nt authors (Rose and
Marier, 19642, 00 liftle attention has been
gald to the probahle |ncreas$s that have qc-
urred as an'indirect result of water fluorida-
tion. Several surveys (Danielsen and Gaar-
der, 1955; Elliott and’ Smith, 1960; Ham
and Smith, 1950, 1954; Krepk%gorsky, 1963:
Pisareva, 1955), have reported” the amounts
of fluoride ingested with foods, but none has
Included foo Processed with water coptain-

f tluoride, Martin g1951) has

In 1pﬂm 0 :
shown that simulated home-cooking of vege-
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tables increased their flyoride content, but he
did not study commercial processmg roce-
dures, Some authors %Bratton, 1953; Weir
1953{) have discussed the effect of flugridated
water on Specific processes (wet-mllllnq of
corn; veast culturesg while others (Cholak,
1960; Waldnott, 1963) have reviewed the
su%ect of foodbome.” fluoride, in gen ral
terms without presenting experimentdl data
on the specific increases Caused by the use of
fluoridated water. _
This paper presents a method for the esti-
mation of fluoride In a 10-ﬁ sample of food
and also presents the results of analyses of
some Canadian foods and,bever,a%es proc-
essed in areas using. fluoride-adjusted (1.0
13m). and low-fluoride, waters. ™ Also, ‘the
fluid “intake of several individuals has been
recorded and estimates of total fluoride in-
gestion by these individuals are presented.

MATERIALS AND METHOD

An assortment of canned vegetables was obtained
from two plants in close geographic proximity in
Southwestern Ontario; one plant used a municipal
water containing 1.0 ppm of fluoride; the other
used a low-fluoride well water. Additional samples
were obtained from other firms operating canneries
in Southwestern Ontario. Samples of soft drinks
and beer were collected from local producers be-
fore and after the fluoridation of Ottawa’s water
supply.

In food items comprising both a liquid and a
solid fraction (e.g., canned peas), each fraction
was analyzed for fluoride separation was
achieved by simply allowing the liquid to drain
from the vegetable. Foods intended for “in toto”
consumption (e.g., pork and beans) and all "solid"
food items were mashed in a blendor prior to sam-
pling. Al results are reported as ppm of fluoride
in the blended puree, or in the liquid.

For the analysis of fluoride in foods, a modifica-
tion of the micro-distillation method of Singer and
Armstrong (1959) was combined with a colori-
metric method based on the procedure of Bellack
and Schouboe (1958). Details of the entire proce-
dure are as follows :

Drylng. A 200-mg quantity of reagent-grade
MgO s transferred into a 20 ml capacity Vitrosil
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crucible, followed by either: a) 10.0 nil of standard
sodium fluoride solution containing 5-20 iy F";
b) 10.0 ml of liguid food material; or ¢) 10.0 g of
blended food puree. By means of a polyethylene
stirring rod, the MgO is thoroughly suspended in
the liquid sample, or thoroughly intermixed with
the blended food puree. Each crucible is then im-
mediately placed in a hot-air oven (85-100°C),
where the samples are held overnight.

Incineration. The crucibles are covered with
aluminum foil, with a small opening at one side to
allow for escape of volatile gases. The samples are
then placed in a cold muffle-furnace, and the tem-
perature raised to 220, 320, 420, and finally 500°C,
during successive 1-hr intervals. After 3 hr at
500°C, the furnace is turned off and allowed to
cool overnight.

Distillation. The distillation apparatus is essen-
tially the same as described by Singer and Arm-
strong (1959), but has a distilling-chamber of
2.4-cm diameter instead of 15 cm. The ashed
material is transferred quantitatively to the dis-
connected distilling-chamber, and the crucible is
rinsed with 5.0 ml of fluoride-free water.

The distilling-chamber is then connected to the
condenser and burette assembly (Singer and Arm-
strong, 1959, Fig. 1), and lowered into the pre-
heated (90°C) mineral-oil bath, immersing the
distilling-chamber to the level of the side-arm. A
graduated cylinder (25-ml capacity), containing
2.0 ml of 3.0Ar NaOH, is then raised into position
as a distillate receiver with the tip of the delivery
tube beneath the level of NaOH solution. Nitrogen
flow is adjusted to give a sustained series of indi-
vidual bubbles in the receiver cylinder. A 3.0-ml
volume of concentrated sulfuric acid (.;. Bellack,
1958) is introduced into the distilling-chamber,
dropwise, until effervescence subsides, then more
rapidly. The hath temperature is raised to 150°C
and, to maintain a fairly constant volume during
distillation, water is introduced into the distilling-
chamber at a rate of approx 0.2 ml per minute, by
means of a motorized syringe inserted into the
nitrogen line. The distillation is complete when
the total volume in the receiving cylinder reaches
12 to 13 ml (i.e., at least 10 ml of distillate has
been collected). The cylinder is then removed, and
the distillation unit is raised from the bath.

One drop of phenolphthalein indicator is added
to the distillate, which is then neutralized with
50% v/v hydrochloric acid (0.6- 1.0 ml) and back-
titrated to a permanent pink color by dropwise
addition of 1.0N NaOH. The volume is adjusted
to 15.0 ml with fluoride-free water, and the sample
is transferred to a polyethylene container and re-
tained for analysis.

Analysis, a) ciiconiinncr ieieen
0.266 g of zirconium oxychloride

First,
octahydrate is

FLUORIDE CONTENT OF SOME FOODS AND BEVERAGES

dissolved in 350 ml of concentrated hydrochloric
acid; then the volume is adjusted to 1 L with
fluoride-free water. This reagent is kept at room
temperature.

D) se a0 ows A 0.2(4 w/lv solution of
SPADNS [4,5-dihydroxy-3-(p-Sulfo Phenyl Azo)-
2,7-naphthalene disulfonic acid, trisodium salt; com -
pound No. 7309 in the Eastman Organic Chemicals

reagent

catalogue] is prepared with fluoride-tree water.
This reagent is stored at 5°C.

C) stengarg reference sotwtions. Solutions of
sodium fluoride, containing 0, 0.5, 1.0, 15, and

2.0 iy of F“per ml, are prepared in 0.4V NaCl, so
that 10-m1| portions contain from 0 to 20 gg F"

A 10-ml portion of distillate (or standard F"
solution) is pipetted into a 19 X 175-mm test tube,
and thoroughly mixed with a 2.0-m| addition of
zirconiunt-HCI reagent, then 2.0 ml of SPADNS
reagent. Spectrophotometric readings can be made
immediately, or after several hours (Bellack and
Schouboe, 1958). Approx. 3 ml of the test solu-
tion is decanted into 12 X 75-mm cuvettes for read-
ing at 580 mg on a Coleman Jr. spectrophotometer.
The instrument is adjusted to 10091 Transmission
with the 20 ¢ F" standard, and all other samples
are read with this setting. The optical density
varies as an inverse linear function of the fluoride
content.

Samples containing added MgO require a cor-
rection for the fluoride content of the MgO. Be-
cause results tended to vary somewhat between
incineration treatments, this correction was deter-
mined with each group of food samples by analyzing
“standards” (containing 200 mg of MgO plus
known amounts of fluoride) that had been dried
and ashed simultaneously with the food samples.

RESULTS

The reproducibility of the analytical procedure
was assessed with samples of known fluoride con-
tent and, also, by an examination of the data
obtained with foods. A statistical analysis of 39
standard curves, comprising levels of 20. 15, 10, 5,
and O fig of fluoride, revealed a standard deviation
of 0.010 optical density units, with no appreciable
difference in error among the various fluoride
levels. Because the optical density change, per i
fluoride, averaged 0.0194 in the series of standard
curves, the standard deviation was thus 05 g F

per test. In the food samples surveyed, the fluoride
concentration ranged from 0.02 to 1.05 ppm (Table
1), and all results represent averages of single

determinations performed on duplicate samples of
the various foods or beverages. Although the
standard deviation tended to increase slightly with
increasing fluoride concentration, an over-all value
of 0.093 ppm was calculated. Despite the doubtful
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Table 1.
million).

Unfluoridated

Pork and beans 0.27
Tomato soup 0.04
Ginger ale 0.02
Beer 0.30

Liquid Solid
Mixed vegetables 0.30 0.37
Green beans 0.14 0.20
W hole potatoes 0.13 0.38
Diced carrots 0.30 0.19
Kernel corn 0.10 0.20
Green peas 0.15 0.10
W ax beans

“Analyses were attempted on two cola-type soft drinks,

during incineration.

bThis sample of wax beans was sent as an unfluoridated “control” sample.
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Fluoride content of various foods and beverages (all values reported in parts per

Fluoridated ~fluoride

0.77 0.50
0.38 0.34
0.77 0.75
0.68 0.38
Liquid solid Solid
1.03 1.05 0.68
0.71 0.89 0.69
0.87 0.76 0.38
0.55 0.61 0.42
0.48 0.56 0.36
(0.49 0.60
(0.77 0.73b

but severe losses were encountered

Flowever, subse-

quent investigation revealed that the product had been processed in a cannery using well-water

containing 1.2 ppm F".

significance of results below 0.1 ppm F~, all results
have been reported to the second decimal place, to
enable calculation of fluoride increments between
“unfluoridated” and “fluoridated” samples. (In our
survey, green peas were not available from a can-
nery using water containing 1.0 ppm of fluoride,
and similarly, wax beans were unavailable from
a control area.)

The data of Table 1 indicate that the use of
artificially fluoridated water in the processing of
foods and beverages increased the fluoride content
of these products by 0.34-0.75 ppm. The close
agreement between the fluoride content of the
“liguid” and *“solid"™ components of most of these
foods suggests that equilibration has occurred.
Data for samples from plants using low-fluoride
waters are in good agreement with those reported
by other workers (Danielsen and Gaarder, 1955;
Martin, 1951; McClure, 1949; Pisareva, 1955).
Also, the increase in the fluoride content of foods
processed with water containing 1.0 ppm of fluo-
ride is in accord with the increments reported by
Martin  (1951) for home-cooking of vegetables
(Table 2).

The relative importance of the foodborne fluoride
increment must be considered in terms of fluoride
intake from all sources, including all forms of bev-
erages (Walker <« 2. 1965). Since such data are
not readily available from the literature, a survey
was conducted among seven male members (age

30-50) of the research staff during a one-month
winter period. Total fluid intake (Table 3) ranged
from 1020 to 3150 ml per day, and this 3-fold

variation between individuals was still evident when
expressed on a basis of “kg body weight.” The

estimated (ocar fluoride intake includes a foodborne
estimate of 1.0-20 mg of fluoride per day (see
Discussion), and varied from about 2 to 5 mg per
day among the individuals studied.

DISCUSSION

The analy tlcal method described in this

Faper ermltsie etermmatlon of fluoride

sample of food, and thus has con-

siderab %advanta e over earlier qrocedures

In whi g of material was re-

%mred eIa9 Bellack’ 1958 Danielsen and
aarder; 55 Ham and

Smith,

The use of 8 Oasafl orlde flxatlve has
heen recommended ot ers |n er and
Armstrong, 1959: Venk teswar FRao
1954 and” assures an easi ytrans era e non-

vitreous ash (the only eXception was pork

Tabic 2. Increase in fluoride content of vege-
tables after treatment with water containing 1.0
ppm of fluoride (all values reported in parts per
million ).

Martin (1951)
Open Pressure- Commercial
saucepan cooker processing a
Beans 0.75 0.33 0.69
Carrots 0.64 0.33 0.42
Corn 0.26 0.25 0.36
Tomatoes 0.38 0.13 0.34"
Av. 0.51 0.26 0.45
“Data from Tabic 1.
bTomato soup.
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Table 3. Daily fluid intake of male laboratory personnel; fluid intake per day, milliliters.l

FLUORIDE CONTENT OF SOME FOODS AND BEVERAGES
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and beans, in which the high sulfur content
ap?arently caused a deleterious interaction
h the Mg It was éubse uently found
that pork and beans could be ahalyzed with-
out any additive), The present grocedure
reduces the error mvolve in corr cting f
the fluoride content of the MgO ?/rncu
|Hg ; esrtgn%ards with each group of samples
InCi
The drstrllatron arﬁparatus IS as descrrbed
% Singer and Ar srond except
t at we recommend a distllin chamber of
4 cm diameter (instead of 15 cm) to re-
duce ‘bumping,” and thus permit the use of
Iar%er amounts of ashed material. Sulfuric
acid is used nstead of perchloric acid, he-
cause our large amounts. of ashed maferral
caused severe™ decomposition of perchloric

For the actual determination of fluoride,
the advantages of the Bellack and Schouboe
method (1958) have been emp asrze ny
several authos (Chang and 830

; tal. 1965; harton
Sulfate drd not interfere wrth our analytical
Brocedure even thour[rh Bellack and Sthou-
oe (1958) had stated that sulfate inter-
ference was more seriqus at reduced hydro-
chlgric acid concentrations (i.e., in thé zir-
conium reagent). Although the final hydro-
chloric acid concentration in our modlified
procedure is_14% lower than that recom-
mended by Bellack and Schouboe (1958),
our levels of SPADNS and zirconium are
81 and 73% higher, respectively. Presuma-
bly, the intense color obtainéd with the
higher levels of these reagents counteracted
any deleterious effect of sulfate in the deter-
mination ; it also necessitated the use of an
unorthodox “reverse reading”  procedure
which, however, proved to be very repro-
ducible. The increased concentration of re-

?ents may also explam the linearity of our

andard curves throughout the  recom-
mended range, whereas Bellack and Schou-
boe (1958) “obtained agreement with Beer’s
Law only in the lower two-thirds of this
range. Although the ranPes covered by hoth
methods are similar, Bellack and Schouboe’s
results %1958) were obtained with a 2-cm
light-path, whereas our comparable sensitiv-
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ity was achieved with a light-path of only

Prevrous surveys have shown that the
fluoride content of most foods is in the range
of 0.2-0.3 ppm (Danielsen and Gaarder,
1955 Martin, 1951: McClure, 1949: Pisa-
reva, 1955% and. on this basis, 1t has been
estrmated t at the darly intake of foodborne
fluoride would mgi Danielsen
and Gaarder, 1955 McC ure, 1949). Some
analyses of entire meals have a reed wrth
this ‘estimate, reportrng a valye of 0
the daily intake of fludride with food gArm
strong and Knowlton, 1942 : Ham and Smith,
1950 However, other rnvestrgatrons (Cho
960; Ham and_ Smith, 1954) have re-
Borted a foodborne fluoride intake of 0.34-
er day In. areas where the water
was essentra g{ luoride-free. More recentg/
dge_and Smith (1965) have estimated
that for mdrvrduas whose drrnkrn? -wafer
contains low Iev%s or essentiall g o uorid e
and for whom there are no s cial fluoride
exposures, a_normal’ daily dietary intake in
thceotgnlrted States probably lies in the range

The " present furve indicates that foo
processed with fuorr ated water (1.0 ppm
erI contain 0 1.0 3p pm of F , instead o
the. “normal” ThJere fore, the
widespread use of quorrdated water (1,0
ppm) in food processrn% and preparation will
probaby mean a foogborne fluoride intake
per day, i, an rncrease of
about05 m? er day over the 0.5-15-m
range estimated by Hodge and Smith (1965
for "*fluoride-free” areas,
The observed fluid intakes of seven indi-
viduals ranged from 1to 3 L rr)]er day, even
thou%h all of them were healthy males en-
gae insimilar occupations in a srmrIar
nvrronment The variation reﬁorted IS pr%
anly less than would_have been observed. be-
twéen individuals with differing occupations
and environments, and total " fluid " intake
would undoubtedl¥ be higher during warm-
weather periods of the year.
The estimated ... fluoride intake
day for fluoridated 10 ppm) communi es

varied from 2 to 5 m% per day, averaging
31 mP er da¥ Krepkogorsky (1963 ) has
compiled data from drstrrcts W ere 10 ppm
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of fluoride is present in the drrnkrng water;
he reports an averagEe darIX total fluoride rn
take of 25 mg In 3. mg in the
Ukrarne and up 0 21 mg in other regions
of the Soviet Union. However tradrtronal
dietary habits can mar ked| 3/ affect the level
of quorrde ingested with food : thus. Elliott
an h 1960) have shown that the, sta-
ge dret o ewfoundlanders could contribute

%o fluoride per day in an area where
the dri krn% -water was fluoride-free. Krep-
kogorsky 8963) has recommended that the
total flyoricle intake by adults should not ex-
ceed 3.2 mg per day.

AIthou%h our survey was of limited scope,
it nevertheless indicatés that the use of fluor-
Idated water in food processing will cause a
? Ignificant increase In the fluoride content of
000s and beverages. Our data suggest that
some healthg in rvrdu Is erI Ingest u'o

ride ay, under normal in-
door vocational c ndrtrons for North Amer-
Ica. _Laborers exposed to oytdoor summer
conditions would' _undoubtedly ingest still
more, as wouId Individuals subject t chronrc
polydrpsrag ams and Jowsgy, 1
erbrunn .. al. 1965). A need 1s clearly rndr
cated for more extensive data. The total
fluoride ntake by individuals in a fluoridated
community should. therefore be mapitored,
and it medrcal Si nrfrcance carefuIIy con
sidered EA ams and ?(e 1965:"B %
stahler 965, Kregko orsky, 1963: Mari
ct al. 1963 Rose and arrer 1964: Sauer-
brunn -, aI 1965; Waldbott, 1963 ).
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A Thin-Layer Chromatographic-Colorimetric Method
for Determining Naringin in Grapefruit

SUMMARY

An analytical method for determining narin-
gin in grapefruit is presented. The procedure
involves preparing the sample by filtration,
evaporation, and coagulation followed by cen-
trifugation. The naringin is then separated
from its tasteless isomer by thin-layer chroma-
tography, and the naringin is recovered from
the chromatoplate. A modified Davis test is
employed for colorimetric analysis.

INTRODUCTION

The principal. flavanone _?I coside in
rapefruit is paringin, the bitter 7/3.neohes-
eridoside of naringenin (Horowitz. and
entili, 1963; Horowitz, 19_4?. This is the
compound_ primarjly. responsible for the bit-
terpess, of grapefr_un. Its 1somer, the 73
rutinoside - of narln%emn, also present in
gira efrult, is tasteles %Dunlap and Wender,
92 ; Mizelle et al.. 1965 : Horowifz, 1964).
Other compounds present_in grapefryit, suc
as limonin’ (Maier and Dreyer, 1965) and
poncirin  (Horowitz, 1964) " are secondary
contributors {o bitterness, _
Because bitterness 1S frequently cited as
the_principal deterrent to the profitable mar-
keting of graBefrun products, several pro-
cedures have been reported for the determi-
nation of narlngln._ he Davis test (Davis
1947), “when glled to. whole grapefruit
Bulce, suffers from the dls%dvanta e of not
eing able to differentiate_between” naringin
and 1ts tasteless isomer. Therefore, it is not
a_ reliable measure of naringin. bitterness,
The chromato rag ic-fluorometric method
reported by Hagen et al (1965), appears
fo be relidble. “However, It is "somewhat
Involved for routine determination of grape-
fru%_bltterness. o
This Paper reports 4 relatively simplified
quantitative determination of néringin em-
ploying a modification of both the thin-layer
chromatographic system reported by Hagen
et at. (1965 ) and Mizelle et al. (1965) and
the Davis test.
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EXPERIMENTAL

Unless otherwise stated, the grapefruit used
throughout this work was the Florida Duncan
variety, harvested November 1965 through Janu-
ary 1966.

Apparatus and equipment. Colorimetric mea-
surements were obtained with an Evelyn photo-
electric colorimeter using a blue filter (420 mg).
An adapter, to accommodate matched test tubes,
10 X 75 mm, was placed in the tube holder. A
minimum volume of 0.8 ml of sample was required.

Disposable micro-pipettes, “Microcaps,” accurate
to within 1% or less, available from the Drum-
mond Scientific Company, 502 Parkway, Broomall,
Pennsylvania, were used to apply all samples onto
the polyamide adsorbent. An International Clinical
centrifuge model CL No. 457A, was used.

Reagents. The test reagent, used for eluting
the naringin from the polyamide and in which the
yellow color was developed, consisted of 125 ml
methyl alcohol, 112 ml diethylene glycol, 13 ml
water, and 5 ml of 4N aqueous sodium hydroxide.
The aluminum chloride spray was a 1% solution
of AICIi in ethyl alcohol.

Preparation of thin-layer chromatoplates. A
firm, non-flaky polyamide adsorbent was prepared
by the method of Nordby 6t al. (1966). A mixture
of 0.8 g of rice starch, 0.4 g of silica gel (Fisher
No. 1 impalpable powder), and 9 ml of water in a
covered 20-ml beaker was heated for 40 min on
a steam bath with occasional stirring. Water
(1-2 ml) was added during heating as needed to
prevent caking. This mixture was rinsed with
3 ml of water into a 100-ml beaker containing
55 g of Woelm polyamide powder and 35-40 ml
of methanol. This mixture was stirred and then
blended in a Waring blender microcup for 3 min.
The resulting mixture was spread as a 250-g-thick
layer on 20 X 20-cm glass plates and allowed to
dry 2 hr at room temperature before use.

Procedure. 1) A 100-ml sample consisting of
both grapefruit juice and sacs was blended for
one minute in a Waring blender and then filtered
through glass wool.

2) A 50-ml sample of the filtrate was placed
in a 250-ml round-bottomed flask and concentrated
with a rotary vacuum evaporator and filter pump
(aspirator) at 45° to a viscous residue.

3) This residue was readily transferred to a
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15-m1 centrifuge tube with a disposable pipette,
IS ¢cm long. The volume of residue in most cases
was found to be about 8 ml. The flask was rinsed
with just enough water to adjust the volume in the
centrifuge tube to 10 ml. The flask was then
rerinsed with several portions of methyl alcohol
to give a 15-ml sample of juice-water-methyl
alcohol in the centrifuge tube.

4) The contents of the centrifuge tube were
well mixed and centrifuged at top speed for 5 min.

5) A 15M1 sample of the supernatant from
step 4 was streaked with a disposable micro-pipette
along a 16-cm-long pencil line drawn on the firm,
non-flaky polyamide adsorbent. The pencil line
does not destroy the layers. The firmness of this
adsorbent layer helped ensure against mechanical
loss.

61 The chromatoplate was developed twice in
the 5:2 nitromethane-methyl alcohol system re-
ported by Hagen .. 1. (1965). By developing the
chromatoplate twice, a better separation was
achieved between naringin and naringenin-7)3-
rutinoside. Each development reciuired about 45
min at 25° in a rectangular thin-layer chromato-
graphic tank with a filter-paper liner.

7) After development, the plate was allowed to
dry and lightly sprayed with Aids and exposed
to UV light (3660 A). Both naringin and its
tasteless isomer appear as bright-yellow fluores-
cent bands.

8) The naringin band, located by its yellow
fluorescence in step 7 and also by the use of an
authentic naringin marker, =« 0.31, was outlined
with a pencil, and the area was lightly sprayed
with water. The naringenin-7/3-rutinoside has an
=1 value of 0.38. The damp polyamide-naringin
area was scraped from the plate and placed in a
10 X 75-mm test tube (a small soft brush was
used for brushing the scraped area clean). The

water spray prevents the formation of an electro-

static charge, which could cause a loss while
scraping.

9) Into the test tube containing the scrapings
was added from a burette 1.50 ml of the test
reagent. The scrapings and reagent were well
mixed by syringing with a disposable pipette. The
yellow color starts developing during this period
and should be allowed to develop for 10 min be-
fore reading in the colorimeter.

10) The test tube was stoppered and centrifuged
at top speed for 3 min. The clear supernatant was
removed with a disposable pipette and transferred
to a clean 10 X 75-mm test tube.

11) The intensity of color was determined with
an Evelyn colorimeter (any colorimeter that can
handle micro samples could bhe used) against a
blank carried through the procedure from step 6.

12) The galvanometer reading, + (% transmit-

DETERMINING NARINGIN IN GRAPEFRUIT

tance), was converted to . (absorbancy) by
(» = 2 —log 7", from which the micrograms of
naringin were determined from a standard curve.

Preparation of standard curve. A standard
solution of chromatographically pure naringin in
methyl alcohol-water (1:2, v/iv) containing 1 ,ug
naringin per microliter was prepared. Nine light
pencil lines, each 16 c¢m long, were drawn on a
TLC plate composed of the same thin-layer ad-
sorbent used in the procedure (step 5). Aliquots
from 5 to 40 (1 in 5-gl increments of the standard
naringin sample were applied with disposable
micro-pipettes along the entire length of 8 of the
pencil lines. The first line contained 5 gg of
naringin, the second 10 .. and so on through
40 ., along the eighth line. The ninth line was
used in preparing the blank. The plate was lightly
sprayed with Aids, and the procedure, starting
with step 8, was carried through step 11.

The galvanometer reading was converted to ab-
sorbancy as in step 12 of the procedure and plotted
along the ordinate versus the corresponding gg
of naringin along the abscissa (Fig. 1). Standard
curves were also prepared by developing the stand-
ard naringin samples in the nitromethane-methyl
alcohol solvent system and scraping from the
plates in the same manner as the grapefruit sam-
ples, as well as, by direct addition of the various
standard naringin samples to the test reagents both
with and without the addition of AICB and poly-
amide. In all cases the standard curves were essen-
tially superimposable.

Precision and accuracy. The precision of the
method can be seen in Table 1, which shows the
results of five 50-m1l portions from the same 500-ml
sample of grapefruit juice carried through the pro-
cedure by different investigators. Also, a series
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Fig. 1. Standard curve. For experimental de-
tails, see text.
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Table 1. Determination of two flavanone glyco-
sides in five identical aliquots of grapefruit juice.

lig of flavanone glycoside/15 /| of
grapefruit juice chromatographed
Aliquot naringenin-
no.  narin gin 7/3-rutinoside
i 15.3 5.4
2 15.4 5.3
3 15.4 5.3
4 15.6 5.4
5 15.7 55
Mean 15.5 5.4

of seven aliquots from a different sample of grape-
fruit juice gave a mean value of 10.4 iy of naringin
per 15 /tl of sample chromatographed. The percent
standard deviation was 1.6.

The accuracy of the procedure was tested by
investigating the percent recovery of various
amounts of naringin added to a “base” sample of
grapefruit juice found in the precision studies to
contain 10.4 iy of naringin per 15 ful of sample
chromatographed. The enriched samples were car-
ried through the procedure. Table 2 shows the
recovery of added naringin.

Application of the method. Experiments were
conducted to determine the concentration of narin-
gin in three different varieties of fresh grapefruit
and in a commercial canned grapefruit juice. The
samples were carried through the procedure, and
the results are shown in Table 3.

DISCUSSION

This_analytical method_ for naringin can
be performéd on g routine basis in both
research and
both juice and sacs In step 1 was to obfain
a rea Istic commercial Aume samp Ie The
sample Sizes in steps 1 and 2 are ar |trarz/
The addition of methyl alcohol (acetone alSo

lant laboratories. The use of
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Table 3. Concentration of naringin in the juice
of three different varieties of fresh grapefruit and
a commercial canned grapefruit juice.

/ig naringin per
15 /i\ of sample

Grapefruit chromatographed

Duncan 15.4
M otta trace
Marsh seedless 10.8
Canned juice 16.6

aThe Mott grapefruit matures earlier than the
Duncan or Marsh seedless and is, in general, con-
siderably less bitter.

works weII in step 3 coaqulates the sus-
Pended 50 |ds therehy aidi ﬁ their separa-
jon by centrifug tlon The precipit teﬂ
solids gnd_ any resiaue remammg In the tlas
after rinsing” in step 3 were Examined b
sodium boro hydride-hydrochloric acid;
magnesmm h)(]dr ch orc amij and (shm [ayer
chromatogra eso resiques were
wrtuaX free of favon0|d material. The
addition of met hyI alcohol also affords a
ugernatant which has better streakm

Ities, such as lower wscosﬂy and
volatility, than juice alone.

The sample ‘in ste ishould he ap lied
as a_Smooth, even ste Th|s will, ad In
obtaining a Clean separation of naringin from
narmgemn -T1J-rutinosjde. With care and ex-
perle ce, one can eﬁect a Clean separation
with onl¥ one development, The Ry valyes
are 0.31 Tor naringin and038 for naringenin-

7/3-1utinosidc. owever two developments
areV recommended. \ ducted

arious experiments were conducted in
which_both thg naringin area and the narin-
geniu-7/3-rutinoside area were removed  and
Separately rechromatographed to see if either

Table 2. Recovery of naringin added to a “base” sample of grapefruit juice.

Sample /ig of naringin

/ig of naringin

lig of recovered dc recovery

no.a added per 15 found in 15 naringin minus of éddgd
/il of juice- fi\ of juice0 “pase” (10.4 /ig)  narin gin

i” 0 10.4 0.0 0.0

2 5 15.7 53 106.0

3 10 20.3 9.9 99.0

4 15 25.4 15.0 100.0

5 20 30.5 20.1 100.5

6 25 35.1 24.7 98.8

7 30 40.0 29.6 98.6

8 35 45.5 35.1 100.2

»Samples 1-8 contained an average of 10.4 i, of naringin in addition to the known amounts

of added naringin.
"“Base" sample.
cAverage of triplicate determinations.
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area contained any. of the corresPondmﬁ
Isomer. The separation was adequate in a
cases whe he ap I|cat| n and removal of
sample had been ropery performed ana
overloa |n had not occured.
g/ene glycol |n the test reagent
enhan es thé Intensit o the yeIIow co or
over that seen In methyl alcohol. D|ethP/ ene
gl col was the most e ectlve of severa W
0ls tested f%r this c?lor en ancement e
ratio of dietnylene glycol to metnyl alcoho
In the test redgent w s chosen to afford the
best com romlse between color enhancement
and Vvisc shX tfarlflcatlon of the sample In
step 1015 partially dependent upon a system
of T(hW VISﬁOSI'[ | ich s dee (0 f
e. vellow” color, which is due to the
naringi nychalcone formed by the action_ of
sodiy drOXI e on naringin (Horowitz
1964), is fu develoe after 10 min and
Is stable for t least 20 hr. The adsorbent
ﬁ/stem was shown not to develop color with
the test reagent.

This accurate and relatively rapid method
for_naringin would be aﬁhhcable in investi-
%attons ere the amounts of naringin and
aringenin-7/S-rutinoside are to be compared
and I correlation studies for bitterness.
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The Analysis of Volatile Components of Jamaica Rum

SUMMARY

The application of combined capillary-coT
umn gas chromatography and mass spectrom-
etry in analysis of the volatile components of a
heavy-body Jamaica rum is described. Pre-
fractionation of the complex essence— contain-
ing components in widely differing concentra-
tions— was performed on a packed column
previous to further analysis on the capillary
column. A large number of esters, aldehydes,
acetals, and alcohols were identified.

INTRODUCTION

The aroma of distilled alcoholic_heverages
has not been studied extensively. Only a few
data are avarIabIe in the Irterature on the
composition of cognac rané/ and wh rs}/
Most studies on Tum were oncemed with
fusel oil components and some of the lower
esters and carbon ByI compounds gBaraud and

Maurice, 1963 ober and Hadd way, 1963 ;
Fouassin, 1959 ; Ivepner et al, 1964; Maure
and L afarge 1963 Maurel, "1 964 Suoma-
Iamen 19 5) Recently, ¢ ertam higher hoil-

est)ers have heen “tentativel nt/ identified,
on the basis of thelr retention tinfes (Stevens

Martin, . 1965).

For studym% the aroma of certain gairy-
products, esse traI oils, and fruit essences,
use has b een mae of combined capillary-
column gas- rur cromatogra hy ang mass

ectro et CGLC Msg application

thrs tech lque has accelerated the develop-
ment of aroma research 0 a great extent
SButterK/I ot a g Day and. Libb g
cFadden “an Teranrshr 1%
McFadden et at., 1963, 1965)

ThIS paper presents the frrst results of
anaI sis of the aroma \%/ ho nt/
mar a rum with the ai of gas hronatog-
ralp ¥ and. mfrared and mas spectrometry

ac ronat on of an aroma extract on “a
Pac ked GLC column was applied preceding
he CGLC-MS analysis.

EXPERIMENTAL
Preparation of the extract. A Jamaica heavv-

body rum containing 70 volume % ethanol was
diluted with water to 25 volume % ethanol before

951

extraction, to reduce the amount of ethanol in the
extract. Four hundred ml of the diluted rum was
extracted with pentane-ether (2:1) in a modified
Kutscher-Steudel extraction apparatus for 5 hr.
After drying over Na20< overnight at 4°C the
bulk of the extractant was removed by distillation
through a Yigreux column until a residue of
0.5 ml was left.

Apparatus. s ogra A Becker
(Delft, Holland) instrument, equipped with two
katharometers, was used for trapping the fractions
for infrared (IR) and mass spectral (M S) analy-
sis. The instrument was fitted with two 4-meter
X 4-mm-ID aluminum columns (in the form of
loops), filled with 25% by weight of silicon oil
(Embaphase) on Chromosorb W, 60-70-mesh and
with 25% by weight of Lac-I-R-296 on Chromo-
sorb W, 60-70-mesh, respectively. A second instru-
ment (Perkin-Elmer F 6) was set up for capillary
columns joined to the mass spectrometer. Two
50-meter x 0.25-mm-ID stainless-steel capillary
columns, coated with polypropylene-glycol and Cas-
tor wax, respectively, were used.

chromat phs

aaaaa spectromersrs,  The infrared
spectrometrrc measurements were made on a
Perkin-Elmer spectrometer, model 13, and the mass
spectral measurements on a conventional single
focusing 60° magnetic sector field mass spectrom-
eter (Atlas, CH 4, Bremen, Germany). For the
entry of the effluent emerging from the capillary
columns the mass spectrometer was equipped with
a double ion source (Brunnee 1963). The
components emerging from the column are detected
in one ionization chamber working at 20 eV, so
that the carrier gas (He) is not ionized. The total
ionization current obtained from this chamber is
recorded as a concurrent strip-chart gas chro-
matogram. The mass spectra are obtained from
the material entering the other ionization chamber
working at 70 eV. The magnetic scanning speed,
used for the measurements described in this paper,
was set at 2 sec for a mass range of 20-250 m.u.
An ultraviolet galvanometer recorder (A.B. Elec-
trisch Malmleting, Stockholm) registered the spec-
tra at a chart speed of 25 cm/sec. The capillary
column was connected with the mass spectrometer
by means of a 70-cm X 0.15-mm-ID stainless-steel
capillary, to reduce the bleeding at the end of the
column. Since no split is applied at this position,
the whole effluent enters the ion source, resulting
in a very high sensitivity of the CGLC-MS ar-
rangement (TO"' g dodecane gave an interpretable
mass spectrum). The flow of the carrier gas. He.

infrared

et ah
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Fig. 1. Chromatogram of a rum extract. Capillary column, 50-m X 0.25-mni-ID coated with poly-
propyleneglycol; isothermal at 55°C for 16 min, then temperature-programmed at 2.5°C/min to 125°C.

was restricted by the capacity of the pumping
system to a rate of 0.5-0.7 ml/min. The vacuum
measured with a Penning gauge at the top of the
analyzer tube was 3.10" Torr during the entry of
the carrier gas.

syringes. The injections were made with 1-, 10-,
or 100-gl Hamilton syringes.

condensing traps. FOr the condensation of com-
ponents leaving the outlet of the katharometer,
traps as described by Badings and W assink (Bad-
ings and W assink, 1965) were used.

Procedure. sepsration andg trapping of conpo-
nents tor 18 anatysis. In order to obtain the com-
ponents of the extract sufficiently pure for IR
analysis, two columns with different stationary
phases were used many times. Reinjection of the
trapped components from one column on another
was accomplished with the help of a syringe after
adding a minute amount of solvent to the Badings
trap.

Prefractionatio for apillary column M S analy-

Prefractlonatlon of the whole extract for fur-
ther analysis on the capillary column was achieved
by condensing component fractions emerging from
the packed Lac column in Badings traps. Fractions
consisting of components present in minor amounts
were condensed in the same trap from replicate
runs; amounts of not more than 100 gl were
injected at one time. The condensate was injected
for further analysis and identification on a capillary
column coupled to the mass spectrometer with a
1-g1 syringe.

Analysis initrophenylhydrazoncs The
carbonyl compounds were isolated from the rum as
2,4-dinitrophenylhydrazones and analyzed by thin-
layer chromatography (TLC) according to Dhont
and Dijkman (1966).

of 2,4 -d

RESULTS AND DISCUSSION

The chromatoqram obtained by injecting
1]d of a rim extract on the polyprodylene

%chol caplllary column IS glven in Fig. 1
peak op the chromatogram was as-
5|gned a number. If a peak contained more
than one component as revealed by mass
S ectrometr one number was still %lven.
manyc mponents (numbers 22 3

81 87 89 a1, 92, 93, 943 %Ithou?ht
arﬁ)geared as a peak on thé chromatogra
mass sp ectra were too weak or 00 muc
obscured by contributions of preceding major
pea S for mterPretatlon
By fractionation on a packed column pre-
cedln? CGLC-MS analysls it s verEv possible

to obtain spectra of components present in
the exfract n ver?]/ low concentra lons, An
exampl IS given | ? Three 90-jd por-

tions o a rum extract were separated suc
cesswe}/ on the Lac column g a),

From these runs a fraction consisting of
three small peaks (shaded in FI% 2a) "Was
collected in"a trap according t0 Badings.

—— . gx o ox . EDRUN .
[
1 |
"
|
I
|

B
155°C "'u:‘(— T
Fig. 2a. Chromatogram of a rum extract. Packed
column, 4-m X 4-mm-ID filled with Lac-I-R-296
(25% by weight) on Chromosorb W, 60-80-mesh;
isothermal at 75°C for 50 min, then temperature-
programmed at 6°C/min to 155°C. Trapped frac-
tion is shaded.



Table 1. Gas chromatographic, mass spectral and infrared spectral identification of com-
ponents jn a rum extract.

Con- Con-
Peak firmed firmed
no. Identity (mass spectral) by IR™ by K1 h Ref.2
1,2 isopentane + pentane (solvent) — — —
3 ethyl formate + + +
4 2-methyl propanal —
5 ethyl acetate + + +
6 ethanol 4 +
7 diethoxymethane — + —
8 2-methylbutanol — + —
10 1,1-diethoxyethane - + 4
11 ethyl propionate + + 4-
12 n-propyl acetate — o 4
13 n-propanol — . 4-
butanol-2 — N 4-
15 ethyl isobutyrate + + -
17 1,1-diethoxypropane — — —
19 isobutanol + -f +
20 ethyl butanoate + + -
21 1,1-diethoxybutane - - -
23 l-ethoxy-1-(2-methylpropoxy) -ethane - - -
25 ethyl 2-methylbutanoate — - -
26 ethyl 3-methylbutanoate + + -
21 n-butanol - + +
28 l-ethoxy-1-butoxyethane - - —
29 3-methylbutyl acetate + +
31 n-propyl butanoate — — —
32 2-methyl-furanidone-3 + + —
33 ethyl pentanoate '|| + —
34 3-methylbutanol-I + + 4-
35 1,1-diethoxy-2-methylbutane — — —
36 1-eth0xy-|-(2-methylbutoxy)-ethane — — —
37 1-ethoxy-1-(3-m ethylhutoxy)-ethane — — —
18 ethyl hexanoate + + 4
furfural + + +
49 1-propoxy-I- (S-m ethylbutoxy)-ethane — — —
54 1-ethoxy-l-(3-methylbutoxy)-butane — — —
57 1-butoxy-1-pentoxyethane — — —
60  2-acetylfuran + — —
66 n-propyl hexanoate — — —
67 ethyl heptanoate + + —
benzaldehyde + + —
68 1,1-butoxy-pentoxyethane — — —
72 11-ethoxy-pentoxy-butane — — —
73 5(?)-methylfurfural + - -
74 1-ethoxy-1-pentoxypentane — — —
1 1-(2-methy|but0xy)-1-(3-methy|hut0xy)
ethane - -
79 1,1di-(3-methylbutoxy ) -ethane - — -
83 2-methylpropyl hexanoate - — —
85  ethyl octanoate + + 4
90  2-methylbutyl hexanoate — — -
95 ethyl benzoate +
96 diethyl succinate - + -
101 ethyl nonanoate — + —

*Also identified by means of IR measurements after trapping from a packed column
- = yes, — = no).

bKovats Index (K1) checked on packed column (+ = yes, — = no).

'Already found in rum by other investigator(s) (+ = yes, — = no).
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| i T 1(Fi(i' 20, peak numbers 11, 13 14, and 16,
| - Table 2).

q"

Lol e iy
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|
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=3 17 0

s 9 7 2 o

Jime i minates

Fig. 2b. Chromatogram of a fraction of a rum

extract (see Fig. 2a). Capillary column, 50-m X
0.25 -mm-ID coated with castor wax;
at 85°C.

The combined fractions were reinjected on
the same column and trapRe again. The
material wag then mr{ected on the Castor wax
capillary column, and the chromatogram of
Fig. 2b"was optained. Twenty-three™spectra
were recorded, 12 of which” were not ob-
served dur_mg the fotal extract run. Four of
these additional spectra were interpreted

isothermal

(Often, mass, spectra cannat be interpreted
without the information obtal,nfd from ?n IR
s;f)ectrum of the same material. Correlation
of an IR spectrum obtained from a c_omEJo-
nent trapped from a packed column with the
corresponding mass spectrum of the large
number of nass s,;fectra of the .components
seﬁarated on a capillary column js sometimes
dificult. When the extract is first fraction-
ated on a packed column and the resulting
fralctlons are then separated on a capillary
column connected 0" a mass _spectrometer
this correlation of mass and IR ‘spectra can
be established easily.

_ldentification of components. Taple 1
?IVGS dentification_of the components In the
otal-extract run (Fig. 1). When IR soectra
of components were recorded after _trapplng
from a packed column_this is also indicate
in the table, Table 2 lists a number of com-
ponents which were identified in rum by one

Table 2. Components identified in a rum extract with IR, MS, GLC, TLC, and uv.

Identity
2-ethoxypropanal
n-butyl acetate
pentanedione-2,3
n-pentanol
ethyl lactate
ethyl-3-hydroxybutanoate
hexyl acetate
isobutyl valerate
3-methylbutyl butanoate
1,1-ethoxy-hexoxyethane
formaldehyde
acetaldehyde
propanal
pentanal
n-hexanal
cretonaldehyde
acrolein
acetic acid
propionic acid
n-fcutanoic acid
n-pentanoic acid
n-hexanoic acid
n-octanoic, acid
4-methylguaiacol
eugenol

aDinitro

henylhydrazones separated
measured (9F.

con- Con-
firmed firmed
by MS by |

L O e Y B A B |

C Con-
firmed

by K1

Confirmed
WRf
and UVn

{/ R Ref.

| + * + o+ o+

. O Y O B O
I e L A I

Do

I T O
| 1

+ + + + + o+

-'I>+++++++|\\\++||\|++++++|

+

by thin-layer chromatography; UV maxima were
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of tlle methods mentioned under “Proce-
dure.” The method of identification used Is
indicated. Retention time checks were made
on the packed colump when pure compounds
were available, 1t 1s not particularly sur-
prising that a large number of C2—Qr; esters
of the” lower fatty acids were found. Apart
from ethanal, the alcohols propanol, isoby-
tanol. and isoamylalcohol occur in rum in
relativel Iar?e amounts. It I mterestmg
that such_a Targe number of acetals coul
be identified. Whether these acetals are
present In such large amounts in the rum
Itself or whether part are formed during
0ang ntra_ﬁlon of the extract I(Galetto el .
1966) will be mvestl%ated. N strawberries
(McFadden et al, 1965) and in a sub-
merged-culture flor sherry gGaIetto et al
1966). a number of acetals have been found
recently. The presence of furan com(tJ_ounds
In this"beverage obtained by fermentation of
sugar-cane molasses could be expected. The
most interesting of these "compounds,
2-methyl-furanidone-3, was found In coffee
(Giantdrco et al., 1964).
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Relation Between Scald of Montmorency Cherries
and Oxygen Content in Soak Tanks

SUMMARY

In studies of oxygen concentration and
scald in commercial soak tanks, scald developed
in bruised cherries in tanks with low oxygen
concentration in the water. Laboratory experi-
ments with bruised cherries in water or in a
nitrogen atmosphere showed that 2 ppm of
oxygen is the critical level below which scald
develops. No scald developed on bruised cher-
ries kept in water with an almost constant oxy-
gen level of 8.6 ppm, obtained by saturating
the water with air at room temperature (23 (1)
for 9VE hr.

In 1965 the Air-Aqua aeration system was
tested under controlled tank storage conditions
in Pennsylvania. It proved to he an effective
means of increasing the oxygen level of water,
thus controlling cherry scald. Aeration also
provided more uniform temperatures in the
tanks.

INTRODUCTION

Common practice in the handling of Mont-
morency Cherries for processing 15 fo store
them In soak_ tanks prror to "pitting a

processing,  These soak tanks rovrde B
Conveme t means Of Cleanmgr %Ol and Fig. 1. Comparative appearance of unscalded
Stonng arge quantmes 0 s C emes (») and scalded (s, Montmorency cherries. The

Processors arm
to obtain a firm product, but not lon§ enough
) encouraére the develop mentofcherr?/ scald  hapd or machine, In Iaborator% Xperiments
fsurface discoloration 1. Early studfes at- Whittenberger and Hills é 6) 'prevented
tributed the firming of cherrre(s t0 soakrntcr or brurseF cherries from scal rn% by marntarn-
0 coolrng Frrmrng IS now Known fo occur q ow temperature for 24 Tir.

faster at elevated témperatures %Hrlls et al, n spite of general efforts to handle and
1053 LaBelle and Moyer, 19? aBelle  cool the cherriés as swrfl a8 éros?rble scald
ol al, 1964 However he'use Q hgh tem-  develops. LaBelle et al oung
perafures | genera ly impractical beCause It  despite low temgerature and Iack of further
results, in disgoloration from cherr scald and  brujsing, scald continues to develop in the
oxidation. Cherry scald (Fig. 1 is often 2 soak tank, Another  factor observed b

under water.

Osoak the frU|t |0n enou%h photograph was taken while the cherries were

Rrob em to procéssors . and Bs durrr]g Dekazos . (1966) was that Jack . of oxye
an Irnq ang con rtronrnﬁ of t efr It. Scald  (100% nrtrogen atmosHhereP durin
15 a localized translocation of the red prgment caused scald”of bruiseQl chefries. To ascer-
from the skrn to the ersh of the c err tain whether low (or lack o oxv?en could
aBelle (1 g hitt nere Hrllé be related to scald in comme cralpocessrng
1956) an LaB Ile ef 9 o serve L}/(ﬁer(] concentratrons In soak tankf efe
that only bruised cherries scald ; fruit is ini- 4 3t a processing plant i

I
tially bruised during harvest, whether bv Pennsylvanra and In the laboratory at Belts-
956
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ville, M dar)(land The f|nd|n s of 1964 en-
courae he work of 1965 (in Pennsyl-
vania) ; tests under controlled simulated

tank storarqe condltlons of the_ efficiency. of
mechanical” aeration of water in rpreventmg
scald development in bruised cherries

MATERIALS AND METHODS

Montmorency cherries grown and harvested
commercially in the Biglerville area of Pennsyl-
vania were brought to the C. H. Musselman Co.
plant in wood lug boxes by truck. The 1964 and
1965 crops were used for this study.

A YSL (Yellow Springs Instrument Company)
oxygen meter, model 51, with a YSI 5023 probe
was used to measure dissolved oxygen and temper-
atures (°C) in the soak tanks. The oxygen meter
was calibrated to read directly in ppm dissolved
oxygen.

Commercial tests in soak tanks, 1964. The
soak tanks were approximately 16 ft long, 6/2 ft
wide, and 4 ft high. Fruit was dumped into the
tanks which were partially filled with cold water.
W hile the tanks were being filled with cherries,
water was allowed to circulate through the fruit
and overflow. The temperature of the water after
filling with cherries was above 16°C. W ith the
incoming 5.5°C refrigerated water, the temperature
slowly declined to 5.5-7.0°C ; soak time was 8-22 hr.

Oxygen content was measured initially when each
tank was half filled with cold water, before the
cherries were placed in the tank. More than an
hour was required to fill the tank with cherries.
W hen the washing was completed, oxygen content
was measured at the front, middle, and back of the
tank at depths of 2 in, v, ft, and 3 ft for each
position.

During fluming to the processing plant, cherries
from 15 soak tanks, which were surveyed for tem-
perature and oxygen, were scored for scald develop-
ment. For a representative sample, a handful of
cherries was picked at 1-min intervals from the
time the molasses valve was opened until the soak
tank was empty. The cherries were drained, and
a 100-0z sample was weighed. Scalded cherries
were separated by visual examination and weighed.

Laboratory tests, 1964. A series of laboratory
experiments were conducted with bruised red tart
cherries immersed in water at 23°C (73.4°F) for
s+ hr. The cherries were stemmed and bruised
(softened), but their skins were not broken.
Bruised cherries were placed in 1000-m| flasks con-
taining 500-600 ml water and the oxygen and
thermistor temperature probes. The water was
either fully saturated with air by vigorous agita-
tion or half-saturated by removing almost half of
the oxygen from saturated water by bubbling nitro-
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gen gas through it. Each flask contained 70 cher-
ries of approximately 310 cc volume and was sealed
with a rubber stopper to be airtight but allowing
the cords of the oxygen and temperature probes to
be connected to the oxygen meter. No air space

was left between stopper and water. Oxygen con-
tents were recorded at various times for each
experiment.

In similar experiments but with an open flask,
compressed air, saturated and clean, was used. This
air, 1250 cc per minute, entered the flask through a
Tygon tube which was spiral shaped at the bottom
of the flask, had a closed end, and was perforated
every inch with two opposite 1/32-in. holes. Prior
to reading the oxygen level, the compressed air
was turned off, the probe unit was shaken and
stable oxygen indicated. In this manner the oxygen
level in water was maintained around 8.6 ppm dur-
ing the s . hr of the experiment.

Another series of experiments were conducted to
find the critical levels of oxygen concentrations for

scald development of bruised cherries in air. Cher-
ries were placed on their unbruised stem ends so
that bruised areas were in contact neither with
each other nor with the flask. Airtight flasks
(1000-m| each) containing bruised cherries (12
per flask) at levels of 1, 2, 3, 4, and 5 ppm of
oxygen in a nitrogen atmosphere were incubated
at 90°F (32.2°C) for 18 hr and examined for
scald development.

Controlled simulated soak-tank tests, 1965.

Two soak tanks (3x4x4 ft) were constructed of
heavy-gauge sheet metal equipped with a Kennedy
gate valve no. 4. Both tanks were insulated with
Armstrong Armaflex 22 sheet insulation to protect
the fruit from excessive warm-up, since no re-
circulation of water was planned. An Air-Aqua
aeration system, no. 2399, manufactured by Hinde
Engineering Company, was used to aerate the water.

The weighted Air-Aqua tubing was laid in the
bottom of the tank in a grid pattern. There were
12 lines, 34 ft of weighted polyethylene tubing on
3.5-in. centers, connected to the 4-ft headered feeder
tube. The aeration tubing has small nonclogging
check valves die-formed into it during molding.
These check valves release air bubbles of optimum
size for maximum oxygen transfer. A flat ex-
panded metal diamond-shaped mesh (7/10 X 4/10
in.) screen was placed over the Air-Aqua tubing,
alleviating pressure and allowing the compressor to
operate. Air was supplied to the tubing by a special
oil-less air compressor of 54 hp-

Fifty boxes of cherries were dumped, one box at

a time, into eacli soak tank which was partially
filled with refrigerated water at 5.5°C. Besides the
normal bruising expected in commercial picking

and in transport, cherries for two tests
22) were also dropped 1,

(July 21,
ft prior to dumping into
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the soak tanks. Cherries for another test (July 27)
were flushed with refrigerated water of 5°C for
30 min to obtain a lower water temperature.

W hen the tanks were fdled with cherries, mea-
surement of oxygen content and temperature were
taken for tf front ang back of the tank at depths
of 2 in,, ft, and ft. Soaking time varied
from 7 to 17 hr. The cherries in the aerated and
unaerated tanks were scored on the basis of scald
development and browning. Sampling was achieved
in the manner described under commercial tests.
Scald and browning were separated by visual ex-
amination and weighed. Besides the composite
scald, samples were taken from the front and back
of the top, center, and bottom levels of each tank.

RESULTS AND DISCUSSION

Commercial tests in soak tanks. The
werght of the cherries, range of oxy?en con-
centration, ran e of temperature t aI S0k-
Ing. time, ercentag é)f scalde cerrres
mthetansa reserited in Table 1 The
data indicate tha Were IS g trend towards
Increasing scald with decreasing oxygen con-
centﬁatrog In tt(tjedwfater d
The obgerved deficiency of oxygen. duyin
soakran] % the ch errres can be ey>9p |aineq g
the fol owrng n) at s released from frurt
when dumped it the soak tanks, which in
turn decreases the solubility of oxygen in
water causing oxglgen 0 escape It has been
found that Brnq rries in U pxes in the
Igld exposed To the sun quickly reached
0 F above the temperature of the surround-

SCALD OF MONTMORENCY CHERRIES

ing air (Micke et al. 1965). h) The res-
prrratron process of cherries removes oxygen.

he rate of respiration depends upon em-
perature and bruising (Pollack ct al.. 1958),
granted that cherries are subjected to differ-
nt levels of bruising in normal commercjal
grckrn and in transRort Thus, the readil
vailadle oxy%en In the recrrculated refnge
ated water Used during the coaling proCess
Of cherries can be diminished since cherries
absorb oxygen.

Lahoratory tests. Bruised cherries were
placed In flasks containing either water fullg
aturated with air or water half-saturate
with air. Since cherries absorb oxygen the
oxy[gen content of the water In these sealed
flasks decreased progressively and finally be-
came ex ap(pted the cherries then showed
distinct sca

The hoIdrng time, o

scald develop ment of red tart cherries' at 2
levels of drs

Ived oxygen In water IS pre-
sented in T a(f % ¥ P

When the oxygen level reached 1ppm
cherries showe pparent scald. Complete
scald Was attarn%d in ? hr In half-saturated
water and r in fully saturated water.
Thus, bruising foIIowedb ox gen defrcrency
unn? soakrnri caused Brca scalded
condiflon. Scald formatron of bruised cher-
ries at low oxypen concentrations was also
observed by Polfack ct al. (1958) while con-

en utrIrzatron and

Table 1. The weight of cherries, range of oxygen concentration and temperature of water,
total soaking time and percent of cherry scald in commercial soak tanks.

Weight
No. of
of Date i

Range of
oxygen

Total

Range of soaking

tank 1964 (Ib) (Ppm) tem?féa)tufe t(lhm:; S[c'f:l;i
1c July 14 15966 25 5.5 17.0-6.0 8 i
13 July 14 15899 23 -1.0 17.0-6.0 1 |
9 July 14 15821 2.0 5.5 14.5-6.0 8 |
8 July 7 15610 20 -62 16.0-6.0 12 i
18 July 14 17542 20 -60 19.2-6.0 ° ?
8 July 14 15710 Zo —4o 14.0-7.2 8 ?
1 July 13 17910 15 -4.0 19.3-7.0 8 3
2 July 13 16876 15 -4.0 18.0-6.0 7 3
15 July 28 14173 15 -5.0 18.0-6.5 22 a
6 July 27 17292 15 -2.4 19.0-6.5 2 4
2 July 27 21411 15 -2.25 20.0-6.2 18 7
2 July 28 17216 10 - 20 19.0-6.0 20 15
5 July 27 17483 1.25-2.25 19.5-6.0 18 9
15 July 7 16914 10 - 2.0 18.0-6.0 18 9
r July 28 17041 10 - 20 18.2-6.2 21 9.5
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Table 2. Oxygen utilization and scald appearance of bruised cherries placed in sealed flasks
with either water fully saturated with air or half-saturated with air at 23°C.

W ater fully saturated with air

Oxygen
. conen-
Recording tratio Scald
time (ppmg appearance

10:15 am . 86

100 7.4

11 :55 59

12 :55 .M. 4.6

2:.00 35

3:00 2.5 A few cherries
are mottled

4:00 20 Many cherries
are mottled

500 16 Small scald spots
are beginning to
appear on many
cherries

6 :30 1.0 Scald appears on
practically all
the cherries

7:45 06 Scald appears on

practically all
the cherries

ducting respiration studies of cherries in
water at two different Aemperatures

Bruised cherries held in” water at a ratro
of 1:2 (cherrigs o wateq and sup fi) led with
compressed air in a continuous flow so to

maintain the oxygen concentration at ap-
proximatel g?m for the 9/ hr of the
experiment, appeared like the fresh, un-

brursed cherries, No scald was observed.

owever ZA) of the cherrres showed brown
spots tfh kin... This. oxid trve tfrownrng
norma Iy 0 Iows disruption of cellular struc
ture under aerobic condrtrrfns

Brirrsed cherries were also placed at vari-
ous levels of oxygen In a nitrogen atmo-
sphere for 18 hr.” Severe scald developed at
low ox qen concentratron at 1 ppm,
were scalded: at 2 m half were mottled
with small_ spots of scal 5 ppm
cherries did not scal. It was aIso observed
that unbrursed cherries placed 1n a nitrogen
atmosphere or in water with low oxygen
levels did not scald.

Controlled simulated soak tanks. The
aerated water tanks (Figs. 2-5) maintained

W ater half-saturated with air

Oxygen
congen-
Recording tration Scald
time (ppm) appearance

9:45a.m. 4.0

10:15 35 -

10:55 3.0

11 :30 2.5 A few cherries are
mottled

12:45 p.m. 2.0 Abouthalf of the
cherries are mottled

1:45 1.2 Most of the cherries
are mottled and a
number of scald
areas appear

2:55 1.0 Scald appears on
practically all the
cherries

3:45 0.8 Scald ismore
prominent on the
cherries

4:45 0.6 Area of scald on
cherries increases

5 :55 0.6 Area of scald on
cherries increases

7:15 05 All the cherries

are scalded

a_high oxy ?en level, 6.0-9.0 ppm, because

of the effec Ive aeratrrf(n system, whereas the
unaerate water ta egé were
eing dep eted of xygen

hour 01'q soaking, Water In the latter tanks
lost oxygen rapidly at the begrnnrng of the
experiment and. leveled off somewhat after
4 N, The cherries consumed oxy?en rapidly’
ato rthe gegerérnrn abutO theerrate 0 cogrsum
r of S 0X was

Lo e 1550) i that the Patg of
respiration of cherries in water 1s related to
the amount of 0X Igen nr)resent

grressrvel
rea rr)érm or less after the fotrth

Unaerated wat erature (Figs. 2-5
Was s? htIy higher ?r that of the aerategt
water, whrc aintained Its orrgrnal uni-

om of the

form, low temperature. The brf
unaerated water tanks had a lower water
temperature than the top. Temperature of
aerated water tanks Was uniform and showed
an increase of only 1°C.or less fgr each test.
During the soakirg period, the difference in
the average temperature between aerated
and unaerated water for the various water
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AERATED WATER

FRONT ® Iy
BACK ® A

@ =
_

0, CONCENTRATION PPM.
wm

UNAERATED WATER
(CONTROL)

(°C)

UNAERATED WATER --—--
(CONTROL)

AERATED WATER —— 7

WATER TEMPERATURE

16 | 1 1
2:00py 4:00 6:00 8:00

TIME OF DAY - JULY 19, 1965

Fig. 2. Oxygen levels and temperatures of
aerated and unaerated water in soak tanks. Read-
ings were taken at the front and back sections of
the top (2 in.), middle (v/2 ft) and bottom (2,
ft) depths of the tanks.

?e{pths ran?ed from 04 to 19°C. This dif-
erence of Tess than 2°C cannot account for

the extreme difference |n the percent of

scald hetween these tanks. Figs. 2-5 and
Table 5 %how that the ox ﬂen IeveI IS the
g a[jy ?ctor after bruising, Involved in
evelopment,
Unlform and low te geratures of the
aerated water are possible because the water
gently and comﬁletely mixed. Air, re-
ease through the check Valves as pin omt
hubbles, rises, causing counter- rot?]tmg cur
rents which constan%/ rotate  the “water
(Hurwitz. 1963). Water is efficientlv oxy-

SCALD OF MONTMORENCY CHERRIES

genated by the aeration System because the
mall air Hubbles released” singly are In the
waer lon enough for the oxygen to be ab-
sorbed. The uriform_temperaures of the
aerated water (Figs. 2-5 I) should eliminate
possible hot sgots In holding tanks, which
zirge also a problem to processors (Baker.

The comparison of cherry scald gable 3)
hetween the aerated and “unaerated water
tanks i practlcally mcontrovertlble In the
ormer, Sfa waﬁ eglible, whereas, in the
atter scald ryns q and a visual difference
between cherries in the two tanks was readily
pgarent Cherrles of the aerated tank had
a (eep-red color with occasional browmmﬁ
while those of the unaerated tank had a light
red color with cifn(?lderable fcad Cherr
scald was controlled effectively, even whe
cherries were held in water at ratios of 1:15,

AERATED WATER —

TOP  MIDDLE BOTTOM |
FRONT ® 4 3

0, CONCENTRATION PPM.

UNAERATED WATER
(CONTROL)

UNAERATED WATER ----

AERATED WATER ——

)

<

w (CONTROL) /3‘\%__ _______ 2

z 7 g B 8- -
= BB PR " &

< <=~ g

& 16— SO 1] B R &) —
a - BB -8 -l
= -

w 15— B sy

I L

o

LS L —
s

<

=

13 | 1 | i
1:00aM

1:00py 3:00 5:00 7:00

TIME OF DAY - JuLYy 20, 1965

Fig. 3. Oxygen levels and temperatures of aerated
and unaerated water in soak tanks. Readings were
taken at the front and back sections of the top
(2 in.), middle (1, ft) and bottom (2, ft) depths
of the tanks.
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10— AERATED WATER ]

TOP MIDDLE BOTTOM

FRONT ® A ® T
BACK C] A ®

0, CONCENTRATION PPM.
(3]
|

UNAERATED WATER
(CONTROL)

(°c)
T
\v

AERATED WATER —
14 | | |

WATER TEMPERATURE

12:00py  2:00 4:00 6:00

TIME OF DAY - JULY 22, 1965

Fig. 4. Oxygen levels and temperatures of aerated
and unaerated water in soak tanks. Readings were
taken at the front and back sections of the top
(2 in.), middle (v, ft) and bottom (2R> ft) depths
of the tanks.

21 211, and 2.5:1 (cherries to water}1
long as a|r was supplied to maintain a high
0X %en level.

e scald development of cherries and the
leveling of the oxygen concentration at g low
value in the unagrated water tanks |nd|cate
that scald _conditigns are essentially a
ﬁeroblc 8 in the nttro%en tmosphere (De
az0s 1966% ThIS anaerobic. Process can
be Initiated by subﬁectlng the hruised cher-
res t0 an atmosg ere which Is devoid of
oXygen, or to water or an atmosphere In

0, CONCENTRATION PPM.

WATER TEMPERATURE (°C)
®

TIME OF DAY — JULY 27, 1965

Fig. 5. Oxygen levels and temperatures of aerated
and unaerated water in soak tanks. Readings were
taken at the front and back sections of the top
(2in.), middle (v/2ft) and bottom (2G ft) depths
of the tanks.

which the ony\en concentration is below a
certain_relativély low critical value. Two
ppm of ox 8en Is the critical level below
which scald” develops in the expenments
The aerated water tank of Jug 22 main-
tained a high ox?lgen level, but 9.6% scald
was recordeq for the tank. Pockets may have
heen é)rmed the severely bruised and
crushed fruit, causin oxyﬁen to he inacces-
sible_to the cherries. The Cherries were Iarge
relatively immature, and excessively bruiséd
However, the percentage of scald ﬁor the
aerated water tank was much lower than the
25% scald for the unaerated water tank.
Cherries of the aerated tanks showmg
brownin mu?t have severe cg ww
prowning_of fruit Is ox eperident. Se-
Vere ceII |nJury of EJI |ssue (Getsmann
% leads to eyheno owgase actwlt%/
w |c %]enebr arded as emg respof-
sible for rowning_of plant_products.
C It 0 s Ul 2 oG e ”eg'é'
g/ere cell mgur shoucf b av0|ded gurlnyﬁt
harvest opérafjon, whet er one ?/ an or
macplne and | Post harvest h
The relations Pbetween scald an o ﬁen
content In laboratory tests has een ve
hv controlled field tests. This stud Q/ has een
successful In maintaining a high oxXygen level
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by mechanical aeration of soak tank water
tctp]%srr,ecsontrollmg tank scald of red tart
i€,
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SUMMARY

A study was conducted on the acetone- and
ethyl-acetate-extractable flavan polyphenols of
Waldhofler apples, an astringent-tasting juice
variety. The extracts were examined by cellu-
lose thin-layer chromatography with 5%
n-butanol and n-butano lacetic acid—water
(BAW) as the developing solvents. (—) Epi-
catechin was the major monomeric flavan
found; (+) catechin was present in smaller
amounts. A large number of unknown flavans
were also detected; most of these are thought
to be dimeric or oligomeric in composition,
since their =+ values did not correspond to
those of any known flavans.
nating unknown substance, Rf 0.58 in 5%
n-butanol and 0.46 in BAW, was purified from

ethyl acetate extracts by polyamide chroma-

tography followed by solvent fractionation.
The pure compound had a marked astringent
taste. The IB and UV spectra were typical of
flavans. On hydrolysis, cyanidin and epicate-
chin were produced.

tent of 33.7%. NMR spectra indicated that
condensations involved the A ring. Hydrolysis
of the methylated derivative yielded tetramethyl
epicatechin and a substance corresponding to

tetramethyl flavan-3,4-diol and other unidenti-

fied intermediate products. It is thought that
the purified proanthocyanidin is a dimer, or
possibly an oligomer, containing (

ents.

The other unknown flavans, not isolated in
pure form, yielded cyanidin, (—)epicatechin,
and a small amount of pelargonidin on
hydrolysis.

INTRODUCTION

The proanthocyanidins, or leycoanthoc
anidins phave be¢n the object of exten5|\¥e

research. yet our_knowledge of their struc-

ture_and Composition 1S far_from complete,
particularly for those of an oligomeric nature.
A recent Teview on the proanthocyanidins
has been presented by Clark-Lewis "(1962).

aPresent address:
tural Experiment
Geneva, New York

New York State Agricul-
Station, Cornell University,
14456,

The predomi-

Methylation with diazo-
methane yielded a compound with the empiri-
cal formula C.AMToOis'HsO with a methoxyl con-

—)epicate-
chin and 5,7,3,4-flavan-3,4-diol as constitu-

J.

P. VAN BUREN, G. SENN, and H. NEUKOM
Swiss Federal Institute of Technology,

Agricultural Chemistry Institute, Zurich, Switzerland
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Proanthocyanidins in the Apple

The 5|m|Iant|es of the condltlons for conver-
sion of m%menc froant ocyanidins, and
monomeric Tavan-3 4-diols Into cyanidins
%Joslyn and Goldstejn, 1964b} have led to
the general assumptlon that Iavan34d|ol
unlts are resent In mgomenc roant 0cy-
anidins. - This view 1" reinforced tl the
demonstratlonb Creasy and Swain

of the p roanthocfvanldln nature of a conden
sation pro ucto 0.7,3" 4 favan34d|ol ang
(—e |catec In.. Further, the elemental
composition of isolated proanthocyaniding
Weinges, . Geisman and |ttmar

065; Weinges and Freudenberg, 1965) is
consistent with the condensatior of flayan-
3 4-dliols with other flavans to form oligo-
meric proanthocyanidins.

Oligomeric proanthocyanidins belong to
the Iargse class of natural products known as
condensed tannins. The predominant char-
actenstlc of the condensed fannins is the|r
ab ||n¥ t0 comblne with protelns J)resuma ly

eans of dro%en ond f0 matlon he-

tvveen the J) erolic ydrox groups of the
tannin the pe[itl e lin ﬁge of the pro-
teins ? GUstavson [0 ert{a

protein binding may aIso be related to the
astnn%encd of ‘the Condensed tannins IgJos

oldstein, 1964a). Purified natu
ally occurnng1 proanthocyanldlns have been
regorted fo_have an astringent taste (Geis-

n and Dittmar, 1965).

Proanthocyanidins are widely distributed
In_nature, being assoclated to ‘some degree
with plants havin awoodyhblt of growth
(Bate-Smith and™ Lerner;” 1954). Apples
contain these compounds, and i this un
they contn ute fo the a [n ent tast
oxidative browning. |a s (196!
ported four dlstlnct proant ocyanldls o
apples. 1to and Joslyn (1965) “described a
number of chromatographlcally mobile apple
roanthoc an| ing, and aso rionmobile pro-
ant 0 anh n]s These latter materials are
Elro R merized compounds.

drolysis o their preparations yielded
canldtn pelargonidin, (—)epicatechin, and
4-)catechin. There are no’reports of mono-
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meric flavan-3,4-diols in apples althou%h
other monomeric flavans, (+ )catechin_and
(—)epicatechin, are found (Williams, 1960;
Herrmann, 1958).

Our_ investigation of the agiple proantho-
c|¥an|d|ns Was™ mage 10 grep e and puri

these constituents for study of their chemic

structure and behavior. We found that the
number of Proanthocvanldlns_was quite
large, but that one was present in relatively
Iar?e_ amounts.  This paper describes the
Bu Ification of this compound and Its chemi-
al characteristics.

EXPERIMENTAL METHODS

The apples used in this study were of the Wald-
lidfler variety, an astringent apple used for juice
and cider. They were harvested as indicated and
held frozen until used. For the extraction of poly-
phenols the skins and flesh were utilized, and the
cores were discarded. Extractions were carried out
by homogenizing with cold solvents and with the
addition of 50 mg of ascorbic acid per 100 g of
apple flesh.

Chromatography on cellulose thin layers was
carried out with 59i n-butanol and n-butanol-
acetic acid-water (6:1:2.2) used as the solvents.
Detection of flavans was done routinely with Echt-
schwarzsalz K (diazotized 4-amino-3,6-dimethoxy-
4'-nitro-azobenzol; Chroma Gesellschaft, Stuttgart,
Germany). This reagent gives a blue color with
flavans. =+ values showed slight variations from
time to time, and average values are given in this
paper. Used as standards were chromatographically
pure ( )catechin and (—)epicatechin (Senn
Chemical Laboratory, Dielsdorf, Switzerland).

IK spectra were made with KBr disks. NMR
spectra were obtained in carbon tetrachloride with
tetramethyl silane as an internal standard.

Hydrolysis of proanthocyanidins was carried out
in 9594 ethanol, 0.3,V with respect to HC1, at 70°C.
Cyanidin formation was evaluated from the ex-
tinction at 550 my (Hayashi, 1962). The pigments
produced were identified by cellulose chromatog-
raphy using Forestall solvent (Bate-Smith, 1954).
Polyphenol determinations were by means of the
Folin-Denis procedure (AOAC, 1960).

For column chromatography, polyamide powder
(Woelm) was pretreated in 95+« ethanol and stir-
red occasionally over a 2-or-3-day period. The
alcohol was filtered off, and the polyamide tvas
washed 2 times with 95% ethanol. It was then
suspended in 95% ethanol and poured into the
chromatography column. The powder settled rap-
idly, and the excess alcohol was allowed to drain

965

from the bottom wuntil about 1 mm of alcohol
remained above the polyamide surface. Samples
were applied as ethanolic solution to the top of
the column. Samples placed on a 4 X 40-cm col-
umn should not contain more than 1 g of polyphe-
nolics in order to get good separations.

RESULTS AND DISCUSSION

A Iarge number of palvphenolic com-
pounds Can be extracted from Waldhofler
apBIes by acetone. Some of these are known
sustances that can be readily identified by
cellulose chromato%r_aph , SUch as (—gg-
catechin, (4- )catechin, quercetin glycosides,
and chloro?emc acid, but a large proportion
do not correspond to any well-characterized
Bolyphenol. hese unknown polyphenols can
e ‘roughly divided into two classes: those
that move on chromeﬁograms developed with
5% n-butanol, and. those that do not move,
Both grouBs contain proanthocyanidins and
produce a blue color_characteristic of flavans
Wwhen sprayed with Echtschwarzsalz K. The
Immobile Substances are probabl?{, nolymeric
flavanoids, as Indicated by their | _|fqh_ ffmm{
fortc?llulose and their low solubiliy in ethy
acefate.

A good part of the mobile materials are
vabalry oligomers, . since m nny %f them
ere%oanth cyanidins but did riot have the
same Rf value 8 monomeric proanthocyani-
dins. FI%. 1gresents a comgosne 2-dimen-
sional chromatogram of these substances.
Some of these spots could not be detected in

! I ! 1
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s | .
E o o2 ®
: ®© 0% ©°@
® @@
- ) ]
&
Fig. _l_j____g_e_liuloE;eAWthin-Iayer chromatogram of

W aldhofler apple polyphenols.
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crude extracts but were found after fraction-
ation of extracts by colymn chromato%raph
or solvent partition followed by conCentr
tion of the fractions. The difficy tg in detect-
rng these compounds in orrgrnl extracts
was due to their low concentration in com-
parison with (—)epicatechin (spot no 15),
(+ Jcatechin (spot no. 12), and the unknown
substance of spot no. 2, since the aﬁglrcatron
of too large ah amount of polyphenol at the
or gin tends to make all the' spots more
use causin mrnor com onents 0 a[rr)]pear
Int smuages. It is also Ipossr le that a
ew spots may be due to artifacts arising
durrng fractronatron Jprocedures.

All"the spots In Fig. 1 except chIorogenrc
acid, spot rio, 1 are presumed to be flavans
because of their lack of fluorescence under
ultraviolet light and similar coIor reactrons

with . diazonium salts, vanillin-JdCl. a
FhrIrchs reagent. To ‘avold confusion the
flavone %chosrdes are deliberated excluded
from this figure
The concentratron of Roh(ghenols and
Broanthocganrdms in W ap%es de-
reases as the apples mature
The more mature urt ad more Oh/ep eno
er frurt than the Ju ey Ies an t
henols had a reatr tenéai for con
ersron Into cvanidin fyro SiS.
g Bov henolic content o the July rurt
X e rn part to the h IeveIs of
rogenrc aclds ound in rmmature apples
( alKer. 196321 Ch romatOﬂraphrc examina-
tion showed that the Rro oftion of (—) epi-
catechin to (+ )catec In and substance no, 2
was %reater for Jug a es than for the
Se te ber or October apples.
he concentration fsome of the p Olb/
henols in % tember rurt was estrmaf
om aring the color development on cellulose
chromato rams with standards of known
amounts “of (—)eBrc techin, (+)catechin,
and substance no. 2 (Table’ 1). This sug-
ests that, even though substance no. 2 1
e redominant drscrete nbroanthocyanr in
aldhofler a’oples It composes only about
21c of the total phenolics resent
Isolation of substance no. 2. Since sub-
stance no. 2 was a major component of the
mobile polyphenols, we, were Interested In

rsolatrn% and characterizing, this materral
For this purpose we found"it advantageous

PROANTHOCYANIDINS IN THE APPLE

Table 1. Amount of acetone-soluble polyphenals
in Waldhofler apples of different maturity."

Ctyanidin Polgm}%to

Plga(teng (mgl[;mferuit) (nig/g fruit) A(B[/)flérusiltz)e
July 82 15.1 11.2
September 56 6.7 53
October 43 45 55

LEstimated concentration of particular polyphe-
nols in September fruit (mg/kg) : (— ) epicatechin,
250; (+ )catechin, 120; substance no. 2, 120; sub-
stance no. 3, 20; substances no. 8 plus no. 9, 50.

to, extract the apple flesh by homog%enrzrng
with coId ethyI acetate thus eIrmrna rnr[; the
more highly “condensed po ryo enols at the
begmmn? After the evaporation of most of
the ethyl acetate the vrscous residue was
extracted with chloroform in order to re-
move the lipid materraI The residue was
?rsso ved rn eth (ano or eth }/ acetate and
urther separated. Our first procedure of
Burrfrcatro involved counter urrent distri-
ution hetween 1% NaCl an ethyI acetate
fol ow%d t% cellulose  co flft %roma-
torqraR‘ e gartrtron coefficient between

\IK NaCl and | acetate was 1.2 Indi-
catrn a slight. reference of substance no. 2

e 0rg anr hase. We were able to
o tarn enoug re material for elementa
analysis, spéctral characteristics, and con
frrmatron hat it was a roanthoc anidin.
T eproce ure was rte ong, owever and
the yleld was low. use uently, we foun
that we could secure su st nce no 2 almost
pure by chromatography of re atrve}r crude
extracts on polr(amr e “col umns wit
alcohol used as the elutrng solvent.

Good results In“isolating substance no, 2
on the polyamide column’ are due tg the
ﬁP H frrcu fstance that substance no. 2 was

f % ter the monomerrc polyphenols
but consrd rabl¥ hefore other polymeric po ﬁl
ghenos resent in the aﬁoe extract The
[ution pattern with eXI acoho frrst
showed ~unabsorbed su rs and  acids
chlorogenic acia, flav none lycosides, and
+)catechin, and then  (=)epicatechin.
fter a considerable vqume of eluate con-
taning, only a trace of epicatechin, there ap-
geare su stance no. 2. After substance no.
had heen eluted, there was a?arn an Interval
where onI traces of eprcatech N Were present
In the elute. Then, together, substances nos.

-8 and 9 appeared” Other polyphenols,
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orrgrnall present in the extract a rPphed 0
the column, could notb eIuted wrt ethanol
These tenaclous P Y phenols could e re-
moved with dimethyl” formamide.

The eluates that contained substance no, 2
were evaporated under vacuum, and the
residue was dissolved in ethyl | acetate,
Chromatography of the solution _indicated
the presence of (—eﬁrcatechrn The add-
tion of 2 volumes of chloroform to the eth}/I
acetate solution caused substance no, 2 to
recrgrtate while the (—)eorcatechrn re-
ained M solution.  The “precipitate was
collected by frItratron the esrdual solvent
waf evaporated, an the rgl residue was
colected as a slightly tan amorphous
Powder Two- drmensronal cellylose chroma-
ograPhy of the product showed the presence
of oply one component.

The infrared” spectrum of purified sub-
stance no. 2 was quite similar to that of

gcatechrn and —ﬁ 7orcatechrn In the
sensitive regron 0 0 cm“l the
spectra weré identical. Absorption bands
drcated the, presence of aromatic ether
ban s, aromatic rrngs and phenolic and non-
phenolic hydroxey grou%s The ahsence of
an absorption péak at 3250 ¢nrl rn icated a
strong  Interaction hydroxyl groups
Broba ly with other h droxyl gro P Car-

onyl flnctions were absent, as"well as non-
aromatic, C = C bands,

The Ulfraviolet spectrum_ was also similar
t0 that of the catechins, with an absorption
peak at 280 mx There were no absorptron

Color reactions of the purified substance
ave further indications of Its structure.
oux, 1963) vields the gray-blue colo

indicative o? o)rth% dihvdrox y ro/u S.

the rapid a earance of Ernk Sugoeste the

presenceo eta |yro rou Spray-

sulted n the slow"develop ment of are

brown_coloration more cha of proantho-
ent of thrs reddish-brown was consrderabR/
slower E an that found for i nthetic

peaks above 300 mix or in the visible range
reatment_with drchloroqurnone chIorrmrde
treated wrth Ehrlich’s rea gent Roux
o with dilute p-toluenesulfonic ac (?dl
cyanidins than of catechins. The' develo
flavan-3,4-diol. VaanIrn oux and

Marns 1960 groduced a pink color, and
bis-diazotized benzidine a brown color.  Sub-
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stance no. 2 was not detectable by ultraviolet
light when 1-cm-diameter spots Containing 2
il were tested.

Hydrolysis of the purified substance in
ethanglrc HCL resulted |n the formation of
cyanidin, as confirmed by chromatography
viith Forestall solvent. Maximum cyanidin
formation required about 1hr of hedting at

.. During the eargr stages  of “hy-
drolysis, one can aIso etect ‘the forma
tion of other phenolic  hydrolysis prod-
Ucts. Chromatograms obtained” after 10
min of hydrolysi$ indicated (—)eprcatechrn
as, the principal product. A trace of the
original ‘substance no. 2 could be seen. The
Identity of four other spots has not been
(let rmrned The relative amounts of the
hyarol ¥sr roducts as estimated by the

Intensi of col or develo ed with the spray
reagent indicated that the amount of eP
catéchin found was eﬂual 0 or shgh ly
greater than the_combined amounts of the
ther products. The later disappearance of
these Unknown Rroducts on further hydroly-
sis, together with the contrnued form tron of
canr In, suggests that the unknown |¥

n¥srs products are Intermediates. in_the
formation of cyanrdrn or epicatechin from
substance no. 2

Com}oarrson of the purified substance no

synthetic ,,34f|avan3 4-diol
(Freudenber% and Weinges, 1 52 a mono-
merrc proant ocy anrdrn showe]d hat the 2
gounswere dissimilar. They are chro-
mat raphrcaII different, the monomer
orme cyanrdrn much more rapidly at 70°C

In 0.3.V éthanolic HCL, and the monomer did
not form" cateching during the hydrolysis.

EIementaI analysrs of the_purified gpple
proant ocglanr in ?ave C 50.5% and H

Calculated for a dimer of 5,7,3'4"
fIavan 34-diol _and e |catech|n CsoHoeOio-
3HAO was C 56.9% and H 5.06%.

Substance no. 2 forms acetates with acefic

anh drrde and methyl derivatives with dra-

omethane, The acefate [rﬁroved of Irtt e value
for chafacterization of ecomrr)oun since
their chromatographic behavior was ver
similar to_that“of acetylated flavan mono-
mers, and, when hydrolyzed, the acetyl
groups were split off."The methyl derivative
was, however, quite useful. Theé methylated
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derivative was prepared by treating substance
no. 2 In. methah) ?pwrth e}écess drgzomethane
at —20°C until excess . diazomethane R

srsted 24 hr In the reaction flask, and chro-
matographic.inspection of the reaction mix-
ture Showed that most of the material had
been converted to a_single product. The

solvent and excess diazomethane were re-
moved, and the derrvatrve was purified b
chromatography on a silicic acid colum
with a 1:1 nfixture (v/v) of chloroform
and ethyl acetate. After Solvent removal,
methylated substance no. 2 was dissolved in
methanol, and from_ this solution was pre-
cipitated by the addition of water.

The eIementaI anaIysrs and methoxoy group
content  was
(OCH3) 33.69%, CaIcuIated for an octo
methY_| dimeric é)roanthocyanrd CggHe-
012-HD  was 6.02%, and
(OCH3 ) 35%.

The Infrared spectra of the methylated
Rroduct showed the Tp]resence of nonphenalic
ydroxyl groups. This corresponds to tne
experience” of Werndes (1961), who aIso
found that nonphenofic hydrox! groups of
proanthocyanidins . could™ not ™ bé" readily
methylated with diazomethane.

The NMR spectra of our methﬁrlated e-
rivative were run with tetramet I srlane
used as an interval standard. The resu trng
spectra were vrrtualleg identical to that foun
p Geisman and tttmar or a
similar ~ derrvative . 0 avocao roanto
cyanidin. . We optained a rgtro of 2 Kdro
9ens on the B ring to 1 hydrogen on t

The broadenmg of the srgnals com-
pared wrth those obtdined from methylated

monomeric flavans, was also seen, and this
we mterpret as bernﬁ due to the olrgomenc
nature of the proanthocyanidin.

The methR/Iated proanthocyanidin - was
hlydrolgzed ethanolrc 0.3N "HCI until a

% mount of red color developed. After
exhaustive methylation, the mixture was
chromatographed” gn %rlrca el with a 1:1
(v/vz mixture of chloroform ~and ethul
acetate as the solvent. Among the products
found were those correspon mg 0 tetra-
methyl epicatechin and 5,7,3' 4-Tetramethy|
flavan-3 4-diol. ~ Hydrolysis of the chroma-
tographically separated products showed

PROANTHOCYANIDINS IN THE APPLE

that only those components with Rf lower
than 0.4 produced red color,

The optical rotation, g )tz of the methyl
derivative in acetone was +45°.

The dried compound no. 2 was fairly
stable over several months at ropm temperd-
ture. There was only a slight tormation of
materials running stower than the parent
compound on chromatorqrams and a slrght
Incréase In_the tan color. The compound
was, markedly astringent.

The purification of substance no. 2 pro-
vided an opportunity to %arn some more
rnformatron a5 10 the nature of some of the
ot er funknown flavans, We obtained a num-
her o ractrons contarnmg Various propor-
trons of avans correspon md t0 Spots nos.

drolysrs of These fractions
yiel ded c¥anrdrn and“pelargonidin. A com-
arrson of the relative amounts of cyanidin
an pelargonidin formed with the felative
amounts of the three substances in the
fractions Indicated that substance. no. 3
was the precursor of eIargonrdrn and
substances no.. § and no. 9 were pre-
cursors of cyanrdrn These substances Wwere
more “firm 3/ on polyamide column
tan substancen 2, and ey were elute
together. The large number of substances
correspondrng to spots nos. 4, 5,6, / ,an 13
ere held even more stron]ge a/ on np }/amrde
co umns. H ro} gsrs Iel ure of
part pel ar onidin and 5 parts cyanidin.
It a ears tha at least Zsubstances ca Ipab]
mm arﬁonrdm are presen In the
roup] of avans Mos of the. mobile
avans, m num er as well as n uantrty, are
apparent Y, forecursors of cya 1din.
hyarol srso te3 8, and grou and the
45,6, 7J and 13 group produced epicatechin.
The ?rm Ies%conclusron as to the structure

f puri re supstance no. 2 IS that It IS @
drmer f 5,7.3'4-flavan-34-diol and ()
prcatec in." A low molecular werpht of th
oligomer is indic ted by the mobifity of the
substance on ce ulose” chromatograms, Its
elution from pol amrde columns following
the  monomers )patechrn and (epr-
catechin, and its re atrvelg high partition
coefficient between ethyl acetate and water,

e NMR spectra Indicate parficipation of
the A ring in the formatron of the dimer.
Elemental™ analysis Indicates that HZ) IS
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SUGGESTED STRUCTURE OF AN APPLE

DIMERIC PROANTHOCYANIDIN

Fig. 2. Suggested dimeric structure of substance
no. 2, a proanthocyanidin in apples.

eliminated as a resuIt of the dimerization.
The ratio of ¢ methyl groups to 12 0 in-
drcates 2 aIrphatrc hg/drox Is for each C
unit. . Because of th %re ter chemical re-
actrvrt?]/ of C4 than of C rt may be assumed
that te missing . rt/ roxy roup was the
one atte4gosrtro A propose structure
for the dimer is given ‘in Fig. 3. It is
robable that such a stru ture arrs]es from
e condensation of eprcatec In and
5734ﬂavan34dro| fact such a
condensation has been ob serve by Creasy
and Swain (51965) The possibility, how-
ever, aIso exists that such a structu e mi ht
arrset rour%] an as yet unk nown mechanism
invol vrn% e conderisation ofg1 epicatechin
and_catechin. A structure of the't eshown
In Fig. 2 has_been Presente recet (Geis-
man “and Dittmaf, 1965 Weinges and
Freud% nberg, 965)r for" other Eurrfred
proant ocyanrdrns hese sybstance
ever, do not appear to be identical to the
substance no. 2 that we have isolated, since
W/ do not ave the same Rt valles as
nd for the apple proanthocyanidin, They
%/ however, e isomeric forms, differing
t he configuration on the 2, 3, or 4 carbon
aoms
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Gas Chromatographic Determination of Anthocyanins

and Other Flavonoids as Silyl

SUMMARY

Gas chromatographic methods were devel-
oped for the separation of apigeninidin com-

pounds, pelargonidin, cyanidin, delphinidin,
petunidin, and malvidin. Protocatechuic, p-
hydroxybenzoic, gallic, vanillic, and syringic

acids— which are useful for the identification
of particular anthocyanidins— were also amena-
able to gas chromatographic analysis. Phloro-
glucinol could likewise be measured. Separa-
tion of rhamnose, ribose, xylose, fructose, ga-
lactose, and glucose was good. Except for fruc-
tose, the others are common glycosidic sugars
and aid in differentiating anthocyanins. Reten-
tion times were determined for the monogluco-
sides of delphinidin, petunidin, pelargonidin,
and malvidin; for a delphinidin glycoside ex-
tracted from wild grape hyacinths; and for
arbutin, hesperidin, rutin, and quercitrin.
Betanin likewise was volatile as the silyl ether.
Rhamnetin, catechin, and quercetin yielded
good gas chromatographic waves. Phenolphtha-
lein and naphthorescorcinol were sometimes
used as internal standards. The silyl ethers or
esters above were prepared in pyridine or di-
methyl sulfoxide. The data suggest that gas
chromatography might be used for preparative
as well as for identification purposes.

INTRODUCTION

Paper chromatograﬁhy IS probably the
most useful smgle method for he identifica-
tjon of anthocyanin com[[)ounds In its effec
fiveness and sim Imm(] is alread acassm

among methods houg it 1S but 2 %ars old
{Con den et al, 1944). It Is notwtout Its
aylts, however, For fuII resolution of f

values, one must u(fua ly wait 12-18 hr.
thermore, a Secon soIvent ma be. needed to
seoarate comp ouns yiel mg simil ar Rf
values In a sm le solvent. Because of te
time element and the fact that an alternate
method of analysis based on a different prin-
ciple or technique. often has merit to avoid
errors inherent within a_given method, this
study was undertaken. The purpose was to
learn whether anthocyanin compounds could
be determined gas cliromatographically.

Derivatives

REVIEW OF LITERATURE

Prior to the finding of Sweeley .« .. (1963) that
silylation of the hydroxyl groups on sugars and
certain other nonvolatile compounds made them
sufficiently volatile for gas chromatographic analy-
sis, méthylation and acetylation of polyhydroxyl
compounds had been tried (VandenHeuvel and
Horning, 1961 ; Jones .. ., 1962; Gee and W alker,
1962; Narasimhachari and von Rudloff, 1962).
Though separation could often be effected, the re-
sults were not nearly as spectacular as separation
through silylation has proved to be. Since the pub-
lication of Sweeley .« .. (1963) there has been a
remarkable flowering of methods for gas chromat-
ographic determination of nonvolatile compounds.
Among these substances are : steroidal compounds
(Kirschner 1964), bile, Krebs, and amino
acids (Makita and Dells, 1963; Horii «« ., 1965;
Smith and Sheppard, 1965), alcohols (Friedman
and Kaufman, 1966) and a few flavonoids (Furuya,

et ai,

1965a,b).
Friedman and Kaufman (1966) used dimethyl
sulfoxide (DM SO) as a vehicle for silylation.

Most prior studies had used pyridine. Furuya
(1965a) observed that retention times were the
same whether silylation took place in pyridine or

tetrahydrofuran. Waiss .« ... (1964) studied the
trimethylsilyl ethers of catechin, apigenin, and
quercetin by nuclear magnetic resonance. They

showed that all the hydroxyl groups were silylated.
Harkiss (1965) measured gas chromatographically
the combustion products generated upon pyrolyzing
rutin, quercetin, cyanidin, and pelargonidin.

EXPERIMENTAL

Materials. small samples of pelargonidin and
cyanidin of high purity were kindly donated by
Dr. Leonard Jurd, Western Utilization and Re-
search Lab., U. S. Dept. Agr., Albany, Calif.
These samples were used as reference compounds.
Dr. A. M. Neubert, U. S. Dept. Agr. Fruit and
Vegetable Lab., Prosser, Washington, had sup-
plied high purity delphinidin, petunidin, and malvi-
din for an earlier study (Somaatmadja and Powers,
1963). These compounds were also used for refer-
ence. Delphinidin was purchased from City Chem-
ical Co., N. Y.; cyanidin, delphinidin, poenidin, and
pelargonidin from K & K Laboratories, Plainview,
N. Y.; and cyanidin and malvidin from Aldrich
Chemical Co., Milwaukee, Wise. The two commer-
cial cyanidins yielded only one spot when paper

71
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chromatographed to check for purity. The del-
phinidin purchased from City Chemical Co. was
also pure. AIll the other compounds gave two or
more spots, with the second and third spot some-
times being of considerable intensity. The pelar-
gonidin was particularly refractory to handle be-
cause it was gummy rather than crystalline in na-
ture and quite impure. Anthocyanidins were also
prepared in our laboratory and purified by paper
chromatography (Somaatmadja and Powers, 1963).

The Hoilman-LaRoche Co. donated generous
samples of five apigeninidin compounds. These
compounds had been previously used by us (Powers
co a1, 1960; Somaatmadja and Powers, 1964). The
apigeninidir.-chloride furnished was very pure. The
samples of apigeninidin-chloride-4'-methyl-ether and
7-hydroxy-4'-methoxyflavylium chloride showed a
trace of a second substance each. The 57-
dihydroxy-3'4'-dimethoxyflavylium chloride and 7-
hydroxy-3'4'-dimethoxyflavylium chloride each
showed the presence of two substances aside from
the main compound. The impurities were present
in small amounts.

Arbutin, rutin, catechin, quercetin, quercitrin,
and rhamnetin were kindly donated by S. B. Penick
& Co., New York. The hesperidin used was from a
sample donated by the Sunkist Co., Ontario, Calif,,
approximately 7 years ago. It had been kept sealed
and under refrigeration since 1959.

Vanillic, protocatechuic, gallic, syringic, and p-
hydroxybenzoic acid, and glucose, fructose, galac-
tose, ribose, rhamnose, and xylose were purchased
from reqular chemical supply houses.

Malvidin-3-monoglucoside (M -3-G),
monoglucoside (Pt-3-G),
glucoside (D-3-G) were extracted from Cabernet
Sauvignon grapes. Delphinidin glycoside was ex-
tracted from wild grape hyacinths, w vsearia race
Pelargonidin-3-monoglucoside (P-3-G)
was extracted from strawberries. The procedure of
Somaatmadja and Powers (1963) was used to
purify the compounds.

Aglycones were prepared as described by Soma-
atmadja and Powers (1963) or by a modification
of their procedure. The modification consisted of
acidifying 90 ml of a methanolic solution of the
purified anthocyanin with 10 ml of glacial acetic
acid. The solution was then refluxed 1 hr, next it
was heated 15 min in an autoclave at 121°, and
promptly cooled to room temp. The anthocyanidins
were precipitated with lead acetate, washed free of
sugars, and the procedure of Somaatmadja and
Powers (1963) was followed thereafter. Both the
glycosides and the aglycones were powdery, crystal-
line masses.

Gas chromatographic conditions. The most
useful column was a 6-ft % -inch stainless-steel col-

petunidin-3-
and delphinidin-3-mono-

mosiim
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umn packed with 0.05% SE-52 on No. 203 glass
beads (Microbeads, Jackson, Miss.). Other col-
umns used were: 3% SE-52 coated onto 60/80-
mesh Chromosorb-AW-DMCS, 6-ft % -inch stain-
less steel; 3% SE-30 coated onto the same support
except the (4-inch column was 4 ft long; and 3%>
QF-1 dissolved in chloroform, then coated onto the
wall of stainless-steel tubing, 0.025 inch ID, 50 or
100 ft in length. For the latter, no support material
was used.

Model 609 or 810 F & M gas chromatographs
equipped with flame ionization detectors were used.
Temperatures employed ranged from 50 to 260°.
Nitrogen was the carrier gas.

SrIyIatron. Initially, silylation was always car-
ried out in pyridine (1.0 ml pyridine, 0.2 m| hexa-
methyldisilazane, and 0.1 ml trimethylchlorosilane).
Sample size ranged from 6to 10 mg. The reaction
mixture usually heated up spontaneously when the
trimethylchlorosilane (TM CS) was added, but, to
be sure that a reaction took place, the test tubes
were heated for 10 min in water at approximately
50°. Later on in the study, DM SO was also used
as a reaction medium. Five to 30 mg of sample
were dissolved in 0.5 ml DMSO; 0.2 ml HMDS
and 0.1 ml TMCS were then added. An exothermic
reaction usually took place, but when it did not,
heating was employed to he sure silylation occurred.

RESULTS

Anthoc anidins, Reéentron times  for

peargonr In, cyanidin, delphinidin, petuni-
peonidin, “andmalvidin_are lven rn

Tabe The 6-ft %-inch SE-52

statronar phase on glass beads was the best

column_for separatr The resqutron 0b-

tained is. shown In Fr L Petunr In ang
delphrnrdrn could not rear seé) rated

the 0.05% SE-5 ass umn
but the could be separae on t e4

Inch _SE-30, 60/80-mesh Chromosorb- AW

N column eonrdrn was always most
drffrﬁut to sl ahe Delphinidin was easrest
tos Iate and the sl I ether was stable for
awe or more In é)y dine and for 2-5 days

0, the ethers ap-
peared hdronze for the orginal red
color uItrmat ly return%d Malvidin“was also
easy, to silylate and chromatograph. Pelar-
rI; idin was somewhat mare difficult to sily-
ate. Some of the drffrcultres with Pelarq
din were a result of the poor 8ua Ity 0 the
first batch purchased. Liftle difficulty was
encountered' with a second batch which was

purer and more crystalline. Cyanidin was
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Table 1. Retention times for anthocyanidin compounds as silyl ethers.

| t T Retention

Compounds Column (m Olvymr?ng e(zgncp). (Wir?)
Cyanidin ia 80 - 30.0

2 140 250 19.2

3 80 250 18.4
Delphinidin 1 80 210 17.8

2 140 250 16.4

3 80 250 10.0
Pelargonidin 1 80 210 6.0, 10.0

2 140 250 3.8

3 80 250 1.8
Malvidin 1 80 210 23.0

2 140 250 12.0

3 80 250 12.8
Petunidin 1 80 210 19.2

2 140 250 7.0

3 80 250 13.8
Peonidin I'b 70 - 22.0

*Programmed at 15°/min from 210-255° with a Pl of 24 min.
"Programmed at 15°/min from 158-255° with a Pl of 16 min.

6-ft stainless-steel, ;i
6-ft stainless-steel, *4-inch 3%
4-ft stainless-steel, 14-inch 3%

Column 1=
Column 2 =
Column 3 =

9 I. PELARGONIDIN
2. PELARGONIDIN
3. DELPHINIDIN

4. MALVIDIN
S. CYANIDIN

8 12 16 20 24 28 32 36 40

MINUTES

Fig. 1. Gas chromatogram of anthocyanidins.
The column was a 6-ft stainless-steel, I4~inch
0.05% SE-52 on No. 203 glass beads with 80-ml-
nitrogen/min flow rate. The initial temperature of
210° was held for 24 min, then programmed at
15°/min up to 255°.

almost as drffrcult as peonrdrn to silylate and
to secure good chromatographic waves.
%yanrdrn Wa |cuIt t0_chromato ra h on
the SE-52 qass -pead column primar %/ be-
cause of Jts long retention trme and the fact
that breakdown™seemed to take place If too
Ion a time of column residence occurred.
was the limiting factor in se aratrnﬂ
delphrnrdrn angd petunrdrn In mrxtu es wit
cyanidin on the' 0.05% SE-52 glass-bead
column. If the temperature was o enough

inen 0.05% SE-52 0n No.203 glass beads.
SE-52 on Chromosorb AW-DMCS.
SE-30 on Chromosorb AW-DMCS.

to separate de (?hrnrdrn and petunidin, then
cyanrdrn lelded a low, flat wave, While the
-52 column was the best column
for m?st gurgoses other columns were more
suitab anidin.
Retention trmes for the 5 apigeninidin
compounds are In Table 2

Glycosides. The m?no lucosides of del-
phinidin, petunidin, pelargonidin, an maI-
vidin each yielded chromatographrc %?as
Their retention times are Ta
Fg 2 shows the peak which resulted” when
th coIorrng matter of wild rqrape hyacinths
was extracfed with methanol acidified with
r eCel ) recip alrtart)%d aWItprte$a acetatef \trgashreed
u r il -
drssolveé % acrdrfre methang |, then evapo-
e 10 g nes The pigment was a del-

rnrdrn%q cosr

Nonan thoc anrn a?nycones
were also de ermrn Retention tr es or
these compounds are listed In Table 4
?eneral lvcosides could be determined at a

ower temperature than ther(rJI aglycones
metimes certain glycosides or aglycones
re?r? d more than on b’eak even thouy% the
compound appeared to l? ure. rs ma
have been the result of resonance ‘Jur
1963; Jurd and Geissman, 1963). In studies

g dycosrdes and
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Table 2. Retention times for apigeninidin compounds as silyl ethers.

Retention
Flow rate Temp. time
Compound Column a (m1/min) (°C) (min)
Apigeninidin-chloride | 140 250 9.0
2 70 250 6.0
Apigeninidin-chloride-4'-methyl-ether
i 140 250 21.5
2 70 250 4.8
5,7-Dihydroxy-3'4'-dimethoxyflavylium chloride
1 140 250 12.0
7-Hydroxy-4'-methoxyflavylium chloride
1 140 250 14.2
2 140 240 7.0
7-Hydroxy-3',4'-dimethoxyflavylium chloride

i 140 250 9.

8
“Column 1 = 6-ft stainless-steel, 24-inch 3% SE-52 on 60-80-mesh Chromosorb AW-DMCS,
Column 2 =: 4-ft stainless-steel, 24-inch 3% SE-30 on 60-80-mesh Chromosorb AW-DMCS.

Table 3. Retention times for anthocyanin.

Retention

Flow rate Temp. time

Compound Columna (m1/min) CC) (min)
D-3-G | 80 210 80
2 80 210 23.6

M-3-G i 80 210 9.6
2 80 210 34.0

Pt-3-G 1 80 210 88
2 80 210 26.8

P-3-G 2 80 215 7.0
Cyaniclin glycoside 2 80 198 39.6
Delphinidin glycoside 2 70 245 18.8

"Column 1= 6-ft stainless-steel, 24-inch 0.05% SE-52 on No. 203 glass beads.
Column 2 = 6-ft stainless-steel, 24-inch 3% SE-30 on 60-80-mesh Chromosorb AW-DMCS.

on thg polarograghy of anthog anrné Soma-  due fo the formation of silyl esters as well
atmadja et al gand Keith and Powers s ethers.
1965a observed ouble or tnRIe polaro- The separation of a mixture of al cones
ra hrc waves for some anthocyanins at cer- and cosides 1S shown rn FIg. e fact
pH..levels, which is another Indication th at vanous tggs of a(p%/cones and rr%”(
fvanatron In"strycture or oxjdation state. ~ sides may. be termrne as chromg g
Gas chromatog raph%/ IS supenor to, paper raphy IS“important, for suc compouns
cromatogfralph In Dein abeto distinguish  rutiry. (DeEds and” Couch, 1948 quercetin
anomenc ms. See Fig. 3 for the mixture  (Williams and Wender, 1952 ? ang ar-
o sugars anaI zed, Very likely, some of the butin (Bate- Smrth 1959). “occur”'in” foods
di- p(le peaks encountered with — and possess physro ogic action.
comp oun s of known purity reflect drﬁer- The retention_times for beet p lgment at
ences In configuration. ~ Another possibility 230 on the 4-ft 3% SE-30 column were
IS that the gas chromatographic anaI SIS was 116 and 128 min. Another stron
prc % Impurities not detectea By paper sharp peak occurred at a retention fi eof
hromatography. Furuya (1965b) encoun- 4.7 "min, but this compound zgr{peared not
tered di- o’ mylti-peak responses for some to he derrved from the lpt}rment a column
of the flavonoids "he stud compose of 30% dret Xenep col succinate
benzoic acids grscussed eow?71 gr on Chromosorh ong, retention
more than one peak, this was assume times for heet prgments at 160° were 148
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0 —r— T
0 8 6 24 32
minutes

Fig. 2. Gas chromatogram of delphinidin di-
glucoside from grape hyacinths (wcisceria raceo-
‘‘‘‘‘‘ ). The column was a 6-ft stainless-steel 54
inch 3% SE-30 on 60-80-mesh Chromosorb AW
DMCS at 245° and a flow rate of 70 ml nitrogen/
min.

and_21.2 min. Two strong peaks occurred
earlier In the runq(at54 6.4 min), but
these peaks seemed not to be related fo the
red colored compounds (Peterson and Jos-

éu ars. Of aid in the identification of
ﬁnthocxamns IS the determrnatron of the
Ind and amount of g %cosrdrc sugars which
are liberated when anthocyanins are hydro-

lyzed. Retention times for sugars are shown
In Table 5. Fig. 3 shows_that these sugars
e e
othersp%Sweeie}% g qb‘ \Rrardeky
and Sloneker, 1965), but not always in the
same combination.

Benzoic acids. The kind of phenolic aCId
whrch Is liberated when the 'side rrng
split from the main ring of an anthocyanin
b}/ alkalin degradatron or through the use

Hq (Geissman, 1962) 1s also of dig-
nostrc aid. Clean separatron of phenolic
acr S (mtrca ?f those resulting from H202
egra jon o anthocyanidins ‘was achieved

q . etentron times are 9rven In

able 6. Not only should homato%
rap hrc ang| srs sr IE)Ilf}/ |ent|f|cat|on f
heno iC 4l s resultr rom degradation of
anthoc anrns 5 g (5 ave value In the
anayss of meta olic products.  Keith
an Powers 0(319 650 ). have shown that these

eno IC acids Inhipit or%anrsms mvadrng

e urinary tract. Horii (1965) re
Borted that acids of the Kre?s dycle could
e measured as trimethyl silyl derivatives

i the silane reacted both with. the
drox and carboxy n%rroups Since silyla-
tron of_ amin a (oups Oi urs

(Fishbein an Zre |nsk| 1965) swe
hydroxyl and carboxyl groups, sryatron of
ufinary. excretron prodUcts, derived from
fIavonords mr tbea ossible way o follow
metabolic cha ges In"a more sensitive man-
ner than at present.

Table 4. Retention times for nonanthocyanin glycosides and aglycones.

Retention
Flow rate Temp. time
Compound Columna (m1/min) (°C) (mim)
Quercetin 2 60 240 28.0
Rutin 2 60 255 4.2
3 220 250 2.2
Rhamnetin 2 70 250" 30.0
3 220 250 13.6
Catechin 1 80 255¢ 22.0
Arbutin 1 80 255r 14.7
Hesperidin 1 80 255" 16.4
Quercitrin 1 80 255 - 21.7
3 220 250 13.8
*Column 1+ - 6.5 stainless-steel, yf-inch 0.05% SE-52 on No. 203 glass beads.

Column 2 = 4-ft stainless-steel, 54-inch 3%
Column 3 = 6-ft stainless-steel, <iz-ncn 3%

SE-30 on 60-80-mesh Chromosorb AW-DMCS.
SE-52 on 60-80-mesh Chromosorb AW-DMCS.

bThe temperature was programmed from 170 to 250 at 2°/min.
rThe temperature was held 10 min at 170°, then programmed at 4°/min up to 255°.
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MINUTES
Fig. 3. Gas chromatogram of sugars. Rhamnose,

ribose, xylose, fructose, a-galactose, /3-galactose,
a-glucose, and )3-glucose were held at 115° for 10
min, programmed at 2°/min for 16 min, then at
6°/min for 10 min on a 6-ft stainless-steel, ts.incn
0.05% SE-52 on No. 203 glass-bead column.

Sensrtrvrty and applications, Generally
5 IJuL of samp Ie were |Mjected for eac
terminatjon. 0 was the reac
tren vepicle, the ether drssolved |n the up\B
N ane layer. the total volume of which

At the maximum level of 20 m q
sample 5er would contarn approximately

GAS CHROMATOGRAPHIC DETERMINATION OF ANTHOCYANINS

Chromosorb W. The threg samples were
Prepared by precrprtatrng the anthocyanins
rom g pint_of commerCial Concord grape
urce from 50 ml of an el htfold wine”bur-
%uny concentrate (Vie-De Fresno,
d from Efo ml of a true frurt elder-

berry extract (Seeley & Co., N
The tem erature was program ed at 6°/min
from 170 to 250°. During the first 4 min of
These
%would
ycosides and
min and on-

the runs, 6 o 10 peaks were observed
because_the d rawrn

)

are not depicted,
then be tao confusing. The
aglycones hegan to emerge at

10

0.3 % ether p rovhde the reﬁctron (yvas o ] 6 24
100% efficient (whic |t probab MINUTES
was). Frtq 6 shows the kind of chromato- ~ Fis. & cas chromatogram of zglycones and gly-
_cosides. rbutin, hesperidin, catechin, and querci-
grams Ob alned When 2 pL Of mlxed antho trin were held at 170° for 10 min, programmed at
anin p ments Were m eCted Onto a 4ft 4°/min up to 250° and held at that temperature.
%-Inch " stainless- ?tee| column Composed of A 6-ft stainless-steel j4-inch 0.05% SE-52 on
No. 203 glass-bead column was used. The nitro-
30/0 diethylene glycol succinate on60-mesh g% fiow Yate was a0 mtim in.
Table 5. Retention times of sugars.
Retention
Flow rate Temp. time
Sugar Columna (m1/min) (°C) (min)
Rhamnose | 75 115 5.6
Ribose | 75 115 6.2
Fructose | 75 119 8.8
2 60 175 9.6
Xylose 1 75 115 9.0
a-Galactose 1 80 119 11.0
(3-Galactose 1 80 119 12.8
a-Glucose 1 80 119 14.0
2 140 175 13.0
3 35 135 4.4
13-Glucose 1 80 119 15.0
3 35 135 6.4
Column 1 = 6-ft stainless-steel, j4-:nch 0.05% SE-52 on No. 203 glass beads.
Column 2 = 6-ft stainless-steel, j4-inch 3% SE-52 on 60-80-mesh Chromosorb AW-DMCS.
Column 3 = 4-ft stainless-steel, j4-inch 3% SE-30 on 60-80-mesh Chromosorb AW-DMCS
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o} 15 30 45 60

Fig. S. Gas chromatogram of phenolic acids, p-
Hydroxybenzoic, vanillic, protocatechuic, syringic,
and gallic acid were held at 110° for 45 min, then
programmed at 2°/min to 150°, and held. The col-
umn was a 6-ft stainless-steel, % -inch 0.05% SE-52
on No. 203 glass-bead column with a nitrogen flow
rate of 80 ml/min.

ward. One may see not onlg that gas, chro-
matography is Sensitive for anthocyanin and
related c?mpounds bu tEat the aé,t?rn IS
dlfferené or three_foods known to qiffer in
t¥pe and amount of antnocyanin content. All
of the Rt]eaks shown are ngt anthocganms.
No aftempt was made to identify the com-
pounds in detail other than to be sure the
Mmajor ones were anthocyanins or anthocy-
anidins, The anthocyanidins emerged toward
the end of the determinations.

_ Difficulties. One problem with the par-
ticular reagents used Is their. corrosjvity,
The authorS have not noticed this mentioned
In previous publications. The authors’ ex-
perlence was that syringes deteriorated far
more r_apldI){ than with nost other chemicals.
Sometimes ‘the authors have used the same

Table 6. Retention times of phenolic acids as silyl derivatives.

syringe for 2-3

carbonyl compo
1965 ; EI'Odle et al., 196

nas

The metal components

worn rapidly and th
from the corrosive
materials. With DMS

flon was even greater.

101

'

\

en lea

é

977

ears with food flavors ?r
Dornserfer et al.,
())fwnhout difficulty.

s%rlnges become

ed, ~apparentl
action of tt?g silan)é

N

0 .
The silicon materials

the corrosive ac-

,.
|
: |
|
|
| |
n
|
| [

~

16 24

MINUTES

Fig. 6. Gas chromatogram of mixed anthocyan-

ins.

wine concentrate, and E =
extract. The pigments of the three samples were
measured on a 4-ft Winch stainless-steel column
loaded at a 30%
Chromosorb W.

Phenolic Flow rate
acid Columna (ml/min)
p-Hydroxybenzoic i 80
Vanillic i 80
2 40
Protocatechuic 1 80
2 40
Syringic 1 40
2 40
Gallic 1 110
2 40

Temp.
CCp)

105

105

105

105

105

105

105

125
90-210
6°C/min

C = Concord grape juice, BC = California

true fruit elderberry

level with DEGS on 60-mesh

Retention
time
(min)

4.2
12.5
8.4
14.0
9.9
325
17.5
7.0
14.2

*Column 1 = 6-ft stainless-steel, W 'nch 0.05% SE-52 on No. 203 glass beads.
Column 2 = 100-ft stainless-steel, 0.025-inch ID, 3% QF-1.
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formed upon burnrno of the effluent also
coated the detector jets and collecting rrng
This 15 one reason” quantitative resglts dre
not given here. It ‘was very difficult to
measUre compounds quantitatively. unless an
rnternal standard  (phenolpthalein, naph-
t oresorcrnol sucrose or some srmrlar c m-
pound) was used, because sensitivity of the
rnstru ent changed drasticall rn the course
etermrnatr(ons as a résult of fouIrnP
o the etector and collecting rrno In fac
for the most difficult compodnds o measure,
the detector was swabbed with acetone after
the solvent peak had emerged. This pro-
cedure could be used, of course, only. for
compounds having a retention time consider-
ably removed from the rngectron time, To
destroy excess silane reag nts, ethanol was
added to some ?am les on_the theory that
the ethanol would react with excess “silane
materials, cuttrnq down the solvent peak
and minimizing their action of foulrn% the
detector, It was assumed that if ethanol
ended up rn excess, It— berng volatrle—
would pass t rou?h the column quickly and
thus would not ineyfere with the compoynds
of Interest. The ethanol seemed to perform
a second function. Not only was the solvent
peak reduced In srze but” the silyl antho-
ﬁnrn >Pea was often'increased in Size. The
0 lanation the authors have for thrs
actron that the ethanol sl ny ether Rossr
acted as a solvent for the art hocvanr ether.
Especially in the DMSO tubes there some-
times se med to be droplets of an oil-like
{ngtesrranef 0atin at the mterfaﬁgn beettt\r/\a%eori
r
Was aoFl 3 the bea |ke rops drsappeared
Contral mgectrons of_ethaiol silyl ether
were injected, i, without any other hy-
droxy- contarnrng substances, to be siwe gas
chromatograp ic peaks from an_ethanol
silyl ether were not interfering with other
peaks observed. No,_ interference was ob-
served, but this possibility must be kept in
mind, Ethanol was not always used. In
fact, it was used only when the”solvent peak
from the DMSO ~ tubes seemed to be
EXCEsSIVe.
A difficulty encountered, which is men-
tioned as a note rather than an_ analytical
problem, was the action of the 7-hydroxy-

GAS CHROMATOGRAPHIC DETERMINATION OF ANT110CYANTNS

4'- methoxrr]/flav lium chloride on the |nd|
vrduaé 0 Tréquently weighed out samrP

It Induced sneezrng for several minutes
thereafter.

Preparatrve ?as ch romatogra

data sug gest tha
serve a

The
%as chromatograp h might
repara Ive means_for se aratrn
nt ocvanr or o%er fIavonord mat rraIs 0

purity. e first place gas chrom-
ato%raphrc anal sis often reveale the Pre
ence. of Impurities (or resonance fo ms}
which aper chromatograrohy did not revea
Secondly, the anthocvanin silyl ethers spon-
taneously decomposed upon standing " for
some time. This suggests that. the “com-
Pounds could be separated as srh{l ethers,
hen regenerated to the original arithocyanin
compounds. Friedman and Kaufman (1966
were able to recover the tertiary alcohol
with which they started. Waiss et al. (1964
described conditions. of hydrolysis for the
compounds they studied.
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Use of Carbazole to Determine ;'-Ribonucleotides in Meats

The 5-ribonucleotides have attracted con-
siderable interest in recent years ecause of
therr tlavor effects m a Variet n¥ of oos

Kuninaka, 1960 Caul and Raly ond, 1964

urtzman and Sjostrom, . 1964 Shimazono,

. Ope of them rnogrne monophosphate

,has_been Tiste among the com
pounds associated with the peasant mea
aroma in red meats (Batzer et al.

1962) and fish muscle" (Jones, 196?1

Quantitative _determination of the 5-
rrbonucleotrdes IS usualla/ based on measure-
ment of ultraviolet abﬁ rption after separa-
tion by ion- exchangec romato raphy, aper

artrtron c romatotorag X a er eec [o-

noresis (Chargaft and Davig son '
(196kham 1955 Lento, et al, 1964). Solms
tween: carbdzole and sugars In concentrated
sulfuric acid as a colofimetric method for
quantitative_determination of 5'-ribonucleo-
tides. The 5™-nucleqtides give rise to a_color
with a characteristic absorption maximum
at 685 mi, When the method Is applied to
meat products, the pucleotides must p
vjously be separated by chromatography or
eIectr phoresrs This note presents” an
0 servatron suggesting that useful results
can be obtained withodt the rather laborious
separation of the nucleotides.

EXPERIMENTAL

The experimental material was samples of longis-
simus dorsi from pork and beef carcasses. Of the
sample to be analyzed for S'-ribonucleotides, 5-15-g
portions were homogenized in an Ultra Turrax
mixer with 20 ml distilled water. The homogenate
was heated to 90°C to precipitate heat-coagulable
protein. The sample was transferred quantitatively
to centrifuge tubes, and the precipitate was removed
by centrifugation. The precipitate was resuspended
in @ minimum amount of water and centrifuged.
The supernatants from the two centrifugations
were combined. To precipitate the remaining pro-
teins, 10 ml of a 20% solution of trichloroacetic
acid and 30 ml of 96% ethanol was added to the
agueous extract. The mixture was centrifuged, and
the trichloroacetic acid and ethanol were removed
by three successive extractions with equal volumes
of diethyl ether. The aqueous phase was diluted
with water to exactly 250 ml.

4) " suggested use of the reaction be-

980

Carefully added to 5 ml concentrated sulfuric
acid (150 ml 98% H 2504 and 50 ml H20 mixed
and chilled) in a test tube was 1 ml of the extract
and 1 ml of a freshly prepared 0.1% solution of
carbazol in 96% ethanol. The mixture was shaken
and heated for exactly 5 min in a vigorously boil-
ing water bath. After heating, the mixture was
chilled for 3 min in an ice-water bath, and the
absorption of the resulting color was measured with
a Hitachi Perkin-Elmer UV -VIS spectrophotom-
eter between 440 and 700 m/i against a blank with-
out extract. Standard solutions were prepared with
IMP (Takcda Chemical Industries) and glucose
(P.D.). The contents of reducing sugars in the
extracts were determined by the method of Hage-

dorn e a1 (1946).

% 1 shows the absorption spectrum_of
the Color developed with an extract of 7
gtpork muscle (curve A). 1t has a maximum

RESULTS AND DISCUSSION

565.mx. The same absorption maximum
IS obtained when the color IS developed with
a_solytion of oure glucose. Curve B In
Fig. 1 depicts the spectrum for a solution

a7

06
805
8
204

03

02

ot

_______________ )
700 650 400 550 500 450mu
wavelengtt

Fig. 1. Absorption spectrum of color from carba-
zole reaction with 1 ml A) extract of 7 g meat,
B) 75 mg glucose in 250 ml H20, and C) 125 myg
IMP in 250 ml H»0.
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550 ,ruo

700 650 vfc%lengtﬁso 500

Fig. 2. Absorption spectrum of color from carba-
zole reaction with 1) extract of 7gm eat-»
and 2) 75 mg glucose and 125 mg IMP -0 e 0 _-

?f 5 mﬂ]glucose in 250 ml. We see that |t
ollows thé same pattern as curve A exceg
at wavelenﬂths above 600 mj, where it h
ﬁsteeﬁer fafl. The color developed with IMP
a5, Nowever, an mcreasmg a sor tion at
wavelen hs above m‘g urve C
shows. When a mlxture 0 75 gucose
and 125 mg P in 250 ml |s Uséd
absorption Spectrum matches that of the
meat extract, as shown in Fig. 2. When the
content of reducing sugars 1 the sample to
be analyzed Is known, the absorption sPec
trum can thus be compared with tha
corresponding [qucose olutions contammg
various, concentrations of [MP. When th
absorption spectrum matches that of the
meat extract the IMP concentration cor-
respond s o the concentratlon of _5-
rlbonug eotldes In the meat extract. The
metho ows approx. 100% recovery of
3 0 meat sam les I amounts
corresPon mtk to naturall occurrmg con-
fentra jons |bose5ghos fate ma}/ inter-
ere with the determination, for it gives the
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Table 1. Content of 5'-ribonucleotides in pork
and beef loin muscles.

mg nucleotide
per 100 g meat

Raw pork 180
Roasted pork 165
Raw beef 210
Roasted beef 160

same absorption maximum as the. 5-
nucleotides. " It occurs in onlhl relatively

minor concentrations I meats, nowever.
The table shows determinatjons of 5-
rlbonucleotlde content in samples. of pork
beef muscles. The reprodumblllty of

ethod 1s around 10 mg per 100 g of
Samgp g per 100
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Resist-ant Bacteria on Antibiotic-Treated Fish

SUMMARY

Fillets of English sole (Parophrys vetulus)
dipped in solutions containing 5 ng/ml of
Chlortetracycline (CTC) or Oxytetracycline
(OTC) showed a gradual increase in number
of antibiotic-resistant organisms under storage
at 5°C. There was a strong selection for bac-
teria able to tolerate up to 5 nS of antibiotic,
although organisms showing greater resistance
also appeared. There was marked cross-
resistance to both antibiotics. Fillets which had
been heavily contaminated with resistant bac-
teria at the time of antibiotic treatment still
had a shelf life considerably longer than that
of untreated controls. When fillets carried a
mixed population of sensitive and resistant
bacteria, the latter exhibited no selective
growth advantage in the absence of antibiotic.

INTRODUCTION

Tetracycline antibiotics are not wrdely
used at Presen} 50 far swe know, fo retard
the spoilage of fish an poutrg Since the
are definitely useful under certain condrtron
?wever thie results regorted here ma

Interest to food processors. Most 0 the
many rnublrcatrons bout the relative merits

I different antibiotics for the preservation
of a variety of foods have dealt with nuantr
tatrve changes affectrng the bacterra flora
of treate] More séld g getal,
1957) has attentron heen Par t0 the emer
ence o antibiotic-resistan bacf[erra an
thev\;) actrcal sranrfrcance thereg
ling eanltnh\)/%% c atér%gthtg ebaecftfeerC : rohot{%”%f
| ibioti |
ﬁl h fillets we observed and, foﬁowed the
ap earance of resistant or%anrsms Because

%re able to gNow [ reTence of
the anti otrc they Would, theore caléf tend
t0 negate the advantages of antibiotic treat-
ment. In Vi w of the]poor sanrtarY condrtrons
often. foun ack mg Lﬁ nts, these
antibiotic- resrstant bacteria Could become a
gotentral source of trouble should antrbrotrcs
ecome more wrdelx used In roces%rneg
report deals with teap pearance of r srsta
hacteria on antibiotic-treated fish and with
the effects of heavy recontamination by these

d t%'
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bacteria on the efficacy of antibiotic
treatment.

MATERIALS AND METHODS

Fillets of English sole (ezr05 sy cut
from fish within 20 hours of catching were obtained
from local processors. They were used only when
no subjective or objective signs of spoilage could
be detected..

Treatment. Fillets were immersed 5 min in a
5% NaCl solution in tap water containing 5 ., of
antibiotic per ml. Control fillets were dipped in a
5% salt solution. The temperature of the dipping
solutions was approximately 18°C. W hen desired,
various bacteria were added to the dipping baths.

Storage. The treated fillets were wrapped in
groups of four in wax paper and stored at 5°C.
Samples consisting of at least 2 fillets were taken
daily.

Bacterial counts. Bacterial counts were made
on juice obtained from the fillets with a mechanical
press. With a sterile bent glass rod, 0.01 ml of
appropriate dilutions was spread on the surface
of Difco Penassay Base agar plates. Colonies were
counted after 24 hr of incubation at 25°C. Resistant
bacteria were counted in the same manner on agar
to which the desired amount of a sterile solution
of antibiotic had been added aseptically at 50°C.
The concentrations of antibiotic thus obtained in
the agar ranged from 1 to 50 /tg/ml. These values
were checked by bioassay.

Assessment of spoilage. Organoleptic examina-
tion w'as complemented by estimations of volatile
reducing substances (VRS) and of trimethylamine
(TMA) nitrogen, the latter by the Conway micro-
diffusion procedure (1947). Both determinations
were carried out on press juice from the fillets.
The VRS content whas determined by a modification
of the method originally described by Farber and
Ferro (1956) ; the degree of reduction of the per-
manganate was estimated colorimetrically by read-
ing the difference in OD at 610 nifi between the
unreacted and reacted reagent and obtaining the
value in microequivalents of reduction from a
standard curve. Details of this method are being
described in a separate communication.

Antibiotics and assays. Mostof the experiments
were done wdth chlortetracycline (CTC) kindly
supplied by the Lederle Laboratories Division of
the American Cyanamid Company. Also included
in some was oxytetracycline (OTC) obtained

hrys vetu
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through the courtesy of Chas. Pfizer and Co. From
time to time the medium wused to estimate the
number of resistant bacteria was assayed for anti-
biotic by the method of Grady and W illiams (1953)
as modified by Broquist and Kohler (1953).

RESULTS AND DISCUSSION

Rate_of appearance of resistant bac-

teria. TWO rouRs of sole fillets were respec-
trvelgotreate with CTC and OTC and_stored
at . The ercentage of antibiotic-
resjstant orqanrs S Was

making duplicate bacterial counts on plain

Cro]ar and on antibigtic agar. The number of

lonies on the antibiotic agar was expressed
as a percentage of the number of those on
the antrbrotrc free agar. The bacterial re-
sistance levels ren are, of necessity, ap-
proximate  as ner our conditions _the
rnrtral concentration of both CTC and OTC
decreased by about 50% after 24 hr at 25°C,
The Ini Jral amount. of antibjotic added was
adguste accordingly and th levels given
al averade values Over the 24 30 hr periog
of incubation. Bearing the above In "mind
the basic level of resistance, unless noted
otherwise, was to 15 /;g/ml of antibiotic,

The initial mrcroflora of untreated fillets
was found to Include between 0 and 10%
of bacterig that could tolerate varyrnrq
amounts of CTC. On stora?e this propo
tjon remaine rt)rr])roxrmate constant or
decreased. When the fillets wére treated with
CTC,. however, te prop ortron o resrstant
o%anrsms rncrease raprd X unti it reached

%, after 4 or 5 days. A similar increase

was observed when fillets were treated with
0 Table 1 shows a ty
the. agﬁearance of resrstant or%anrsms The
resistance Qf the population on the treated
fillets remained at the 100% level until the
fish spoiled, on the ninth day.

Table 1. Increase in organisms resistant to CTC
in fillets of sole at 5°C.

% oftotaltp I?ulatron resistant
to 1.5 jttg/nll CTC after

Treatment 0 days lday 3days 4 days
Dipped in 5% NaCl
in tap water 7.2 9.0 4.5

Dipped in 5% NaCl in
tap water 4- 5 fig
CTC/ml 72 210

*Spoiled.

75.7 100.0

stimated daily by

pical pattern_of
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Table 2. Development of cross-resistance to CTC
and OTC by bacteria on antibiotic-treated fillets
at 5°C.

dc of total organisms resistant after:

Treatment 2 days 6 days 7days  9days
Resistant to CTC
No antibiotic 2.0 0.93 a a
CTC 6.2 100 100 100
0TC 8.1 100 100 100
Resistant to OTC
No antibiotic 8.7 71 a 8
CTC 16.2 100 100 100
0TC 13.9 100 100 100

* Spoiled.

Cross resistance. Groups of fillets were
treated with OTC and CTC, and duplicate
counts were made on a?ar contarnrn% CTC
OTC, and no antibiotic. The exlo riment
summarized in Table 2 is typical of the
Serles. The results are expressed as a Rer
centa ge of the total PO ulation and Show
that though the ntage of resistant
hacteria in the unt eated oups remained
g roxrmateIP/ constant the pro ortion of
rstant cels In the treated %ougs rose
sha (?Z ere was Cross-resistance between
C: the bacteria which grew on
frIIets contarnrn? CTC also became fesistant
to OTC, and vice versa.

Levels of resistance of the CTC-tolerant
bacteria, [0 determine the levels of resis-
tance of the bacteria growrng on CTC-
trea ed fillets, two tg/pes fexgerrment \vere
carried out. ' In the first, two lots of fresh
fillets were used. One was treated with
C in the usual manner %5 pm for 5
mrng the other was left untreated. The lots
weré placed at 5°C and stored for 5 days,
Samples were taken at the grnnrng and
end of the storage period; platings™were

Table 3. Bacterial resistance to CTC in treated
and untreated fillets of sole at 5°C.a

% of total bacterralgopulation
resistant to Bg CTC perml:

Groupb 1 5 10 25 50
| 5.3 0.75 0.40 0.20 0.095
2 4.8 0.46 0.36 0.07 0.056
3 100 32.5 34.3 10.4 5.9

0Each figure represents the average from 6
experiments.

11, fresh, untreated; 2, untreated, stored 5 days
(spoiled) ; 3, treated with 5 wg/rnl CTC for 5 min
and stored 5 days (not spoiled).
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made on agar contcatntng vanofus concentra-
tions of CTC an C-free medium.
Table 3 gtves the averages of Six determina-
tions, . AS expected, fewer bacteria resisted
the higher than the Tower Tevels of CTC.
The proportion of resistant bacteria in un-
treated fillets did not |ncrease with sgtodaﬁ;

moreover, Some organisms that wer g
re3|stant 0 CIC ere present in popul

ttons that sugrnose ly had never been ex-
posed to the antibiotic.

In the second type of experiment, the
changes In_degree of resistanc dunng stor-
age were_followed in both treated and un-
treated fillets. The results &Table 4) are,
again, expressed as. the percentage of the
ttal _population resistant” to a iven level

of CTC. In the untreated fillefs the g
portton of resistant bacteria etther decreased
or remained aBprommateI y the same As
expected, the absence of antibioti Fs did not
appear fo favor the ?rowth 0 re3|stant
or anisms, In the trea ddroups the per-

tafge of bactena resistant to 1 and fo 5

C per ml rapidly reached 100, al-
oudh the latter group tended to Iad
roportion of hacteria resistan
to the other eveIs of anttbtottc showed no
d flnlt% trend through the period of stora e
The s artn difference between the gerce
aes of actena resistant t0_5
| C 15 noteworthy. ThIS to%et er
With the apparent link betiween resistafice to
1 and to 5 fig, can probably be attributed

RESISTANT BACTERIA ON ANTIBIOTIC-TREATED FISH

to the actual concentration of CTC at the
surface of the fillet, where most of the hac-
teria were found: alth ou% assa of whole
fillets treated with 5 showed a
concentratton of anttbto ic betvveen land 15
figlg, the acfual concentration att e surface
was _probably much closer to ta(t of the
dipping batl. It Is therefore likel that
there Was a selection for or antsms that
could tolerate up t(l) 5 fig of CTC, whereas
there. was no selective’ environment
organisms Possessmg higher resistance.
ffect of large numbers of resistant or-

?anlsms Could the build-up ofalarge resis-
ant populatign, throu%h noor _sanitation, re-
duce’ the effectivenes of CTC treatment
under gractt al condifions ? An experiment
was designed to simulate the worst possible
conditions in a commercial plant. heav
recontamination of fresh fillets W|th CTC-
resistant. hacteria over a long eno

Adl pn ng bath contﬁtntn% %of CTC
per ml She commercially re omme ded con-
centration) was grepared d resistance
was fested on agar containing 10 ppm of
antibigtic. The experimental Procedure Was
as follows: 2 lots of fresh fillets of sole were
| Red in a 5% NaCl solution, with and
without 10 ppm CTC and stored at 5°C.
The pro resiton of SPOI|ae was followed
organole ttca ly, bacte |oIo |caIIy bY total
aerohic Jdate countsg chemical
volatile educmg substances and tnmethyla
ming nitrogen) ~at daily Intervals. On “the

Table 4. Development at 5°C of CTC-resistant organisms in fillets of sole treated with 5%

NaCl in tap water with and without CTC.

Days Total % of total population resistant to Bg CTC perml:
stored population 1 5 10 25 50
Untreated fillets
0 12 X 105 5.0 2.0 01 01 01
1 1.3 X 105 2.3 2.2 0.13 0.7 0.7
2 8.1 x 1B 2.0 01 0.12 0.02 0.03
3 12 x 107 0.25 01 0.02 0.02 0.03
4 18 x 107 01 0.09 0.01 0.08 0.01
5 55 x 107 01 0.07 0.08 0.03 0.01
5-ju.g/mI-CTC-treated fillets
0 1X 10 9 3 2 1 1
4 1X 105 30 17 12 12 13
5 3.1 X 10B 80 45 21 9.4 7.1
6 2.6 x 10¢ 100 100 19 185 11.2
7 35 X 10° 100 100 17 23 6.7
9 2 X 10s 100 100 17 125 43
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day that each grou 30|Ied a last plate
count was made; and after 24 hr of incuba-
tion the whole growth was washed off and
resuspended in “sterile ph swloglcal saline,
The turbidity of the suspension was read
in a Weston colorimeter and an appropriate

amount was added to fresh dipping . baths
{0 |ve a fmal concentratlon of aEﬁro ||rgtat8f

x 106 cells tg)er ml.
f|IIets Was then subdivided for dipping In
one of the following solutions :

Group code Solution
C 5% NaCl in tap water
CTC C + 10 iig CTC/mlI
BS Sensitive bacteria in 5rF NacCl
solution
BS+CTC BS + 10 fig CTC/ml
BR Resistant bacteria in 5% NacCl
solution
BR+CTC BR + 10 fig CTC/ml
The six Parou Were then stored at 5°C.
Upon_ spoifage,” bacteria rom two of_th

e
moculated rou[o éBS and. BR + CTC)
were a a|n collected and relnoculated, N
shown i Fig. 1 Thus, a continuous ling of
relnoculatlon with resistant bacteria (BR +
TC) was maintained, Its, direct counter-
part “being ?rou BS  (reinoculation with
sensitive bacteria). All other groups served
as addltlonal controls, ~ Six " remoculation
C%/C es were carrjed out In this mapner. With
resistance feature as a marker, it was
shown that an exchan?e occurred whereby
about half of the fillet Iora was replaced b
bacteria from the dwep Table
snows the effect of these remoeu lations on
the preservation time of the fillets and on
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NON-TREATED
FILLETS

CTC-TREATED
FILLETS

[ Non-treated Treated Non-treated Treated CTC

[ Non-treated Treated Non-treated Treated CcTC
[ Non—trleated Treated Non-treated Treated CcTC
BS+CTC BR BR+]CTC

(continuous) (discontinuous) (continuous)

Fig. 1 Schematic representation of the reinocu-
lation of fillets of sole with CTC-sensitive (BS)
and CTC-resistant (BR) bacteria.

C: fillets dipped in 5% NaC!; no bac-
teria added

BS: serial inoculations of lots of fillets
with sensitive bacteria from previ-
ously spoiled batch

same as BS, but with CTC dip in
addition

CTC-treated fillets serially inocu-
lated with resistant bacteria from
previously spoiled CTC-treated fillets

BR: same as above, but with CTC dips
omitted

CTC-treated fillets used as controls;
no bacteria added

Groups BR + CTC and BS represent continuous
lines of serial inoculations with resistant and sensi-
tive bacteria (solid arrows). All other groups have
no continuity within each series (dotted arrows),
and serve as controls for the first two groups.

the effectivengss of CTC treatment. The
inoculation of sensitive bacteria onto _un-
treated fillets did not speed. up stIage

\S. g neither did the inoculation of
TC- re5|st nt bacterla BR vs. C). Within
the glvota BR+ TC garOéJ tere was

0 definite trend toward @ diminishing. ef-
fectlveness of CTC treatment from the f|rst

BS+CTC:

BR+CTC:

CTC:

Table 5. Effect of various treatments on the shelf-life of fillets of sole at 5°C (based on the
average of six experimental runs). On the days shown the material was organoleptically judged

to be spoiled.

Group code + treatment

C 5% NacCl dip
CTC 5% NaCl + 10 fig/ml CTC
BsS 5% Nacl+ BSc
BS + CTC 5% NaCl+ 10 fig/iml CTC + BS

BR 5%
BR+CTC 5%

NaCl + BRd

Nacl+ 10 figzmi cTC + BR

Av. days to reach :
VRS avalue of 15 TM Abvalue of 1.0

2.6 22
6.6 6.0
2.7 23
6.4 S9
29 21
42 33

*VRS, volatile reducing substances as microequivalents of reduction per 5 ml of press juice.
bTMA, trimethylamine as mg N per 100 ml of press juice.

cBS, bacteria sensitive to CTC.
dBR, bacteria resistant to CTC.



986

~ ®
o o
|

a

2

A

Log BACTERIAL NUMBERS

o
=)

1 | | | L I | | J
50 1 2 3 4 s s 7 B d
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Fig. 2. Patterns of bacterial growth on variously

treated fillets of sole. The values on the ordinate
represent the logs of bacterial numbers per ml of

press juice. The arrows indicate onset of definite
spoilage (VRS = 15 TAIN = 1.0).
Group Code Treatment
Cc 5 min in 5% NaCl
CTC 5 min in 5% NaCl + 10 ;tg/ml
CcTC
BS 5 min in 5% NaCl + CTC-sensi-
tive bacteria
BS+CTC 5minin5% NaCl+ 107g/mICTC
+ CTC-sensitive bacteria
BR 5 min in 5% NaCl + CTC-resis-
tant bacteria
BR+CTC 5 min in 5% NaCl + 10 jtrg/ml

CTC + CTC-resistant bacteria

to the Iast run., This group had an averaﬂe
storage life mrdwa etween those of t
groups.
g 2 shows the average bacterial orowth
CUIVes for the various oroups during the six
ryns. As |n rcated he arrows etrmes
of onset of spor age_for grou&s
BR were similar. GrouPs BR + CT o0k
an avera e of 24 hr_more to spoil, whereas
gr(oulpg C and BS+ CTC lasted con-
Ideraoly | onger

Table 6. Number of bacteria resistant to
of definite spoilage
press juice.

Group code + treatment
C :5% Nacl dip

CTC :5% NaCl+ 10 Mg/ml CTC
BS :5+ NaCl+ BS"

BS+ CTC :5A) NaCl+ 10 xglml CTC + BS
BR 5% naci+ BR"
BR + CTC ‘5% NaCl + 10 ~g/ml CTC + BR

"BS, bacteria sensitive to 10 ppm CTC.
hBR, bacteria resistant to 10 ppm CTC.

resistant bacteria ox antibiotic treated fish

Table 6 shows the proportion of resistant
bacteria in the various Proups at the time
of spoilage. Each valye Presents the aver-
age of six runs, Resistant bacteria %roup

g 8ersr ted throu%h the onset of |Iaﬁ

bout their original pro ortron In t
case of acterra newly ‘exposed to 10
per_ml, 1004 résistance was pot at:
tarned wrthrn the %rven period (about 6
This is in tontrast to the reqular
apﬁ)earance of a fully resistant pogulatron
of the antibiotic per ml were used
In Xrevrous experiments.

Ithot1rgch the bacterial populatron of the
BR + CTC fillets was qverw eImrneg re-
sistant to 10?%CTC ETabIe 6), this cancen-
tration of anfibioti still produced a signifi-
cant retar atron o sporae In this 9rouP
R, Table g Therefore, al-
{ ough the CTC resrstant bacteria can grow
and ‘multiply in the presence of the anti-
biotic, their metabolrc activities, as mea-
sured by spoilage production, apﬁear to he
depressed. * Similar observations' had Erevr
ously been made. Vaughn et al. (1957
noted that dlespite the predominance of a
strongly resistant_bacterial flora in poultry
ant usrn CTC the antibiotic treatment
till waso sm enefrt Tomiyama (1962
ound. that CTC resrs ant  bacteria
were mhrbrted 3/ g(ml of th eantrbrotrc
These observatr ns ae mterestrng especra y
since Jay et al. (195 )notedtattrsg
nomenon. could not be’ duplicated on co ked
meat. Ouy ex errmgntﬁl results confrrm
the_above findings and show that while up-
sanitary ~conditions, as expected, greatlv
reduce the effectiveness of antibiotic” treat-

CTC in various experimental groups at the onset
(VRS = 15, TAIN r= 1).

Results expressed as viable cells per ml of

Number of bacteria

Total Resistant res?stant
2.2 x 10« 33 x 10° 15
19X 107 72x 10* 38.0
3.8 X 10 7.6 X 10* 2.0
7.3 X 10*  30x 105 41.0
1.8 X 107 8.6 X 10¢ 48.0
11 x 107 11 x 07 100
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ment, there is still some benefit even under
the worst conditions.
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Bacterial Flora Associated with Rapid-Processed Ham

SUMMARY
Recent work at Oklahoma State University

has shown that ham can be satisfactorily pro-
cessed in less than 15 hr from time of slaugh-

ter by accelerated processing techniques. Since
these techniques by-pass the conventional 24-hr
chilling treatment, the number and types of
bacteria present are of concern.

A total of 40 (20 right and 20 left) hams
were alternately assigned to either rapid or
conventional processing methods following
separation from their respective sides. Total

bacterial counts were determined from repre-
sentative samples of both fresh and cured mus-

cle tissue aseptically removed from each ham at
specified sampling points. The selective effects
of processing temperature, pH,
ing techniques were evaluated in terms of

and process-

bacterial flora common to the rapid and con-

ventionally processed hams. Aerobic bacteria

and pH measurements were statistically ana-

lyzed.  Anaerobic, spore populations were
estimated by the most probable number method.

The low incidence of anaerobic spores quanti-

tated (4 of 38) limited the analysis of variance
to evaluating differences in the total bacterial
population. A comparison of the final mean
pH values indicates that rapid processing does
not appreciably affect the ultimate pH value.
Because of the curing ingredients, pH,
ing, cooking, and the rapidity of processing,

smok-

results indicated a major reduction in associ-

ative vegetative bacteria during the various
stages of processing.
ficant bacteriological problems in the “new”
concept on complete processing prior to initial
chilling.

INTRODUCTION

Results reveal no signi-

The wrdespread avarIabrIrty of refrigera-

tion for the merchandising “and domestic
handlrn of cure meat pro cts has effected
s|derable change |n ham  processin

con

% the evqutronary advancs made ?n
currn and greservatrve techniques, the
modern cured honeless, smoked, precooked
hams are enJoyrng wide acclam’ and acoep-
tance ¥ the” convenience-minded consumer.
In contrast with earlier methods, foday’s
commercrallg processed hams are sutpected
to 4 relativély light cure of short duration
Weiner et al. (1964) studred the effect on
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porcine muscle and fat characteristics when
%rocesse prior to completion of rigor mortis.
esearchers at Oklahoma (Henrickson et .
2 have showp that hams can be %atrs-

facto |I¥ processed in less than 15 hr from
time 0 slaughter by an accelerated, hot-
Brocessrng technique.” Since this technjoue
y-passes” the conventional 24-hr ~ chilling
treatment, several bacterrologrcal considera-
tions of the product becomé apparent.
primary concern are the pumber and type
of bacteria Rresent and the envrronmen aI
Influences innerent to rapid processing. T
quantrtatrve results and’ methodology of a
bacteriological evaluation of hot- roce?sed
and con entronaly cured, bon
cooked hams are reported. In ad ditior,
those factors believed to influence the relaive
loads and ultimate disposition of certajn hac-
teria in the final product are discussed.

METHODS

Twenty market-weight pigs were obtained from
the Experiment Station herds and slaughtered by
procedures established at the Oklahoma Station
Meat Science Laboratory. Following conventional
evisceration, the carcasses were split into right
and left halves. This operation facilitated the
paired-ham experimental design as each half was
alternately assigned to either hot or cold process-
ing methods. The cold processing method implies
a 24-hr initial chilling period at 1.7°C with the side
still intact and hanging from the rail. Hot process-
ing implies fabrication prior to initial chilling of
the hams. Hams assigned to the cold method were
designated as the control simulating conventional
handling. Cutting procedures followed those cur-
rently employed by the industry for physically
separating the hams from their respective treatment
sides (Fig. 1). All hams were stitch-pumped with
a 60° salinometer brine composed of: salt, sucrose,
dextrose, nitrate, nitrite, erythorbate, bicarbonate,
and polyphosphates. The corresponding brine con-
centration was 15.8% NaCl. Required amounts of
brine were prepared fresh daily from the above
commercially available curing ingredients with cold
tap water in a manner consistent with approved
industry standards and with current meat inspection
regulations of the USDA. Spot analyses of the
brine revealed less than 10 organisms/g. After the
hams were skinned and the outside fat removed,
they were weighed, sampled, muscle pH deter-
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CONVENTIONAL
SLAUGHTERING
OPERATION

HOT SIDE COLD SIDE

CONVENTIONAL
CHILLING

<30 Min. ~—— -
{Uncured Somple)<-+

——=--25 Hr
<IHr. HAMS SEPARATED

PUMPING, DEFATTING,
[ Hr. | BONING 8 INSERTING
INTO CASING

({ Smokehouse )
10 Hr. SMOKING & COOKING

{Cooting Chamber }

<2 Hr. CHILLING & TEMPERING

(Cured-Cooked Somple )!-~
FINAL PRODUCT

a Time sequence equal beyond this paint

b For bacteriological onalym

Fig. 1. Product flow diagram.

mined and by means of a percentage scale injected
to 110% of green weight. They were immediately
boned, defatted, stuffed into fibrous casings and
placed into individual ham molds and placed in
the smokehouse. After a one hour initial drying
period, smoking was commenced and continued
for eight hours at 55°C. The smoke was generated
from hardwood sawdust that had been dampened
prior to smoldering. After smoking, the hams
were cooked in-place to an internal temperature of
60°C for a 2-hr period. The smoked and fully
cooked hams were removed from the smokehouse
and rapidly cooled. The air movement in the cool-
ing chamber was turbulent and was determined by
Smith .o a1 (1965), in concurrent heat transfer
studies of the hot-processing concept, to have an
effective approach velocity of 1200 fpm. Tempera-
tures were obtained by means of thermocouple
probes that indicated the temperature at the center
and at % and 1 inch from the center of the hams.
The temperature of the cooling chamber air was
varied from —23 to —62°C. A 10-point potenti-
ometer was utilized to record the changing internal
temperature of each ham. Cooling time was ad-
justed so that when the internal temperature
reached 10°C, the hams were removed from the
cooling chamber to a chill storage compartment
maintained at 1.7°C. W hen the hams had adjusted
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to an average internal temperature of 7°C, the
cured-cooked samples were aseptically removed.
Residual moisture of the adjacent tissue was deter-
mined (AOAC, 1960), and the means and standard
deviations calculated. Means and standard devia-
tions of pH measurements which were taken im-
mediately after each sampling were also calcu-
lated.

All bacteriological samples were aseptically with-
drawn by a mechanical boring device powered by
a portable ys.vp electric drill which was operated
at reduced speed. Each stainless steel bore was
physically cleaned with detergent and sterilized.

Bacteriological samples of the deep muscle tissue
were removed from the hams immediately after
separation and from the final product (Fig. 1).
Prior to coring a sample, the exposed muscle tissue
was heat-seared at the sampling locations (illus-
trated in Fig. 2) with an electric searing iron. A
pH determination was made immediately following
each sampling by placing a standardized (pH 7.0)
probe electrode from a Beckman meter, model 72,
into the deep muscle tissue. Fresh, uncured sam-
ples were given priority for immediate bacterio-
logical analysis on days on which cured-cooked
samples were taken. The samples were placed
under immediate refrigeration (15°C) until all
fresh (uncured) samples had heen prepared for
bacteriological plating. The average elapsed time
for uncured samples from searing until all aerobic

Hock End

Tibia
Fibula

Patella
Location

a. Uncured Ham

( Medial View)

Sample

Butt Location-y, Hock

b. Cured-Cooked Ham (Horizontal View)
Fig. 2. Diagram showing sampling locations.
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platings were completed was approximately 30 min.
All uncured samples were cored with the posterior
portion of the shank (hock) pointing away from
the sampler and with exposed pubic bone oriented
in full view. From the mid-point of the exposed
pubic bone (diagram 2a, point », the edge of an
18-inch rule was aligned in such a manner to form
a straight-line distance (D) to a mid-point (point
B) on the hock. One-third the distance from point
+ to point s (D'/3) became the common vertical
coring location for all uncured samples. Coring at
this location allowed the bore to be inserted to the
desired depth without difficulty. Al cured-cooked
samples were cored horizontal to the flat face at
the midpoint of the longest side of the boneless ham
(Fig. 2,b). Each core was aseptically removed
from the stainless steel boring device by plunging
the core into a sterile screw-top glass jar.

Ham tissue homogenates were prepared by plac-
ing an 11-g (inner) portion of the cored sample
into a sterile glass W aring blender jar containing
99 ml of phosphate-buffered saline diluent (Sulz-
bacher, 1953; Lewis and Angelotti, 1964)1 All
samples were blended for 2, min at the low’
speed setting (approx. 12,000 rpm) on a standard
laboratory model, two-speed W aring blender. Prior
to pipetting the required sample aliquots for plat-
ings, each dilution blank containing the homogenate
with glass beads (6) was shaken vigorously for
2 min.

Each sample was analyzed for total aerobic
bacteria by standard quadruplicate platings at dilu-
tions of 1(F2 to 10-4 using Bacto tryptone glucose
beef extract agar (TGEA). Coliform bacteria
(esenericnia and aerovacier Species) were plated
with Bacto violet red bile agar (VRBA) at dilu-
tions of 101 to 10 and incubated at 37°C for 24 hr.

Anaerobic bacteria were quantitated using the
most-probable-number (M PN) technique as out-
lined by Cochran (1950) for estimating total bac-
terial densities. The procedures generally followed
those employed by Steinkraus and Ayres (1964)
with the exception of choice of media and dilution
ratios. Enumeration of the clostridia and heat
resistant facultative anaerobes was based upon
survival of a pasteurization treatment given the
remaining portion of each homogenized sample
from w'hich total aerobe and coliform counts had
been plated. A pasteurization treatment, as recom-
mended by Greenberg (1965), of 60°C for 55 min
was utilized for both the fresh and cured sample
portions. After pasteurization, M PN tubes con-
taining Bacto fluid thioglycollate medium modified
with a sulfide detecting agent (0.02% ferrous am-
monium sulfate) were seeded in 5-tube replicates
using dilutions corresponding to volumes of 10, 1.0,
and 0.1 ml of the original 1:10 meat-saline homoge-
nate. All tubed media were steamed for 15 min

BACTERIAL FLORA ASSOCIATED WITH RAPID-PROCESSED HAM

and rapidly cooled prior to seeding in order to
expel residual oxygen. The tubes were incubated
5 days at 37°C. All tubes showing visual indication
of growth w'ere subcultured for the qualitative
phase of the survey. Only those tubes showing
a black precipitate (FeS) and producing a putre-
factive odor w'ere recorded. The combination of
positive tubes W'as ascertained for each sample,
and the most probable number of anaerobic spores
estimated by referring to M PN tables from Am.
Public Health Assoc. (1960). In addition to the
M PN counts, duplicate pour plates w'ere made with
Bacto-SPS (sulfite-polymixin-sulfadiazine) agar as
an additional check for
The procedure was reported by Angelotti ¢
(1962). Anaerobiosis for the Bacto-SPS plates
w'as obtained using an anaerobic incubator under
an atmosphere of 90% nitrogen and 10% carbon
dioxide. An oxidation-reduction indicator agar was
utilized to assure anaerobiosis throughout the cul-
turing period. All anaerobic plates were checked
after 24 hr of incubation at 37°C. Negative plates
w'ere reincubated for 24 hr prior to their disposal.

Total counts were made on TGEA, VRBA, and
SPSA plates without regard to the statistical limi-
tation commonly imposed by standard plate counts.
Analysis of variance was used to evaluate differ-
ences in means between treatments.

Clostridium perfringens

RESULTS AND DISCUSSION

Data presented are based on 19 pairs of hams
of a total of 20 pairs processed. Since one pair
had extremely high counts probably attributable
to a bacteremia, counts obtained from these hams
were removed from the statistical analyses. Total
aerobic counts are presented in Table 1. Survey
data in Table 2 show that there were no hot-
processed cured ham samples exceeding 300 colo-
nies per plate, whereas 2 control hams yielded
samples with high counts (1,350 and 1,650 bac-
teria per g) in the ready-to-eat tissue. Categori-
cally, 68% (13) of the hot-processed hams gave
samples in which either no colonies or insignificant
low' numbers appeared (0 to 9 per plate). In the
conventionally processed hams only 53% (10) of
the samples were in this category. It is interesting
to note that otherw'ise the hot and conventionally
processed hams gave essentially the same data at
the mesophilic range. Incubation of TGEA plates
at psychrophilic temperatures yielded erratic low
counts in all but 2 samples, one of which resulted
in less than one psychrophile per gram of tissue.
The other sample showed an unusually high initial
load which w'as too numerous to count (TNTC)
in the uncured samples from the same hot and
conventional treatment pair. Analysis of variance
for the two treatments with 19 pairs of hams is
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Table 1, Total aerobic bacterial colonies and AOV summary.

C . / . Uncured
oonies/gram
i o0
_ df
Animal 18
Treatment 3
Hot vs. cold (i)
Uncured vs. cured-
cooked cu
Interaction cu
Error 5
Total h

Bl<at8g on TGEA and incubated at 37°C.

shown in Table 1 The summary of variance indi-
cates significant ﬂP<.05) processing reduction in
total aerobic_counts by uncured versus. cured-cooked
treatment.. Thus, treatment hams mhected with
curlng brine, smoked, cooked, and then rapidly
cooled had fewer aerobic bacteria per ?ram of
ready-to-eat tissue than. the conventionally proc-
essed hams due to significantly greater réduction
of bacteria du_rlngi the Various s_ta?es of processing.
S|?n|f|cant animal source of variaflon indicates that
not all tissue responded in the same manner to the
two treatments. This would be reasonable since the
experimental hams, while obtained from animals
of uniform breeding, feeding and weight range
were slaughtered over a four-week schedule. Al
animals were exsanguinated in the same abattoir
by the same equipment and personnel, but responded
individually at death to various, stresses as well as
to uncontrollable, fluctuations in temperature and
humidity. The h|?h standard deviations (Table 1)
forldthe comparative flora (uncured hot-uncured
co

te_na%_load of individual fresh hams as well as the
differing growth environments common to the two
processing treatments. Also apparent are the enu-

are attributed to variation in the initial bac-

Sample treatment

Hot Cold
Cured Uricured Cured
bl Wi B
$S MS F ratio
3,335,467.03 185,303.72 2.03"
503,154.2
54,222,371 54,222,371 <l
420,032.89 420,032.89 4.60"
28849.00 28,899.00 <l
4,926,974.24 91,240.26
8,765,595.53

meration problems inherent when sampling low
bacterial populations. . _

A comparison of final mean pH and residual
moisture Values (Table 3) indicates that the ulti-
mate pH was not affected by the hot processing
treatment. The initial pH “values were under-
standably different due to time-temperature effects
on anaerobic muscle gl¥col sis in the two freat-
ments._ In pilot studies of hot processing techmt%ues,
unpublished. data (Henrickson et al., “1965) from
20" pork sides we|gh|_n? approximately 34 Kg
each showed that the internal temperatre of the
whole hams ranged from 39 to 43°C (30 min
post-slau?hter) without conventional chilling. The
Internal temperature of hams undergomc[} conven-
tional processing ranged from 7 to 9°C at the time
of physical separation from the side. Since treat-
ment ~ hams oIIowm(t; the hot processing flow
(Fig. 1) were separated and injected within 1 hr
of slaté?hter, muscle temperafure and mean FH
6.4610.24)  were_relatively high. Consequently
the ‘greater’ reduction i bacterial flora associated
withthe hot treatment could be partially explained
in terms of g_reater_avanablllty of nitrols acid and
other curing”ingredients due t more uniform per-

Table 2. Colony incidence of aerobic bacteria in hot- and cold-processed hams.

Types of ham

Colonies/sample Uncured
Greater than 300 Q) @
Greater than 10 1

<301% ;

<
Undetected 0
Total 19

Hot Cold
Cured Uncured Cured
0 (6) ‘5
6 8 7
9 5 7
4 3
19 19 19

*One paired set of hams removed from survey.
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Table 3 Residual moisture and pH determinations.”

Sample treatment

Hot Cold
. Uncured  Cured Uncured  Cured
Moisture % 65.75 66.49
Std. dev. 301 31
%H 646 583 50 534
td. dev. 024 017 016 02

Sample size, N = 19,

tissue (Mullins, et af., 1958; Shank ct al, 1962). In
addition, the initiation of processm? (lethal factors)
relative to its effect on_the normal logarithmic, de-
velopment of bacteria is agparently more critical.
According fo Partmann (1963), the breakdown of
adenosingtriphosphate (ATP) “and its resynthesis
by the glycalytic cycle will normally take place in
the muscle tissue until the depletion of the g c_ogen
reserve or a pH value of 54 is reached. “Briskey
ct al. (1962) showed that at increased temﬁeratures
(43°, compared to 37°) both the onset phase and
total time for completion of rigor were markedly
reduced. In addition, the early work of Callow
(1947) relative to the effects “of increased lactic
acid concentrations on_ porcine tissue microstructure
may also have bacteriological 5|%_n|f|cance. Shank
ct al. (1962) demonstrated the antibacterial charac-
teristics of nitrous acid on hoth ve?etanve bacterial
cells and spores. The significant Treatment effects
on bacteria_shown in Table 1 for cured versus
uncured indicated that the combined factors associ-
ated with hot processing (i.e., pre_—rl_?or injection,
higher muscle temperature, and raﬁldl y of process-
ing) were effective in redu_cm?,t e bacterial load
of 'the final product. No significant differences in
the percent residual moisture’ were found (Table 3).
Quantitation of coliform bacteria_in, both treat-
ments revealed an extremely low incidence. Un-
cured samples from hot processed hams had an
average of 4.4 confirmed coliforms per gram of the
original sample. However, the presence of these
aerobic and facultative anaerobic bacilli in uncured
(fresh) hot processed hams compared with the
conventionally processed controls IS reasonable
since they had longer exposure to elevated tempera-
tures and muscle FH had not reached an inhibitory
value when sampled. This level was subsequently
reduced to less than one coliform per gram Ly
processing methods and thus no particular signifi-
cance Is attached to this group of bacteria.
_Clostridia were isolated” from the tissue of four
different ham samg)les of the total of 38 surveyed
%4 of 38, or 10.5@%. Quantitations Perta_mm% to
the low incidence of anaerohic sporeforming bac
teria_detected in_the two treatments agreed with
the findings of Steinkraus and Ayres ?1964) and

meation of the curing ingredients in the fresh ihot)

BACTERIAL FLORA ASSOCIATED WITH RAPID-PROCESSED HAM

Hall and Angelotti (1965?]. The _comparative
anaerobic sgore counts are shown in Table 4. All
anaerobic SPS plates were nepatwe for Clos-
tridium perfrmqens in both treafments : however,
since four samples did yield ?_osmve MPN counts,
a general level of contamination by anaerohic or-
anisms of less than 10 per Pram IS indicated.
urke ct al. (1950), Strong et al. (1963), and Hall
and An?elom (1965) have stated that” frequently
the level of contamination by anaerobic spores is
too low to be detected by means other than'enrich-
ment. The presence of ‘Clostridium spores in low
numbers in" the cured-cooked tissue when the
were not detected in the same. fresh (uncuredY
tissue is_consistent with the view Eresented b
Frank (1963) for sporeforming bacilli. Frank (196?5
pointed out’ that in addition to the destructive
effects normally associated with thermal process-
ing, heat above the growth range of some spore-
b_eanng_bacnh can stimulate or “activate” germina-
tion. Since the normal exponential development of
ve%etatlve cells would be exposed to the additive
lethal effects of pH, curing ingredients, smoking,
and cooking in the hot treatment, it appears that
this treatment would be equally effective in re-
ducing in-processing contamination. The low num-
bers of Clostridium spores in the cured-cooked
samples probably represent those spores that did
not germinate during processing (Riemann, 1963).

Preliminary findings with respect to terminal
cooling and tempering _(F(|jg. 1), indicate that of the
two temperatures utllized to reduce the internal
heat (68°C) as raﬁldl as possible to the conven-
tional storage or holding temperature (4°C), the
—62°C was most efficient with regard to time
(L9 hr, compared to 36 hr). No apparent quanti-
tative bactériologie advantage was revealed at the
two tem[)erature ranges studied. However, the em-
ployment of the shorter time -would appear more
desirable from the standpoint of precluding poten-
tial food poisoning and/or spoilage problems. " Also,
the shorter time would facilitate the production
line flow currently being employed in other modern
food processing operations.

Tabl?. 4. Incidence

8f clostridia in rapid- and
conventionally processed ham.

MPN series Tabular
Type 01001 value® obes/g
Uncured (hot) 100 2 <j
Uncured (cold) 100 2 <|
Cured (hot) 200 3.5 4
Cured (cold) 100 <1
“Adapted from Am. Pubi. Health Assoc. (1960).
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CONCLUSIONS

The bacterial populations studjed in the
two freatments involving 38 boneless, cured
and full cooked hams revealed ng significant
bacterio ogtca problems in the “new” con-
cept of eliminating the initial chill treatment,
A"comparison of the final mean oH values
and residual moisture |nd|cates hat rao
processing does not agpreu ¥ affect he
ultimate pH of the product. Both fresh and
cooked tissues were sampled.on a total count
basis In the survey. The incidence of aerohic
bacteria In rapid- Rrocessed ham is compar-
able to that In the conventional groce sed
Product However rgreater reductions in
otal bacterial numbes were obtained with
rapiq processing technigues.  From a_bac-
terial stand oint, the combined effects of pH
cunng mcltredtents smoking, . cooking, and
the T 8Id|¥ { handing faclitate e EXpo-
fure somattve bacteria to maximum
ethal factors, thus effecting a greater reduc-
tion in the bacterial Toad of the"fina product.
The public health aspects. as well” as the
economic advantages of rapid processing are
self-gvident.
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Composition of Raw and Roasted Lamb and Mutton

SUMMARY

Sixty cuts each of raw and roasted rib-loin
and of raw and roasted leg of lamb and mutton,
obtained from 118 carcasses, were separated
into their physical components Proximate
composition was determined on the resulting
separable lean, separable fat, and drippings.
Correlation coefficients between weight of cut
and each physical and proximate component
were determined, and the effects of weight of
cut and of roastrng on the partitioning of
nutrients among the separated portions were
examined.

With increasing weight of cut, percentage
of separable fat and of drippings increased,

Physical

and percentage of separable lean and of evapo-

ration loss decreased. For rib-loins, as weight
of cut increased, the proportion of hone and
waste, and thepercenta%esof moisture, protein,
and ash in all separa ortions decreased

hut the percentage of lipids increased. Rela-
tions were similar in leg cuts, except that per-

centage of bone and waste, percentage of
protein in raw or roasted separable lean, and
moisture content of drippings did not change
significantly.
Separable lean,
about 90% of the
entire cut, hut on

raw or roasted, contained
Frotein and moisture of the
y about a quarter of the
total lipids. Uean from raw cuts contained
about 90% of the ash of the total cut, but
lean from cooked cuts contained only about
two-thirds of the ash of the entire cut. As

weight of cut increased, the amounts of proxi-

mate components in the lean decreased in
proportion to those amounts in the total cut.

INTRODUCTION
avail-

Lamb is a muscle meat 9\enera my
able to consumers, yet nutritive composition
data for this meat are very sparse. In partrc-
ular, separate composition data on the lean
anét ‘fat portions of famb cuts are needed In
order to evaluate more accuratel Iy the po-
tential confributions of this important meat
to the nutrient intake of the consumer. Such
data have been obtarned for raw and cooked
SToeo er et al, 1955) and for a few
cooke cuts of beef, pork,” lamb, and veal,
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and Proximate Composition

purchased as carcasses on the wholesale

market and cut and trimmeg in the laborator

accordin to common retal Practrce Lever-
in

ton and EXIS rg Info matron
on nutnent content of the p ncrg kinds
of meat, iIncluding heen sum

marized for raw carcasses and raw or cooked
separable portions or retail cuts of different
grades (Watt and Merill, 1

Data on the rProxrmate c%mgosrtron of
|amb carcasses ana cuts nave been reported
8 parts of studies aimed at finding a portron
of the carcass which could be “considered
regresentatlve of %he whole, or a carcass
measurement which could” predict composi-
tion with reasonable accurag J(Barton and
Krrton 1958a Hankins 194 ordan et al.
Kirton et al. 1967: Kirton and Ba-
ton 1962 Shorlang e“l 1947). Composi-
tion values_for cooked [amb have also been
reported Barton and Kirton, 1 958b Lever-
ton and 1958 - Schuck et al.. 1963
lyengar et aI 1965). “Kirton and Barton
(1962) regorted that _carcass weight of
Wether lambs was significantly relatedto the
chemical composition of lamb carcasses, and
that protein and water were more Righ
correlated wr‘h carcass weight than was' fat.
However, little mformatron I available con-
cernrn[g gossr g re atronshrgs between
welght of cut and its ph (ysrca rproxrmate
com osition  (Hammon Neither
have ang a é)recrable lafa been (eported In
which compasition was etermme for com-
parable raw and cooked meat from paired

cuts from the same anrma This paper re-
orfs, data on |ca a (F f xrmate com-
osition of rawa cooked lam an mutton

uts (heremafter referred to as lamb), as
fecte g/ werglt of cut the measure
usual ¥orUSd he consumer I selectin

meat ﬁurchase and b oven -roasting.
com amo noaper reports data on amino
acld et al, 1966). In addrtron

palatabr |ty evaluations and seIected valit
measures ‘on other cuts from these animals
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have been published (Batcher et al., 1962),

A preliminary report of part of the findings

included in these papers was made by Weir

/&1962? 10 the National Wool Growers
ssocfation.

EXPERIMENTAL

Description of carcasses and cuts. . For this
research, 118 lamb carcases were obtained from
three sources—54 from the Agricultural Research
Center flock at Beltsville, Maryland; 16 from the
Mississippi Agnrlcultural Experiment Station flock:
and 48 from the wholesale markets of New York
and Chicago. The Beltsville animals were from
a long-term experiment of crossbreeding, of Hamp-
shire,” Shropshire, Southdown, and Merino breeds.
Half of the animals from Mississippi were Missis-
sippi-bred Dorsets and the remaining eight animals
were crossbreeds from Western_ range” ewes and
mutton-type rams. Age of the animals at slaughter
ranged from 3 to 80 months. Of the 98 carcasses
R/ll\_/en maturity ratings, 9 (2 Beltsville and 7

Ississippl) viere classified yearling, and the re-
mainder, Including all market carcasSes, were rated
lamb.  The remamm? 20 Beltsville animals not
rated for maturity Tell into the followmg age
groups: 6-8 months, 4 animals; 11-14 months, 8
animals; 19-20 months, 4 animals: and 80 months,
4 animals. Animals were divided nearly evenly
between ewes and wethers. The dressed Carcasses
weighed 22.5-84.5 Ib and varied widely in visible
fatness. Carcasses were chilled and cut at Belts-
ville by procedures typical of the wholesale market,
rather”than anatomical dissections made from the
carcass.  Further detail on carcasses from the
Beltsville and market animals has been reported
previously ‘Batgher ct al, 1962).

Selected or_lnten5|\_/e_stud¥ rom _each carcass
were the rib-loin, consisting of_the loin plus the 10
adjommg ribs, and the leg. These cuts compose
about 45# of the carcass we|?ht_ (USDA, 19%7),
are considered fairly representative of the edible
POHIOH of the carcaSs, and afforded sufficient ma-
erial for the many determinations scheduled, A
total -of 240 cuts, "half raw and half cooked by
roasting, were analyzed. _

Paired cuts of legs or rib-loins were available
for half the carcassés and could be used to study
changes and retentions In_nutrient composition re-
sulting from roasting, For the other carcasses,
cuts Were available “from either the left or the
ng_ht side, but not hoth. Cuts from these carcasses
which were not_analyzed for nutrient content were
used in palatability and quality evaluations (Bat-
cher ct ah, 1962). _ _

Preparation and physical separation of cuts.
Each cut was weighed, ‘packed in a plastic freezer
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bag, overwrapped in freezer paper after evacuation
of air from the bag, and stored at —40°C until time
of separation. Median time of freezer storage was
4 days.. Cuts to be segarated raw were_thawed in
the refrigerator (38-40°F) for apJJroxmater 24
hr. Cuts’to be cooked were thawe )
perature for 6-8 hr, then placed in the refrigerator
overnight. Cuts were unwrapped at the end. of the
thawing period. Thaw juices were negligible in
nearly all cases, and weré disregarded. _

Thawed cuts were placed fat Side up_on stainless-
steel racks in welﬁhed aluminum roastmzq5 pans and
roasted in housefold-type ovens at 3%°F. The
meat_was cooked to_an internal temperature of
180°F (well done). The hot cooked roasts were
covered with plastic film to minimize, moisture loss
cooled, and refrigerated overnight prior to physical
separation. _

All cuts, raw and cooked, were weighed and
physically ‘separated while cold into lean; fat, and
waste including bone. Stainless-steel and enamel
equipment was used in making the_separation, to
minimize mineral contamination. Each_ separable
portion was weighed, and percentage yields were
calculated.

Raw lean or fat was ground to pass through a
Blate having openings of 3/16 inch, and then
lended in an electric blender to the consistency
of a fine slurry. Cooked lean, which was drier than
raw lean, was ?round three times before blending,
Separable fat of cooked cuts was soft, and needed
no preliminary grinding before blenqu. Sub-
samples of lean or fat were wrapped in dluminum
foil or plastic film and stored in sealed cans at
—40°C until analyzed. o

Drippings were transferred (1ua_nt|tat|vely t0
WeI(I]hed £nameled cans, using hot ion-exchange-
treated distilled water to aid in the transfer. The
sealed cans were stored at —10°C until analyzed.
Cooking pans were weighed. before and after quan-
titative ‘transfer of the drippings, and the difference
in weight was recorded as drlﬁpln s weight, Evap-
oration loss was defined as_the difference hetween
weight of cut before roasting and weight of the
cold” cooked cut plus. drippings. . .

Proximate composition. Proximate comﬁosmon
of s%arable lean was determined by methods of
the. AOAC &1_960), modified as previgusly de-
scribed (Hopkins “ct al, 1961). 'Briefly, "these
methods were as follows: moisture by vacuum oven
at 50°C; lipids T(ethe_r extract) by overnight Soxh-
let extraction of residues from the moisture deter-
mination, using petroleum ether as solvent; total
nitrogen by micro-kjeldahl; and ash bg heat|’r\1/? to
constant weight in a muffle furnace at 600°C, Mois
ture In separable fat was determined by drying in a
torced-air oven at %°C for 5 hr.. Weighe sa_mﬁles
of fat for nitrogen determinations Were tightly

at room tem-
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wrapped in ciﬁarette paper and defatted by W&Shiﬂ%
with~ 3:1 ethanol-ether before digestion.  Tes

checks revealed no measurable loss of nitrogen
resulting from the wash. Otherwise, analytical
procedures were the same as for separable Iéan.
The complete dnppmgs sample_from each roast
was dried to cons ant_weuiht. This weight was
subtracted from the ongma weight of drippings,
before addition of transfer water_and the differ-
ence was recorded as moisture. The entire dried
residue was extracted in a large Soxhlet apparatus
with petroleum ether. Total nitrogen and ash were
determined on the dry fat-free reSidues.
Calculations .and ‘analysis of data. NltrOFe_n
data were multiplied by the factor 6.25 to obfain
protein values. Much of the nitrogen in the drip-
pings of these lamb cuts is undoubtedly present as
nonprotein mtr_ogen althou?h yrotein-related, as
has been established for beef (Ginger ct at, 1954;
Grinclley and Mojonnier, 1904). Therefore, values
reported here for protein in the drippings . should
be considered a convenient way of expréssing the
data rather than a close estiméte of actual protein
content. The composition of whole cuts was cal-
culated from analytical data on the composition
and weights of separated portions. Simple correla-
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tion coefficients were calculated relating weight of
cut to each proximate component of the lean, fat,
and drippings, and of the whole cuts.

RESULTS AND DISCUSSION

_Physical composition. Correlation coeffi-

cients between Welﬁht of untrinnned, cut and
Percenta%e of each separable portion and,
or rqasted cuts, of drlgplngs and of evapora-
tion loss show that, as the weight of cut in-
creased, the percentage of separable fat also
mcreséfed, ang the Rercenta e, of_sePara,bIe
lean decreased (Table 1). With

inc easmg
wel(rlht of cut, (s e per_%enta e of hone an
waste decreased In rio-lomm cuts, raw or

roasted, but did not change significantly in
Ieg cuts. In nearly all inStancés, of cofirse,
actual weights of separable. lean and of bone
and waste” were greater in heavy than In
Ilght-we|1ght cuts, "However, the increase in
Weight of separable fat was so much greater
than that of lean or bone as to make the
change for the latter portions aggear nega-
tive “or unchanged when expressed as a

Tal{Ie L tPh sicat; comPosition 81‘ raw. anq roasted lamb cuts: relation of weight of cut to
percentage’ of separadle portions and cooking' 1osses.
Cutand separable Weci8¥§ of Sp%prétllrgrtl)lef
.. portion (®) (%) s
Rib-loins
aw 5% 901
Separable lean 40t 74 -0.79**
Separable fat 288+ 132 0.78**
Bone and waste 53t 63 0.65%*
Roasted 1962 +706
Separable lean 46t 71 0.84**
Separable fat 277+ 115 Q.77%*
Bone and waste 260t 56 0.47**
Drippings 2542" 949 68+ 41 0.79**
Evaporation 2542 949 150t 30 0.64**
Legs
aw 225 1654
Separable lean 638+ 41 -0.55**
Separable fat 128+ 60 0.50%*
Bone and waste 216+ 36 -0.19
Roasted 1782 +450
Separable lean 623: 29 -0.35**
Separable fat 116+ 43 0.32%
Bone and waste 1786d: 453 50: 36 -0.01
Drippings 2584- + 676 88+ 29 0.67+
Evaporation 2584 676 219+ 28 -0.98**

élgfﬁglgﬁg){?ta?dﬁﬁeﬁy@ “9.*” rfeosrpggtnclléﬁl significant at P - 0.05, and 0.0L
IVa '

Coe
(il Q basecdJ ortf grgu[gastmg
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oercenta e of the cut werght These increases

Propo tion of fat were more Pronounced
in the rib- Iorn cutshthan in the leg cuts aé
Indicated |9 er mean values an
correlatron coeffrcren for rib-loin separable
fat (Table 1).

For roasted cuts, percenta%e of drrgrprng
increased and percentae evaporaion
losses decreased as cut weight mcreased The
correlation coefficient between weight of cut
and percenta e evaporatron loss was nearly
er fect ( leg cuts. Evaporation
osses are usuaI consr ered 10 be de endent
on cooking time, w Ich rn turn oart%
pends on werght of cut It the cut 1S eing
cooked to a efinite internal temperature or
degree of doneness. The average cookrn&r
tinie for the IR% roasts was 19 mrn ? 3?
min per ean evaporation loss or %
roasts which a an averaoe werg
2584 g before cooking, was 56 1.9%
Rib-lomn roasts aIthough on the average
weighin nearZ the sarhe as Ieg roasts be-
fore"cooking, had a_greater surface area than
did the Ieg cuts, They avera e on
min to ook, or. 23.8 mif per |b ora
tion losses, which avera%ed 5 or
\lrvere {:onsrderably smaller than losses for
eq cuts

Proximate composition. As weight of
untrimmed cut increased, the ercenta?es of
molsture, protein, and ahde reased or aII
separable portions and the whole cuts, and
the gercen a0e of lipids mcreased Table 2
These  relationships were signit rc nt n
cases for rib-loin ‘cuts, and rn all but three
mstances for Ieg cuts, Only for protein in
the se (arable [éan of raw.“and cooked Ieg
cuts and moisture in drippings from cooke
le cut)s were no srﬁnrfrcat relationships
found between nutrieft content and wel t
of cut. These findings are similar to findings Ig
of Clarke and McMeekan (1 ( 9529) on caloric
content and percentage of gro& In In Iamb

carcasses an cuts S re ted to werr%;
within a, uart rade, and also to findi
of Barnicoat at

Shorland 21952
content of carcasses and of dissected muscles
as related to maturity of the animal.

Partitioning of nutrients among Sepa-

rated portions. The content, in g, of each
proximate component in each separable por-

MARSH, AND HAGAN 997

tion was calculated and expressed as a ﬁer-
centage of the total component in the whole
cut, These percentages were then correlated
with the we|%ht of cut. Mean values ang
correlation cogfficients are given in Table 3
These data show that senarable lean, raw
or, roasted contained about 90% of the pro-
tern an moisture contents of the entire cut
but on Q’ about a quarter of the total lipid
contents. ~ Separable lean from raw cuts
contained abqut 90% of the ash of the total
cut, but lean from cooked cuts contained only
éelhl?r% tcvluto -thirds of the ash content of the

For raw cuts, the proportion of the totaI
nutrient that was found in the segfara le a(t
Increaseq wrth Increasing werght cut, an
conversel tat In the seg ab e ean -
creased. This finding was expected, because
the_percentage of se arable fat ncreased wyth
weight of ct. The only instance In which
this"relationship was no sranfrcant for raw
cuts was for Irét?rds In leg cuts, Roasted cuts
were partitioned among drippings as well as
lean and fat, For thes cuts the roportron
of nutrient found in the lean decreased srg
nificantly as cut weight increased, except f r
protein “and ash of" roasted leg cuts.
separable fat and dngrorn s, of Toasted cuts
In most rnstances ch |n cut weight re-
sylted In significant increases In proportion
of total nutrient found In one portion but not
In the other. The correIatron coeffrcrent for
the affected partion was nearly equal tq that
for the seoarable lean, although opRosrte In
sign. Parttronrn?o protein and as among
the separable portions of cooked Ie? cuts di
not change significantly as cut weight
Increased.

For both rib-lgin and legs, 3L of the 60
raw cuts were paired with roasted cuts from
the same carcasses, making It possible to
examine the effects of cookirig. Mean values
for the partrtronrn% of nutrients for these
garred cuts were S0 close to the means for

0 cuts given in Table 3 as to make it un-
necessary to report the data separately. The
most striking change wrth roasting was the
chan?e in partitioning of ash. The Proportron
of tofal cut ash that was found in the cooked
lean decreased markedly_ for both rib-loin
and leg cuts. The proportion of ash found in
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the drrpprngs of either rib-lgins or Ie?s could
Ire full Ty actounted for by the Ioss from the
[ean. eFro ortion of fotal cut lipids found
In separable fat also showed a marked de-
crease with roastrng and there was some
Indication that lipjdS may have melted from
the sgparable fat into the lean as well as to
urrnﬁ; roastrn% However,
trca ta for this nutrre t were vayi-
e as In |catedb standar devratrons for
|ds in segarahe at and mgs rgTabIe
Theretore, Turther mvestr tion on more
?arre cuts would be needed fo validate this
ast finding.
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Composition of Raw and Roasted Lamb and Mutton

SUMMARY

Microbiolo%ical assay values are reported for
content of 18 amino acids in separable lean
of raw and roasted rib-loin and leg cuts of
lamb and mutton. These values agreed well
with values obtained in other laboratories. The
amino acid content of lamb protein tended to
be constant and was not affected by cut or bg
roastintg. Retentions of amino acids in lam
lean after roasting were essentially complete.

INTRODUCTION

| amb and mutton (hereinafter referred to
as Iambg, among the agor red meats n the
American diet, are valuable sources of hoth
essential and nonessential  amino  acids,
While considerable data have been reported
on the essential amino acid content of lamb
muscle, fewer have been reported on the
nonessential. Furthermore, a search of the
[iterature revealed no instance In which as
many as 18 amino acids were determined on
the Same cut, nor any instance of a stugy qn
the retention of as many as 18 amino acids in
paired cuts. .

This study reports. microbiological assay
data on 18 amino acids in lean meat from
raw and roasted rib-loin and leg cuts of lamb.
The data comprised one Part of the results
of a mang-face ed stud%/, other parts of which
eirge%)rep rted elsewhere (Murphy et al,

EXPERIMENTAL METHODS

_ Details of selection of lamb carcasses, oven-roast-
ing, sample preparation and storage, and_proximate
composition analyses have heen Erewously le-
scribed (Murphy et al, 1966). For the work
reported here, 32 cuts were selected from 16 car-
casses from the previously described Beltsville
group of animals. At time of slau?hter the animals
were 6-8, 11-14, or 80 months old. Cold carcass
weTl%hts ranged from 25 to 845 [h.

e 32 cuts analyzed included 8 each of raw
and roasted legs and of raw and roasted rib-loins.
Raw rib-loin Cuts ranged in weight from 1119 to
4385 g, cooked rib-loins_from 1125 to 2855 g, raw
leg cuts from 1734 to 3791 g, and cooked leg cuts
from 1017 to 2812 g. Paired cuts of legs or rib-

*Deceased.

II. Amino Acids

loins were available from half of the carcasses and
were used o calculate the amino acid retentions in
the roasted lean. Separable lean from all 32 cuts
was analyzed for confent of arginine, histidine,
isoleucine; leucine, lysine, methionine, phenylala-
nine, threoning, Exptophan, and valine. Lean “from
16 of these cuts—4 each of raw and cooked rib-loin,
and raw and cooked leg—was analyzed for content
of alanine, aspartic aCid, cysting, glutamic acid,
glycine, proling, serine, and tyrosine.

Samples of homogenlzed_ ground seBarabIe_ lean
were stored in sealed containers at —40°C prior. 0
hydrolysis. For determination of most of the amino
acids, Samples of lean containing. 16-25. mg of nitro-
gen were ‘hydrolyzed by reﬂuxmg with35-40 ml
0f 20% hydrochloric acid for 18-24 hr. After hy-
drolysis, excess hydrochloric acid was removéd
from each hydrolysate by evaporation, foIIowmg
which the hydrolysate wa$ adjusted to pH 40 an
filtered thrquqh sintered glass (PKrex M). The
humin precipitate was washed with water” of pH
40 (Horn et al, 1953; 1955), and the combined
filtrate and washings were adjusted to pH 6.8, then
diluted to 1 L. Samples inténded for cystine and
tyrosine determinations were treated as outlined
above after hydrolysis by refluxing with 20% hy-
drochlgric_acid for only 2 hr. "For tryptophan
determinations, samples “containin _a?proxmately
32'mg of nitrogen were hydrolyzed in flat-bottomed
alkali-resistant” glass flasks with 12-ml portions
of 5N sodium_hydroxide by autoclaving for 5 hr
at 15 psi (250°F). Before alkali was added to a
sample, the sample was_completely wetted with
15 "mf of 95% ethanol. The hydrolysate was then
adjusted to pH 68 and dilutéd to” volume. All
hydrolysates ‘were stored under toluene at room
t3emperkature until used for assay, usually within

weeks.
_Microbiological assays for arginine, cystine, his-
tiding, isoleuCine, leucine, lysing, methidning, phe-
nylalanine, threonine, and ‘valine were made by
published procedures (Horn et al., 1950: Horn
and Blum 1956?], as was that for alanine (Warren
et al., 1963). The remaining amino acids, aspartic
acid, glutamic acid, glycing, proline, tryptophan,
tyrosine, and sering, were determined by unpub-
lished procedures of M. J. Horn, H. W. Warren,
and A E. Blum.

‘With certain modifications the same basal me-
dium was used in all of the assaYs SHorn et al.
1950). Arginine was increased to 416 mg, and
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c&s)tme to 600 mg, but methionine was decreased to
1 m? per L. of basal medium. In addition, for
the defermination of phen¥lalan|ne the amount of
tyrosing was tripled; and Tor the determination of
tryptophan the ‘amounts of tyrosine and phenﬁl-
alanine were tripled. In the assay for cystine the
amino acids of the basal medium were’ replaced
by an acid hydrolysate of “decystinized” casein
stpplemented with angln_lne and tryptoPhan (Horn
and Blum, 1956), Pyridoxine was the form of
vitamin Bo used ‘in thie basal media of all assays
exc_eﬂt those for threonine, valing, and arginine, 'in
which pyridoxanrine, was used.

The ‘dssay test microorganisms were: Leuconos-
toc mescnteroides. ATCC', 8042 for aspartic acid,
cystine, glycine, histidine, isoleucine, leucing, lysine
methioning,_phenylalanine, proline, tﬁygtophan and
tyrosine; Strept_ococcus fagcalis ATCC 9790 for
arginine, threoning, and valine; Leuconostoc citro-
vorum ATCC 8081 for alanine and serine; and
!a_caigtobacnlus plantarum ATCC 8014 for glutamic

DL-tryptophan_was used for the preparation of
standard curves in the tryptophan assay. In all of
the other assays the appropriate L-isomers were
used, Precautions, were taken to ensure the high
quality and purity of amino acids used for
standards.

RESULTS AND DISCUSSION
Table 1 presents means and standard de-

COMPOSITION OF LAMB AND MUTTON—II

viations for the amino acid content of lamb
separable lean, expressed as mg of amino
acld per g of nitrogen; Table 2 presents the
same datd calculated to g per 100 g separable
lean. Examination of “the values for any
amino acid In Table 1_comparing rib-loin
with leg cuts or raw with roasted” cuts, re-
veals such agreement of values,as to indjcate
that the amino acid composition of lamb
muscle protein was essentially constant.
Data reported here were compared with
corresponding  literature values calculated to
the same basis. Our rib-loin values were
compared with literature Vﬁlues for cuts
variously labeled chop, rib chop, loin chop,
loin, and sirloin, and our Iegi valugs were
com‘oared with literature values for cuts
labeled leg and shank (Alexander c: al,
1953 ; Beath ct al., 1943 ; Greene and Black,
1944: Greenhut ct al., 1947, 1948: Kuiken
ct ., 1947; Lyman et al.,_ 1946, 1947; Ly-
man and Kuiken, 1949; Schweigert et al,
1945, 1949, 1951; Slrng et al, 1950; VIio-
lante et al,, 1952). The ranges of most of
the values here regorte_ eitfier overlap the
ranges, of the corre nﬁ)on Ing literature values
or ditfer from them by I€ss than 100. A
few differences as high“as 13% were found,

Tabic 1 Amino acid content of separable lean of lamb expressed as mg per g of N.

Rib-loin Leg
Amino acid Raw Cooked Raw Cooked
Essential amino acids a

Arginine 4L + 18 43+ 17 406+ 15 409 + 13
Histidine 198+ 9 180+ 8 189+ 8 180+ 7
Isoleucine 329+ 18 I+ U 9+ 11 9+ U
Leucine 498 + 22 54+ 20 494+ 19 50+ 21
Lysing 583+ 33 580+ 39 578+ 17 584+ 28

ethionine. mnt 12 166+ 8 17+ 7 12+ 7
Phenylalanine 58+ 13 205t 15 25t 9 262+ 13
Thrednine 85+ 13 294+ 8§ 283+ 13 2+ 9
TrY_ptophan ht 4 3% 3 4 15 3+ 5
Valine 33t 8 3B+ 10 320+ 16 3B+ 5

Nonessential amino acids ®

Alanine 4H+ B M3+ B 432+ 3 434+ 47
Aspartic acid 591t 16 65t 17 604+ 32 620+ 25
CYstme_ _ 13+ 3 Hht 6 13+ 3 Mt 2
Glutamic acid 100+ b 1000+ 2 1001 + 18 1019+ 33
Glycine 29+ 15 Nt 0 284+ 18 N+
Proline 29+ 16 288. 8 294 . 23 8.5
Sering 21 1 0+ 17 20t 5 . 13
Tyrosine A0t 17 234t 14 212 + 12 238. 17
aMEEh nd stancard deviation of § eplicates
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0fTabIe 2. Ami 0 acid co

to separaple lean
mo expresse 8 per g o‘t seBargg,e lean.

Amino acid Rib-loin Leg
. (and nitrogen) Raw Cooked Raw Cooked
Nitrogen 307 416 3% 44
Essential amino acids
Arginine 2 12 12 18
Histidine 060 07 062 080
Isoleucine 00 134 14 148
Leucine 1583 210 161 22
Lysine 179 245 18 259
ethionine 053 069 05 076
Phenylalanine 079 110 083 116
Threonine 087 12 092 13
Tryptophan 023 03 04 03
Valine 12 139 14 14
Nitrogen 35 424 3B 458
Nonessential amino acids
Alanine 37 188 14 19
Aspartic acid 189 265 200 28/
ystrne 03 02 04 035
Glutamic acid 321 424 333 467
Glycine 094 1% 0% 147
Proline 094 12 08 129
Sering 087 128 092 13
Tyrosine 066 099 0711 109

as well as one oi 22%, In gener |, the aming
acid values obtained in tnis stuay agree well
with those reported by other [ahorafories.
Valyes were calculated for the percentages

of amino acids retarned in roasted lamb” of
amounts original %present in the correspond-
|n raw cuts fro the opposite sides of the

%anrma Th ese vaIues were calculated
on the hasis of the amrno acid content
tofal weig tof se arable lean of each
adjustrng or d erences in raw weight be
tween the pfnred cuts. . These data show that
the essential amino acids were retained after
cookrng to the extent of 90-104%, and the
nonessential_amino acids to the extent of

21%, The retention percentages as a
whole Indicate that the 18 amino acids tested
in lamb lean are retained virtually in their
entirety after roasting. Other [gboratories
have reported (Greennut et a1, 1947, 1048;
?8%“ rt et al, 1945, 1949 Sjmy et al,
amrno acids in famb ﬁan from 8
104%, and have concluded that the cookrnd
of lamb results i practically no loss o
amino acids.

etention percentages for the essentral
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Organoleptic Evaluation of Three Phenols Present in Wood Smoke

SUMMARY

Guaiacol, 4-methyl guaiacol, and 2,6-di-
methoxyphenol, components of wood smoke
condensates, were evaluated organoleptically.
Mean panel thresholds of the taste and odor
in water and the odor in mineral oil were
determined for each compound. The majority
of the panel characterized the compounds as
being smoky in odor and taste, although phe-
nolic characteristics were also present. The
relative effectiveness of each compound in the
over-all flavor picture was shown by the ratio

(concentration in smoke/threshold concentra-

tion). Guaiacol had the largest index, whereas
2,6-dimethoxyphenol, which was present in
smoke condensate in greatest concentration,
had a considerably lower value. Mixing the
three compounds in the approximate concen-
trations found in the smoke condensate did not
give the desirable characteristic aroma. Trace
components must also be considered for their
effect in the over-all flavor pattern.

INTRODUCTION

Food flavors are complex hlends of the
taste and aroma of the chemical constituents
of the products. Modern methods, of instru-
mental ‘analysis have made it possible to sep-
arate and identify many flavor components.

Although the concentrations of these com-
ponents' may be getermined, with a few ex-
ceptions thiese have not been correlated
with, the effect of the compounds on the

sensing apparatus of observer The rela-
trvee ectrveness of a com po in the over-
all flavor Profrle IS strongly Influenced

rts Irmrts of sensory detection. Burr (1964
%este that the concentratron of a (0
nt In the heagspace over a food product
drvrded b% Its oIfa tory threshold, will pro
vide an index of the Probable contribution
of @ compound to fotal flavor. Thus, many
trace €Q Ponents that seem unrm ortant on
a quantitative basis may be ki e%/ VOr notes,
be ause of their stron odoran qualrtres
Meat products exposed to wood smoke

acquire. a characteristic aroma which is of
econgmic rmportance The desirable organ-

oleptic qualities are considered to be “due

to the Phenolrc comﬁonents in the smoke.
The faste and odor t resholds of a phenolic
ractron chemically trapped from smoke have
heen etermrned Hlgner et al, 19622l These
values, however, expressed the total effect
of all the components, identity ang concen-
tration unknown |n the fractron Since there
are. many peno Ic comPouns in wood
smoke, therr relative rmlo tance In.the over-
all flavor will be gover ed by their concen-
tration |n the smoke, the concentratron re-
quired for detectjon, and their possible In-
teraction, with other” compounds.” Thus, the
information  needed on the role of the
phenolic co onents rn smoke aroma re-

quires anal earng with  individual
penols Th henols of & smoke condensate
Wwere recently separated in our laboratory,
and many were ‘identified (Fiddler et i
1966). Three ghenols—guaracol 4-methyl
uaiacol,. and 2,6-imethox phenol—were
resent in Iargest concentration, accordrng

0 peak areas n the chromatog rams Thes
co pouns a een rg orte rPrevrous
as products of the dry distillation of woo
Goos, 1952). Guara ol has been used as
the type or class compound for the basic
“bur L aroma In several odor classifications
iCroc er and Flenderson, 1927: Schitz,
1964), and 4-methyl I%;uaracol IS known_as
“crecsol” a comP nent of wood tar. The
Present rnvestrgat on was undertaken fo de
ermine the threshold concentrations of these
compounds and to evaluate their contribution
to the smoky flavor of meat products.

EXPERIMENTAL

Materials, The test compounds
methyl quaiacol, and  2,6-dimethoxyphenol—were
obtained “from commercial sources.” Paraffin ol
NF., from Fisher Scientific Company was used in
experiments requrrrnﬁ mineral oil. Deionized water
was prepared Initially by passing distilled water
through Barnstead Universal Resin.  Complaints
of off-flavors, however, led to further passage of
the water throu?h a charcoal filter. Al glassware
was washed first with acetone (this step was neces-
sary for removal of the mineral oil but was also

uaiacol, 4-
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included for agueous solutions), and then with hot
Alconox solution. The glassware was rinsed well
with clear, .hot water, and finally with deignized
water. Distilled water was not used, because it was
found to leave an odorous residue in the flasks,
The glassware was inverted between rows _of
wooden rods and allowed to drain dry. Suspending
the ?Iassware on the usual draining racks, inverting
on fowels, and several other méthods of drying
were tried and discarded because residual odors
were noted. All glassware was checked by smell-
|n%before use, and odorous pieces discarded. |

a5 chromato raPhlc studies were made with a
Pevkin-Elmer Dual Flame lonization Chromato-
graph, model 800, using a single 6-ft X %-inch-OD
column packed with™ 15% " Carbowax 20M on
60-80-mesh Gas Chrom P._ The temperature was
programmed from 70 to 170° at 5°/min. Carrier
gas was helium, flowing at 80 ml/min. Injector
and detector temperatures were respectively 210
and 200°. Peak areas were determined with a
planimeter. _

. Test panel. The panel consisted of 27 profes-
sional members of the staff;_ag‘)rommately 2
members of the panel were available for each test
period. Several of the panel had had previous
experience with test-panel studies.

est procedure. Samples of the substance to_be
tested were, freshly weighed each day of testing
and immediately diluted”with deionized water or
mineral oil. Concentrations for testing were ob-
tained by further dilution in glass-stoppeéred hottles.
One-hundred-ml. quantities “of aqueous solutions
and 50 ml of mineral oil solutions were distributed
into 250-nil (Tglass-st_oppered Erlenmeyer  flasks.
Several sets of solutions were prepared, each set
containing a known water or mineral oil reference
blank, a Coded hidden blank, and four or five coded
concentration levels of the test substance. The solu-
tions were allowed to equilibrate at room tempera-
ture for 2 hr before use.

Tests were carried out in the afternoon of the
same day each week, and each panelist reported
at approximately the same time of day for the
tests. “For odor”tests, panelists were requested to
select coded flasks randomly, swirl the contents
well, sniff the headspace vapor, and record the
absence or presence of odor as compared with the
reference blank. With aqueous solutions, the panel-
ist then tasted the solution and indicated the ab-
sence_ or presence of oral stimulus, Retesting was
permitted, and no time limit was imposed. Regin-
and charcoal-treated water was used for rinsing,
and salt-free crackers were available for use be-
tween samples to remove after-taste, if necessary.

Calculations.  The data were decoded and
arranged in order of increasing concentration with
appropriate Indication of absénce or presence of

ODOR AND TASTE OF WOOD-SMOKE PHENOLS

stimulus. If a taste or odor was indicated in the
hidden blank by a panelist, all_ of his results were
eliminated from the computations, of that series.
Although each determination required a separate,
unrelated decision, it was felt that the panelist
should be able to identify the hidden blank cor-

rectly.

Tﬁ/resholds of individual panelists for the test
substances were, determined as the lowest concen-
tration of solution at which taste or aroma was
detected. Occasionally a skip occurred, with the
panelist recording absence. of a stimulus at a con-
centration_higher than his previous positive re-
sponse.  Threshold concentration was then taken
as the next-highest concentration above which two
?r_ ngjore consecutive positive responses were ob-
ained.

Mean threshold concentrations for the panel
were determined by plotting the percent of panel-
Ists having thresholds at each concentration level
vs. the concentrations of the test solutions and
locating the concentration at the 50% response.

Five or six series of analyses were made of each
test substance in water or in oil. The first two or
three series were considered to be training analy-
ses, to allow panelists to become familiar with the
odor and taste of the substances and to determine
proper range of concentrations. Tramln% id oc-
cur, as shown by the decrease In threshold concen-
trations reporte b()! the pangl. The values of the
[ast three series of determinations, made at constant
concentration levels, were used for computation of
results. All tests were run at room temperatures
(251 1°C).

RESULTS AND DISCUSSION

Table 1 shows the mean threshold  con-
centrations of UaI%COL 4-methyl quaiacol,
and 2,6-dimetho 3/53 enol for taste ana odor
In aqueous solution and odor In mineral oll.
The " lowest concentration of material in
Sadjzelous solution_detectable by smeIth Wwas

021 me 1.7 x 10+/w) “guaiacol.” Ap-
proxlmaelal times as_mych 4-methyl
9ua|a_col 09

6-dimethox ﬁgnrg ' alng590 tmesv?lgrglur%h
uired for d%P ' o

e Jor ltactlor} tt)ﬁ/ 50% 0 thelptanel.
aste thresholds of the aqueous sqlutions
haé the same refatlonshl t&/vard gach other
that was observed for odor thresholds—e.g.,
the threshold for 26-d|methox¥ghenol_ Was
approximately 100 times that for quaiacol.

owev%r, sefnse of taste aﬁpears 0 De more
acute than sense of smell” for these com-
pounds, and taste threshold. values were
somewhat lower. Although stimulation was
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PI o 1 Mean
phenol” I Waterand” minera

~ Phenol Taste
Guaiacol 0.013 rZ)m
(1 X 10-/M)
4-Methyl guaiacol 0.065 ppm
@7 x 1071M)
2,6-Dimethoxyphenol 165
w (1 X IBPE M)

% of the reported a loss of taste

ﬁglred orally in these experiments, about
when they rr?ched their noses closed durrng

sampl d hus, the results reported as tast
aroé) ar 1o be attrrbutable to strmulatron of
vapor

thro : 61Ctthoery haarean yangassagteer 8r nares.
I X r

The Igwer thrgsho d concentPatrons observed
on oral testing may be due to an increase of
the vapor pressure of the test substances
when raised to body temperature. The num-
ber of molecules required to evoke a resoonse
should be furnished by a less concentrated
solution at body temger ture_(38°C) than
at room temperature (25°C). Increased
sensitivity of resgonse to stimulys at hrgher
tlndg%atures has been reported bv Baker

Since meat roducts contain fat, the effect
ofrnteractron % moke components with thrs
P ase must also be consrde ed In the overal
lavor prcture Meat fats do not lend them-
selves ‘as diluents for substances tested In
threshold determinations. Ve?etable fats
such as peanut and so bean oif have char-
acterrstr(f odors that Could interfere with
lavor etermrnaérons Mineral oil was se-
lected as a bland vehicle for the test com-
Bt F e
drfferentP ?rom they fat of meats, With Its
content_of saturated and uns%turate fatt
acrds Tﬂese mlay unaergo tc etrp]noa reafy
jons with smoke components that modi
threshold values. Meanpodor thresholds for
the test substances in_mineral ol are shown
In the | st co umn of TabIe 1 Thresholds f

araco and 4-meth aracol were on

an 45 times as Kr% In mrn ral oil as
In aqueous solution. “The threshod concen-
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Gthrelsnhold &oncentrations of quaiacol, 4-methyl guaiacol, and 2,6-dimethoxy-

Mean threshold concentration

In water o Iér %rrl
(190%1%) X Hh)
(6.5'X fd?rrvr) (2.9 X Figr M)
(1.21'§<5 i M) (2 °'x3“1tt”‘w

tratron of 2.6-dimethox WyPhenoI however,
Was less rn oil than In
Alth ou% manY foods contain fat and
ar]]ueou as?s little work has been dope on
the effect of these conditions on flavor.
Skramlik (1926) found that taste intensit
Was greater In aquequs medwm because of

e 5 s
?S hat(r)c a?dJ h des decreased in water with

rncr asin carn ength to C2 (Lea and
o ag 1958R whrI% thresholds .t oil were
not affected. thirough the 12 compounds.
There was little difference in threshold con-
centrations with r?araffrn or. peanut qil as
solvents. The Par ition coefficient of flavor
oom onents between ol and water may he
P rtant In etermrnrno tlavor thresh |dis,
Patton (1964) found Yhat thresholds of
fatty acids decreased with Increasing chain
length in water, and increased in_oil. Volatili-
zation of stim dqus IS essentral for olfactory
Perceptron ana bonding to solvent molecules
ends to reduce volatilization. Thus, the num-
ber of molecules of a compound In'the heag-
space may be greater over a solution In
which 1t 71s less” soluble than. over one rn
whrch it is mor? soluble. Guaiacol and
rmethomaheno which drffer In stru? %re
one toxy group, are slightly solu
In_water to the”same extent approximately
1.7 d 00 ml at 16° (‘A j However,
the Yaste and odor thresholds of 26-
drmethoxthenoI were about 90 times as
%reat It 15 suggested that the volatility of
6drmethoxxp enoI IS reduced Fs a result
of mnteraction of the additional methoxy
groug with the rt)olar solvent. In the nonpolar
Il solvent the threshold for 2,6-dimetfoxy-
phenol was of the same order of magnitude
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as those for %uaracol and 4-methyl guaiacol.
These latter ompounds aﬁgear fo e some-
what more soluble in oil than in water, and,
as a result, the concentration required for
detection Increased.

Threshold concentration is the level at
whrch the presence of a stimulus can be
detected. The nature of the stimulus in the
Present work, however, could not be identi-
red at the threshold  level. At somewhat
higher concentrations it became passible fo
characterize the test substance. Initially, the
anelists, Wﬁre asked 0 describe the” com-
ounds_ in their own terms. A dictionary of
approximately ten most commonl used” ad-
rctrves Was comgre pane rsts Were
equired to select the mot appropriate
term(s) from this list. The resy ts of the
characterrzatrons are shown rn Table 2. The
terms smo%/ phenolic” were used
most commonl but severaI additional ad-
ectrves of similar nature were grouped with
hese—e. ag “Wwoodsy acon” were
counted ds smokr( whrIe ‘medicinal” and
“creosote” were listed as “phenolic.”
thoug approximately 33% of the panelrsts
described the aqueols solutions as havrnﬁ
a}ghenolrc taste and aroma, the mﬁjorr%

compounds were smoky oky

odor was most noticeable for 26 drmethoxy
phenol, but quaiacol had a more smoky taste.
A number of panelists detected a sweet note
in the odor and a bi ctter note In the taste of
the three compounds. Characterization of
the test compounds was affected by concen
‘ratron Many panelists res ondeg (er nt-

0 high concentratrons an t ee( r
Iower ones out @ more detailed stuay of the
variations was not mad.

The test substances in these ex errments
wer% commercial compop]ns used without
further purification. It has heen reported,

ODOR AND TASTE OF WOOD-SMOKE PHENOLS

however, that impurities may influence the
response to a compound (Kendall and Neil-
son, % adétgnr el al, 1963). The
three enol st ras were shown Y 0as
c romatograp E/ to contain only traces™ of
unidentifighle Contaminants, Trran le tests
were used to determine whether thiere was

any  difference befween commercial and
purified materials in odor and taste. The
phenols were passed through the gas chro-
matograph and sufficient” pure Mmaterial
was_ Collected to prepare ar1ueous solutions
containing the mean threshold concentration
of each compound. The panel received two
test sets for each compound : Set 1 contajned
two_ flasks of commercial and one flask of
urified preparatron Set 2 consisted of

0 flasks of purified and a flask of com-
mercial solutions. The panelists were re-
quested to select the odd flask In each set

r both odor and taste. There was no
srgnrfrcant difference between responses to
the commercial and purified preparatjons
of any oftetree tetcompouns Thus,
trace "quantities of Impuritie not ap-
wr t0, have affecte the overall flavor
alues of test phenols,

AIthouHh the effect of an compound in
the overall flavor of a compléx mixture ma
depend on a number of chemical and physical
parameters an Important consrderatron rs
hat the conc ntratron be preat Tenouor
be detected. The concentrations of the three
test compounds were rnvestrgated in a re
resentative % oke condensaté prepared (ﬁ
fractronated yoaschromato%raphw (Fid er

Ne ratlo of aeaso the
peaks r e trfred as methy guaracol
uaiacol _and 2,6-dimethoxyphendl  was

3:46. The relationship of” peak area to
concentration was determined with a stan-
dard solution of guaiacol. By calculation,

drmefhbl y%her(r:oq C\tnererrte gtion of the taste and odor of guaiacol, 4-methyl guaiacol, and 2,6-

Odor
Phenolic

% responsea
Taste

~ Compound Smoky Sweet Smoky  Phenolic ~ Bitter
Guaiacol 535 315 52 58.7 35 95
4-Methyl guaiacol 518 3.5 138 432 3.3 260
2,6-Dimethoxyphenol 715 315 46.5 3.0 170

onelcThraerarc? ?rstrsce Sfonrwt)he odor or tas

. \ 2
add, up to mor eot‘%”prtéh)o/t because some judges indicated more than
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Table 3. Calculation of flavor index for guaiacol, 4-methyl guaiacol, and 2,6-dimethoxyphenol.

Flavor indexa
Cone. in In water In oil
Compound smoke condensate Taste Odor Odor
4-Methyl guaiacol 3X10 6400 4600 1000
Guaiacol 9 X 106M 90000 58800 18000
2,6-Dimethoxyphenol 14X 10 1400 1200 7000

“Cone, in smoke condensate
Mean threshold cone.

the concentratron of guara ol in the smoke
condensate was foun
Assuming that the res onse of the fI me
lonization detector was the same for all t ree
comgounds the concentrations 4metg
quaiacol, guaiacol, and 2,6-dimethoxypnenol
in the_smoke condensate were respectrviﬂy
3x 10-3M, 9 X 10-3
A flavor Index was obtarned from the ratio
of smoke condensate concentration to mean
thresho rd concentratron Table 3). The
most effective compound was guaracol, In
both water and oil.” The odor value for 4-
methyl guaracol Was somewhat greater than
that “for 2,6-dimeth oxm) enol” In water,
Whereas the atter was more efectrve n an
oll base. An rndex val ue of this yge IS
more meaningful than the concentration of
gcoEr;npronent In a flavor blend, as suggested
U
yThe flame-ionization das chromato%raph
%extremel sen?rtrve It has been shown
that the noSe will often detect odors af lower
concentrations than the instrument (Weur-
man, 1963)..

The sensitivity of the nose was %reater
than the response of the gas chromat %ra
to the odor of the three Smoke compo ents

9ueous solutjons were Prepare at odor

shoI levels. of the three comrr)]ounds
uantrtres were Injected Into the

as c roma g At maximum  sensitiv-
fty of the detéctor-recorder combination, no
response was observed. To determne the
Iowest concentration that could be detected
the ‘Instrument, severI levels of pure
araco were rnecte an the areas of the
eas trmrne calculation ri Was
stabl rshe that a mr rmum detec able_re-
sponse would be obtained from 18 X 10'10
oles of ?uaracol The 10 1L of threshoid
concentration guaiacol solution (1.7 X 177

MI) contained 17 X 10~2 moles, or 100-
fold, Ie?s material tha1 that re\durred for
minima resoonse eadspace vapor over
the threshod squtron had been Used, .In
closer anal o%/ to th fe odor- nose reIatronshrﬁ
the concent tron of guaacol would be co
siderably less than “1CH2 moles. %These
computdtions are limited to the conditions
set forth _for the gas chromatographic
analysis, The flame fonizatjon getector Is
responsive to the number of carbon_atoms
present In the sample, so a detectable re-
sponse could he reached by using a large
enough sample),

Al ouHh quaiacol, 4methgl quaiacol, and
SR e 5 B T

Ify nols, have

threshold Tevels indicating thaP hey are In-
volved n the total flavor, and have odors
described as smokg mixing the three in the
proportions  foun rn sfoke condensate
yielded a solution only srght ey reminiscen
of smoke condensate valuate tota
smoke aroma properly it may be necessary
t aﬁply the procedure described herein t0
all the “‘components in smoke.
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A Classification of Objective Methods
for Measuring Texture and Consistency of Foods

SUMMARY

The numerous methods for objectively mea-
surin? the textural properties of foods are
classitied on the basis of the variable or vari-
ables that are the basis of measurement. Physi-
cal methods of measurement are classified
under the headings force-measuring, distance-
measuring, time-measuring, energy-measuring,
ratio-measuring, multiple-measuring, and mul-
tiple-variable instruments. There are also some
chemical methods for measuring texture objec-
tively. Methods that do not fit into anY of the
above categories make a special, miscellaneous
group. Examples are given of the kinds of
instruments found in each category.

One of the important quality factors of
foods is their texture or mouthfeel. The
property of texture has been the subject of
considerable research over the years, and a
substantial part of this effort Has consisted
of a search for gbjective methods for mea-
surrng texture. A great number of obge five
methods for meastring texture have Deen
developed, and these measure many different
Propertres of foods. With this multiplica-
lon of methods for measuring texture it
becomes desirable to classify them to achieve
a degree of order

Scott BIarr (1958) classified objective
methods of texture measurement un er the
headings: fundamental, em rrrca an |m|ta
flve, Accordrn? to Szczesniak Si 63), W
drscusse Scott' Blair’s cIasfrfrc tion § stem
at enP the fundamenta tests méasure
sroger les  such elastrc modulus and
IS osrtrt]/ the emprrrca tests measure (Pr
ertre that are usual 3/ Inoory defineq bUt
which have been show ractical ex-
perrence tQ be related to txtural quality;
and the Imitative tests measyre  various
Propertres under conditions similar to those
0 which the food |? su?f gte? In practice,

Matz. (1962) cassre oods into the
categories: liquids,  gels, fibrous foods, ag-
?I erates of turg ceIIs nctuous oo,
rjable structures, glassy foods, agglomerates
of gas-filled vesictes, and combmations of

the above. He described mstruments that
are usﬁd t? measure textural %ua Ity of foods
In each of these categories. Amerine et al.
ik
ifi r ups—a) liquj
fruits ang Ve eta%tjesgc pmeatg % 3
other foods—and" described mstruments that
are used on each group A ‘weakness |n
this kind of classification is that man
struments are used on more than one of
these %rouso foods.
According to Steve gt95n2 measure-
ments may be classif |e inal (num-
berrn% thrngs)D ordinal (cIassrfyrntq in order
of greatnesS but with no certainty of uni-
formity In the scale), interval (classifyin
accor nr% f0 greatness on a known unifor
scale that has an arbitrary zero), and ratio
(classifyingaccording 9 greatness on a
known “uniform scale w Jh a true_ zero).
Scott Blair ﬂl%OP has discussed Stevent’
cIassrfrcatron n refation to measurement of
textural progertres of foods.
Drake (1 6{2 developed a cIassrfrcatron
fstem based on the eometrgo the rheo-
ical apparatus. This clasSification con-
tarns the following headings, and" subhead-
Ings : rectilinear — motion tparallel
drver?ent %onvergéent 2 chrcula mottron
rotafion, torsion): 3) .axjally symmetric
otion un?rmrte Imited) y4)y defmed
other mations gbendrn transversa
unitefrned motions mechanrca1 treatment
uscular treatment?] Each sub ea In
Drake’s classification is sub?rvr ed furth
on the basrs of the éreometrsy ? the ap aratus
e L o f cls éca“‘”‘ T
r ibed In thi r
aserf Pon the varjable (‘or v rrgbles§ that
nstr ute. the. basis of the measurement.
The cassrfraatron %/stem in Tabe 115 based
on t IS_fundamental principle as far as pos-
This. system stresses the nature ‘and
drmensronal nrts of the property erng
measure and sbtherefore a natural an
logical means of brin H]or er to the great
number of diverse methods used for” the
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Tfalble 2. Dimensional analysis of the G.F. texture
profile.

Dimensions of

Mechanical Measyred measured

parameter variable variable
Hardness force mir2
Brittleness ratio dimensionless
Chewiness distance 1
Gumminess work ImP r2
Viscosity a force ml f2
Cohesiveness work mP t
Elasticity force ml f2
Adhesiveness flow Pri

(fluids only)

aV|s%05| IS Heﬂuentl me:ésured ?v lume flow
geru Inge and the me ?ure vapa%e ﬁs §men-
10ns n‘i e property of viscosity nas the dimen-
sions M~Lr
obgectlve measurement of food texture. The
most _commonlyl encountered variables are
listed in T_alile This ljst 1s not exhaustive,
It 1S possible to use other combinations of
force, " distance, and time as the measured

variable. o L

The, word obﬁectlve 15 stressed n- this
C|aS?(IfIC%tI0n. The consjderable amount . of
work that has been done on subjective
measurement of food texture belongs’in the
fiela of sensory evaluation and Is not con-
sidered here. ‘A limited number of instru-
ments are cited in eaf categorP/ In.orqer
to Illustrate the principle of thé classification
s¥stem with concrete examples. . The Ilstl_ng
of all known instruments in their respectiv
categories not only would make this Eaper
excesswelﬁ/ long but would be unnec_? sar{Y,
because the reader can_quickly classity any
hnstrument once the principle of the syster
as heen grasPed. o _
. Group L~ Force-measuring instruments. This
is certainly the most common method used for
measuring food texture. The measured variable is
force, usuall(}/ maximum force, and distance and
time are held constant or at least replicatable. The
force measurement has the dimensions. m_ 1 t
(mass, length,_time"2). Examples of this instru-
ment are the Tenderometer (Martin, 1937), Mag-
ness-Tayor Pressure Tester (Magness and Tay-
lor, 1925), Warner-Bratzler "Shear (B ratzler,
1949), Maturometer (Lynch and Mitchell, 1950),
Shear Press (Kramer et at, 1951) Christel Tex-
ture Meter (Christel. 1938) and the Bloom Gel-
ometer (Bloom, 1925). A" force measurement s
not restricted to compression force. Several tensile
tests have been described for foods, e.g. Platt and
lvratz (1933) describe a tensile test on standard

FOOD TEXTURE MEASURING METHODS

pieces of cake. The force required to pull the cake
?rﬁ)art l\(/vas found to be a measure of toughness of

e cake,

Group 2. Dlstanc_e-measunn% instruments. This
group can be subdivided into distance, area, and vol-
Ume measurements. Force and time are held con-
stant or replicatable while some function of dis-
tance 15 measured. _ _ _

a. Distance-measuring. Distance, with the di-
mension I, IS measure(f directly. Examples are:
the consistometers that measure the distance an
unrestrained semi-fluid product flows in a hori-
zontal plane In a given time; various Penetrom-
eters that are allowed to_sink into soft products
such as fats and ma%onnalse;_ and the Ridgelimiter
(Cox and ngbr, 1 44%, which measures”the sag
of standard jellies. The applied force in these
instruments 15 frequentIP]/ _
pressor that measures the “depthi of penetration of
a hem|58her|c_al ball into cheese ~(Caffyn and
Baron, 1 472 IS an example of a distance-measuring
instrument that uses an applied force greater than
gravity. : o
" b. Area-measuring. Area, with the dimension p,
IS measured. An example is the Adams Consis-
tometer, where the area covered by a semifluid
ﬁroduct tha hag been, allowed to “flow over a

orizontal plane for a given time is measured. The
Adams Consistometer, "however, is usually used as
a distance-measuring instrument (dimension Ig by
av_eraglnq the distance of flow at four guadranit
points. “Incidentally, the Adams Consistometer
should be known as, the Grawemeyer and Pfund
Consistometer if priority is recognized (Adams
and Birdsall, 1946; Grawemeyer and Pfund, 1943).

¢ Volume-measuring. Volume, with the dimen-
sion f, is measured. qrhe best known application
of this method is the measurement of bread volume
b d|sPIacement of seeds. Another examgle IS the

Ucculometer (Kramer and Smith, 1940), which
measures the volume of juice expressed by press-
|ngGlOO g of sweet corn in a special cell. _

roup 3. Time-measuring instruments, In this

gravity. The hall com-

group, time (dimension f) iS measured, while force
and distance are held constant” (or replicatable).
The Ostwald-type viscometers are an example of
this type of intrument. Some consistometers have
been Used as time-measuring instruments by meas-
uring the time taken for & semi-fluid product to
flow™a standard distance. Consistometers are more
commonly used as distance-measuring instruments.

Group 4. Energy-measuring instriments. This
gro_uR Of instruments measure work or energy,
which is the product of force and distance and has
the dimensions m P An example is the Farino-
raph (C. W. Brabender Instruments Inc., South
ackensack, N. J.), which is used to measure the
physical properties’ of dough. Another example is
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the meat grinder used by Miyada and Tappel
(1956). . A”number of instruments have been ge-
scribed, in recent years that utilize a chart-recorder
on which a force-distance curve is drawn during
a test. The area under the force-distance curve,
which is a measure of work, can be obtained from
these. charts, so such instruments may be classed
In this group. _ _

Group 5. Ratig-measuring methods.  This
method requires at least two measurements of the
same variable, from which a ratio 15 calculated.
This technique yields a fiqure which is dimension-
less. The measured variable may be any one of
the variables listed above, An “examplé of this
method is the factor of cohesiveness in the G. F.
Texture Profile (Friedman et al., 1963). In this
test, the ratio of the work done during the first and
second bites on the food is taken as an index of
cohesiveness. The work is measured from the
area under the force-distance curve, and cohesive-
ness is obtained from the ratio Ai/Ai. The dimen-
sional unit of cohesiveness is m [2Am 1Z2 and
cohesiveness as defined in the GF Texture Profile,
is therefore dimensionless. Another dimensionless
ratio. that sometimes correlates with texture is
relative densKX. _ o

Group 6. Multiple-measuring instruments. In
this group more than one variable is measured.
Instrdments in this_group. usually use a chart on
which is_drawn a force-gistance “curve or. an ap-
Erommatlon to a force-distance curve. It is possi-
le to measure various forces, distances, and, areas
with these instruments. Examples_of this' instru-
ment are the G, F. Texturometer (Friedman et al,,
19632, the MIT Denture Tenderometer (Proctor
et af, 1955), and the Instron universal testing
machine (ZBourne_et al,, 1966). .
_ Group 7. Multiple-variablé instruments. These
instruments have more than one uncontrolled vari-
able, but only one variable is measured. The
variables mayor may not be interrelated, and this
relat|onsh|B may or may not be linear. Any vari-
able may be measured, “and it i often difficult to
establish the nature of the dimensional units. Some-
times these instruments correlate well with subjec-
tive measurements. However, it is preferable to
use other instruments where possible, because of
the difficulty of relating the measurement that is
obtained to” measureménts by other instruments.
An example of the multiple-vériable type of instru-
ment_is the Durometer (Shore Instrument Co,,
Jamaica, N. Y.), which was_designed for measur-
ing softness of rubber but is sometimes used. on
foods. The Durometer consists of a small spring-
loaded hemispherical ball that protrudes above the
surface of an anvil. The Durometer is pressed
against the product until the anvil makes contact
with the product, and the depth of penetration of
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the_ball is read off on an arbitrary scale that is
calibrated 0-100. With this instrument a variable
force is exerted over a variable area, resulting in a
variable depth of penetration of the ball.” The
operation and limitations of the Durometer have
been discussed by Bourne and Mondy (1966).
. Group 8 Chemical analysis. Chemical anal¥3|s
IS not a physical measurement but is an objective
method that is sometimes used for determining the
texture of foods. The methods of measurément
listed in this group and in group 9, below, are
Indirect methods for. measurm%] texture. They are
used because there is a correlation between “their
measurement and a subjective measurement, al-
though they do not medsure texture directly. A
chemical analysis is usually expressed on a
weight/weight” bais, as é)_e_rcent or parts per mil-
lion; and urider these conditions the result is a ratio
measurement and is dimensionless, 1f the analysis
should be expressed on a weight/volume basis or
volume/weight basis, the result would have the
dimensions m G3and m~13 respectively. Probably
the best known chemical measuremént of food
texture is the alcohol-insoluble solids test (Kertesz,
1935 AOAC., 1965 which is accepted as a
standard of quality on raw green peas. Another
example 15 the pericarp _content of Sweet com
(Kramer et al, 1949) which is a partial measure-
ment of the texture of sweet com. _
Group 9, Miscellaneous. It usually happens in
any classification system that a few éxamples can
be found that do not fit into_the carefully glanned
scheme of order. A classification of " objective
methods for meas_urlngi texture and consistency is
no exception to this rule. Therefore a ninth group
i included in the classification. The three require-
ments for this group are: a) the method must be
an objective orig; b) it must correlate well with
texture or consistency of a food; and ¢) it does
not fit into any of the eight groups listed above.
The measured "variable might oe any property at
all, and consequently the dimensional Units can vary
just as widely. o _ _
The first examgle in this Ogroup IS an_optical
method (Love, 1958; Love and” Mackay, 1962). A
standard weight of fish is homogenized in dilute
formaldehyde™solution, and the optical density of
the homogenate is measured. A tough piece of fish
breaks up"less readily than a tender wece and gives
a lower optical-denSity reading. The second” ex-
ample in this Proup I an electrical method f(Nybom,
1962). The firmness of berry fruits is found b
measuring their ability to transmit vibrations.
50-cycle alternating current is supplied to an ear-
phorg, in contact “with a single” raspberry. The
vibrations from the earphone are  trarismitted
through the fruit, and their intensity is measured
In a second earphone on the opposite”side. A third
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example involves sound T(Drake 1963). The
soungds of chewing various foods are analyzed for
amplitude, frequéncy, and duration.  Although
more work 15 needed with this method, significant
correlations, between texture of the food and the
crﬁaractgrrstrcs of chewing sounds have already been
obtaine

FINAL COMMENTS

The great drversrt}r of methods mentroned
aove %erve {0 e asize the varied prob-
ems that the food technologist faces In
attemgtrng to measure food texture by ob-
rectrv methods. The breaking down” of a
0od In the mouth Into a state sultable_ for
swallowing, Involves complex combinations
of the variables. force drstance and time.

|s |s s own in the dimensiona anagsrs

exture Profrle in

ﬁFrre 3 The Texture Pro-
or solids re urres three different force
measurements (nardness, brittleness, and
ummingss), two different work measure-
ents (adhesiveness and chewiness), one
distance” measurement (elasticity), and one
dimensionless ratio ﬁohesrvenes (In
this discussion the author has ad ered
Szczesnrak s.conception of the G, F, exture
Proreft being derived fromaforfe -gjstance
curveat ough, In fact, 1t is actually derived
from a orce -time curve Strictly speakrn?
orce, .time, and force- trme mtegra
can be tained from the G. F. Textufom-

eter_ However,
G. F. Texturometer is such that the force-

the. construction of the

time curve approxrmates a_force-distance

curve Theret‘aon
Integrals (work) approximatel
gott Iarr) i )
intermediate entl
the rheologrcal nature of foods and

Orce exactly,
S

can be ugep to measure
distance and force-distance

1949) has proposed that

Ilties are needed to describe
that

dimensions of the tt/ pe ml"1t(*Y) are needed,

where the exP
Although

onen
he

may not want to go to t

&k —2) rsntan Integer.
racticing’ food technologist

should at least be awfare that different

\Srap%b e(sjeareestrsed In dif
url Vi

mstrr?ment e should understand Which di-
mension is the measured variable and which

erent texture mea-
f he Is designing a new

dimensions are the constants In his system.

Takrnci this jnto account should

design

stru en? and should"assist in understanding
the usefulness and limitations of the measure-

ments  that
Instrument.

are obtained from that
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Table L Classification of objective methods for measuring texture and consistency.

Method Measured variable
1 Force-measuring ~ force F
2. Distance-measuring {a distance
b) area
¢) volume

3. Time-measuring Time T
4. Energy-measuring  work Fx D

5. Ratio-measurnig F,orDorT, orFXD,
measured twice

6. Multiple-measuring F and D, and T, and
1. Multiple-variable F or D orT

_ _ (all vary)
8. Chemical analysis  concentration

9. Miscellaneous anything

Dimensional units

rnlf2
P
P

t
m Pt2
Dimensionless

v @),

m I-r2

unclear

dimensionless
(% or ppm)
anything

Examples

Tenderometer

Penetrometers
Grawemeyer Consistometer
Seed Displacement

(bread volume)
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