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Biochemical Changes in Fish Muscle During Rigor Mortis

D. J. NAZIR and N. G. MAGAR

Department of Biochemistry, Institute of Science, Bombay 1, India
(Manuscript received April 16, 1962)

SUMMARY

Mullets (Mugil dussumieri), Bombay clucks (Harpodon nehereus)9 and
groupers (Epinephalus malabaricus) were stored in crushed ice at about 2°C,
and changes in pH, glycogen, lactic acid, inorganic phosphorus, creatine phos-
phate, ATP, acid-soluble and Ba-acetate non-precipitable ribose, and TMA were
studied. Though glycogen decreased and lactic acid increased throughout,
no direct relation was observed, and measurable quantities of glycogen were
present at the end of the experiment. Inorganic phosphorus increased slowly,
and creatine phosphate and ATP decreased, the former at a more rapid rate.
The Ba-acetate non-precipitable ribose and the ratio of non-precipitable ribose
to acid-soluble ribose increased continuously. TMA values rose slowly, but were
quite low even at the end of the experiment.

INTRODUCTION content after death, Tomhnson ct aI (1961)
Biochemical chan%es in fI%h muscle shortl ly found that the_acid-labile rPhOTB orus con-
after geath have been described by numero tent . un x?rmsed tront and flounders was
Investigators, bt comparattvely few at- mainfained for a few hours post-mortem,
tempts have been made to corfelate these but If these fishes were exerCised or ex-
changes with the cqurse of ngor mortjs. hausted before death (and also In s?ckee
Reay” and Shewan (1949) notd that the salmon caudht under . commercial Tishing
uIttmate pi L depended on the amount of conditions) the acid-labile ‘phosphorus con-
acttc aC|d Pro uced and Reay_I ¢t al. ( tent decreased from time of death. Results
conclu ed hat teutlmatﬁ for fISh was similar to those of Tomlinson ct a. (1961)
definitely  highe than tat reported for  were obtained by Nakano  ( ?61bc) and
mammals. Macleod and |mpson (1927), Partmann  (1961), respective worktng
Macpherson §1932 Shar 93@ Amaro W|th unexermsed glbels and with trout an
?: 0g UCI and _Yamamoto R
(1955) and razer ct aI (1961) studied nother change that takes ﬁlace in fish
anfgsm ycogen and lactic acid content after death IS ‘an mcrease in Ba-acetate
I fish muscle rToost -mortem. ~ Tomlinson non precwltable nbose from 0 to 80% 1n 6
ctal. (19! ) examined the changes In lactic ys shewan and Jones, 1957). Tarr
acid content of fish muscle Inrelation to  (1954h), worklntrt with Itngcod and rock
rgor mortis. cod showed that The muscles of these fishes
heoganl ghostr)hat?s are rapidlv. broken contalned enzyme sstems capaole of de-
down aftér death, resulting in"an increase gr{a |nﬂ nucleic aci (s and certain nucleo
I ingrganic  phosphorus Cutttng l0es uc leotides, ang ribose-5- (Pho Cp hate to
olovkin ﬁnd Rershtna 1957 re%orted free ribose. . Tomlinsgn an regl mﬂ
that In fis musce store bet een 0 and  (1960), working with Itngo came to t
?C the acid-labile noorus decrease conclusion that fihomononticleotides and not
days post-mortem, then Increased RNA were the main precursors of free
shgh y for a day or S0, d then agﬁln nbo

deCreased. ()ther workers (Reay and She- In the present work we investigated some
wan, 1949; ‘Noguchi and Yamaroto, 1955 of the bijochemical changes that take place

Jones ‘and’ Murray, 1961 : Nakano,. 1 961a3 during the first few hours after death I
have shown a continuous ‘decrease in ATP 3 varieties of Indian fish. No data on these

1
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lines are available for Indian fish. The fish

were examined at regular intervals to ob-

tain some idea of the manner in which the

3bove mentroned constituents changed from

Ofeath 0untrl a few hours after the resolution
rgor

MATERIALS AND METHODS

Mullets (Mugil dussiiinicri, average weight
100 g), and Bombay ducks (Hcrrpodon nehereus.
average weight 50 g), caught close to the shore,
were brought alive to the laboratory within 15
minutes of being caugbt, and killed by a blow on
the head. Groupers (Ppincphahts “malahuricns.
average weight 500 g) were held alive at the
Taraporewala Aquarium for a few days until a
sufficient number were collected, and then brought
to the laboratory and killed as above. Four fish
were taken for immediate analysis, and the rest
were placed in crushed ice at an ambient tem-
perature of about 2°C, as suggested by Tones and
Murray (1957).

Observation of rigor mortis. The onset and
duration of rigor mortis were observed by feeling
the firmness and elasticity of the flesh as well as
by holding the fish by the head and noting the
rigidity of the body as described by Cutting
(19591,

Chemical methods of estimation. At regular in-
tervals of storage (1 hr for Bombay ducks, and
2 hr for mullets and groupers), three or four
fishes were taken out of the ice; the muscle
samples of all the fishes were pooled together,
and half was extracted with 30% KOH (for
glycogen) and the rest in ice-cold 5% TCA (for
lactic acid, ATP, creatine phosphate, inorganic
phosphorus, acid-soluble and Ba-acetate non-pre-
cipitable ribose and trimethylamine).

Glycogen. Glycogen was extracted with 30%
KOH as described by Good cl al. (1933). The
extracted glycogen was estimated by Montgomery's
method (1957) with phenol and sulfuric acid.

Lactic acid. The extract for color development
was prepared as suggested by Van Slyke (1917),
and the lactic acid was estimated by Barker and
Summerson’s method (19411,

Inorgr nic phosphorus. creatine phosphate (CI'),
and ATP. The procedure described by Griswold
ct al. (1951) was followed for extraction and
determination of these substances. In this method
CP was estimated as molybdate-acid-labile phos-
phorus and ATP as readily acid-hydrolyzable
phosphorus.

Trimethylamine (TMA). TMA was estimated
by Dyer's picrate method (1945), the yellow color
produced on the addition of picric acid being
estimated at 420 mg.

MI'SCI.LE DURING RIGOR MORTIS

Acid-soluble ribose and Ba-acetate non-prccipi-
tablc ribose. Acid-soluble ribose was estimated
from the TCA extract by Mejbaum’s method
(1939) with orcinol and ferric chloride. The
Ba-acetate non-precipitable ribose was determined
by treating the TCA extract with Ba-acetate in
80% ethanol at pH 8.2, the non-precipitable ribose
being estimated in the filtrate.

RESULTS AND DISCUSSION

Doth mullets and droupers were fairly sfiff
one hour after death and passed into full
rigor In about two hours, Bombay ducks,
on the other hand, started stiffening wighin
a few minutes of death, reaching fill or
within an hour. The mullets, Bombay duc
and groupers respectrvely remained in f uI
rrr%or for'9 4 a hours, and the reso-
lution of rrgor took 6, ? and 6 hours more,
The time Between hauling and the end of
rigor was 16. 10 and 18 hours respectively,
|eSs than the trmes re orted for other fish
bX Cutting Tomlinson ¢t dl,
961 ). Amlacher 1961 recentI% revrewed
qr?r mortrs data for selected fishes. These
Shes were as yxrated whereas In qur ex-

Perrments th e% were Kk y stunning on
he head. The duratron of rrqor mortis
about 2°C was

reﬂorted for fish stored af
usually higher than the values found I our
Investigation. This may he due to the differ-
ent families and habitat from which the
fishes used In our experiments were selected.

The resylts are presented in Table 1 The
pH of mullets. Bombay ducks, and groupers
rmmedrately after _death was res ectrvely
6.8, 6.7, and 69, The h)ll decreased slowly
{0 ab? 56465wh nt muscle hag passed
rnto rigor, and later urrng rts reso-
lition, after whrc h the FT [0S srg htly, to

anout 6.5-6.6. eay cta r(1943) stated that
t g ;)H of fresh 6y killed fish dropped from

0 af the onsel of rrgor
mortrs Srmrlar results were obtajned
1953)  from about 7.0 to between

9 when rigor mortis had st in,
Noguchi and Yamamoto (1955) stated that
the"pH of Scomber a oniats dnd, Pagroso-
tmts ma%or respectrve decreased in 9°"hours
tfrorén5 5 immediately after death
0

Fres Iy killed mullets, Bombay _ducks,
and groupers respectively contained’ 219, 20.
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Table 1. Post-mortem changes” in three fish (mg per 100 g of fresh muscle).

Time

T Sweb 4 G LA AR BANRR R P PP A TMA
Mullet

0 68 219 23 121 23 1&® 16 18 N1 00
% 267 167 2% 17 24 19 10 14 B2 004
i 67 10 319 17 26 204 10 90 2206 004

4 i 67 18 37 16 34 288 15 73 157 004
6 i 66 97 W7 15 42 33 18 58 139 006
8 i 66 8 38 18 50 419 112 49 121 007
10 i 65 74 44 16 63 546 14 37 102 008
12 3 65 63 45 15 17 668 16 24 82 009
14 3 65 50 4% w4 91 7% 19 12 90 0l
16 3 66 9 4% 13 108 9% 18 05 79 0I5
18 4 66 0 42 112 124 1109 120 6 0l
2 4 66 26 48 W 144 1288 13 70 020

Hombay ducks

0 67 20 2 %9 19 197 60 67 382 0l
| 1 67 13 3% 9% 21 218 60 48 %6 015
2 1 67 T4 9% 20 200 60 31 34 019
3 1 67 746 9% 23 28 6l 12301 019
4 1 66 6 5 93 26 283 6 03 282 019
5 1 66 6 N B 29 312 6 03 22 019
6 3 65 5 6l 9 33 357 6 01 248 019
1 3 65 5 6 N 36 406 62 208 022
8 3 65 4 6l 90 43 4R 63 172 024
9 3 65 4 61 8 53 590 64 140 024
10 3 65 4 6 8 63 U 6 12 02
1 4 65 3 6L 8 13 8 67 17 03
v 4 66 3 58 86 82 9% 68 49 034
Groupers
0 69 33 168 23 36 1688 15 41 179 004
1 269 308 24 24 42 189 18 33 L5 00
2 I 68 21 23 2 47 211 13 21 132 005
4 I 67 234 304 28 55 25 13 13 119 005
6 i 67 22 35 26 84 389 14 06 96 006
8 i 66 1B %7 212 109 518 1B 03 78 007
10 i 65 165 408 208 140 674 13 01 54 008
v i 65 149 438 204 181 889 17 ol 49 010
14 3 64 1% 466 200 28 UL 137 70l
16 3 64 119 49 1% 278 1416 140 30 013
18 3 64 156 504 12 R4 168 U 014
2 4 65 % 510 1% 6 19482 18 3l 016

aGlyc, glycogen; LA, lactic acid; ASK, acid-soluble ribose; BaANPR, barium-acetate

nnn qremplabc ribjse; R, nogc%gsc(;ma]téleribréggse N joo; IP inorganic phosphorus; PCP,

phosphorus of creatine phosphate.
W1 full rigor: 2. almost full rigor; 3, softening: 4. soft.
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and 393 mg of glycog%en per 100 g of frsh
muscle.  GIygogen Content decreased rapi lhl
durrn? the “first 2 hr after death by whrc
trme ull rigor had set in, and more ra U-
ally later on. Measurable rﬂuantrtreso ag g -
gen Were present even a er rigor had” been
ompletel resoIved ¥co%en content Was
lower in Bombay ducks thait in mullets and
%roupers This ‘Was grobably not the result
f violent strugdlmg r exhaustion, since the
lactic acid_content of Bombay ducks was
also low (20 mg/lOO g of muscIe Immedi-
ately after death). Mullets and groupers
on ‘the other hand, _contained aporecrabl
amounts _of Iactrc acig: 273 and 168 mﬁ
. The lactic acrd content of %II t
three sRecres mcrease th rou1g hout the e-
rro when the fish was n uII rigor an
urrnIg Its resolution, By the tinie rigor
was fully resolved, the Iactrc acid conent
had rrsen almost to 1ts maximum, and fur-
ther increase, was very slow. In Bombay
ducks the lactic acrd content decreased
slightly after rigor had een reso ved.
ate-Smith and Bendal 1949), workrng
on rabbrts rats, and bullocks, and Benson
(1928), workrng on fish, reported that
gn cogen and lac cacrd contents determined
e time of onset and resolution of rigor
mortis. Bate-Smith and Bendall (1949)
have stated that the glycogen reserve can-
not delay rigor mortis beyond definite lim-
Its. A pH decreases sthrough the forma-
tion of lactic acr mes . of the
Ig/trc system beco epr ressrve mac ve
p 1934 re ote ggr‘}ogenoysrs
sets | ra | eath,” was’ ar-
rested In fish that ha a |g mrtra glycogen
content (0.6-0.85%), In"fish with a high
? cogen content at tjme, of death the equli-
rr values for lactic acl
00 In_our experiments it was notrced
that in mullets and groupers th (f total d
creaget ug gly cogenr oh ) fnd ¢
respectively, “was rou
mcFr)ease |r¥ Iactrc acrdgoty 175 and 3 Zy
respectively.. In- Bombay ducks however
the [actic acid Increase (about 40 mg) was
much qreater than the tota glycogen de-
crease 17 mg). Tarr (1954a) Statéd that
fre uently, no reIatron between glxcogen and
actrc acid was observed, that ™It was
possible that the latter arose through the

0- was formed on storage

were (.4—

MUSCLE DURING RIGOR MORTIS

degradation of some other carboh)f]drate
Frazer et «. (1961) also found “higher
values for lactic acrd than glycogen In cod
muscle stored at both 9 a C. How-
ever, at 0°C the decrease m egcogen and
mcrease m lactic acid were roughly of the

Freshly killed mullets Bomba ducks,
and groupers contamed 127 99, and 168 mg
of acid-s IubIe ribose per 100 o muscle.
These vaIues ecreased 9ra ually on storage
in ice, 1o a bout 86-88% of therr orig rnaI
val ue Ta e Qw The Ba- acetate nou- R]re
cipitable ribpse Was resent In rather s
amounts In freshlx ki Ied fish, and this value
mcreased throughout storage, as did the
ratjo Qf non-precipitable riose to acid-sol-
uble ribose. The R value (non Brecrprtable
ribose/acid- squbIe rrbose Was re-
spectively 182, 1 163 for freshly
Killed mallets. Bom a ducks and 9roupers
and these rose_gradually to 9,56, 7.11, and
16.85 by the time rrgor had been resolved.

Jones and Murray™ (1957) reported that
the total ribosg content of codling decreased
on storage. Tary and B |ssett 1954) re
Borted that ?ea fish usu%gr contamed 8

3% of total ribose. bycom ined In
the form of nucleic acrds in living fish. On
storage at 0°C. free ribose developed in cop-
centrations varying from 0,02 tg 0.08% In
some varieties, Whereas in others (e.g,
salmon and, halibut), little_or no free ribose
Tarr (1954a) re-
Ported the presence 0 free D-ribose in quan-
ties exceeding 800 fig/g in the muscles of
some_fish post-mortem. “Shewan and Jones
(1957r) observed that the ratio of Ba-acetate
non-precipitable rrbo(se to toAaI ribose ro%
steadjly in freshly Killed cod in a straight
line from 0 to 80% In 6 days. As canhe
seen in Table L increase in the ratig R and
non-preci O’ablg rrboethrouphout the stor-
age periog Indicated a decrease 1N phos-
pharylated compounds that could he pre-
cipit Hte% % barium acetate (in 80% ethanol

at

m ol e i (Table 1) the o
phosphorus content gradually rose durrng
storage. The phosphorus of “creatine p

nate gCI B) de reased This comroound
as. present In_much greater amounts In
mullets than in Bombay ducks and groupers.
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Another difference observed was that while
the ~ creatine phos hate _gCPgJ had been
broken down completely in_Bombay ducks
and droupers while thése fishes were still
In full rigor, it persrsted I mullets until
rigor was completely resolved. The creatine
phosphate was broken down at a faster rate
In the nitial stages, and more gradually
later “on. Groupers contained fhe least
amount of ATP. In Bombay ducks the
ATP decreased at an aImost reqular rate
t roughodut but in mu lets and qroupers J
decredse more rapr ly In the beginning an
at a somewhat | ower rate during"the résolu-
tion of rigor, In all the three species, how-
ever smaII amount of ATP Was present
il the end of i experimen
Tomlinson et al. 19612 found that rrﬁ
in unexercrsed trout became establisfie
over a ecreasing range of concentratron of
acid-labile phosp orus similar to the ob-
servations o Bate-Smith and  Bendall
(19472 and Bendall (1951) in rabbit psoas
musclé, whereas In exhalsted trout and
other specres rigor was established over a
somewhat ower range. Full rrPor Was, es-
tab |shed on dy after the acid abrIe phos-
e

5) orus a reased 10 a ver}/ low value,
ones and Murray (1961) stated that ex-
hausted fish coptained orly 0.27 /;molefg,

hut even these fish did not go nto rigor for
some time. They further reported that cod-

ing, whether rested or exhausted, passed
Into” rigor at an ATP level of about (

p g,.and full rrgor Was establrs]
al a value “of a out cmoe?
repre ented onl 5% of the level in te
rested living arfimal.  In our experrments
groupers passed into full rigor ‘when te
acrd ab |e phosp rus content Was abo

? ﬂ] N muscle, ony s|

% than evalues reported b

ct al. (19! ) and Jones an Murray
(1961) I mullets and Bombﬁy ducks
however, full rigor became established while
much higher concentrations of acid-labile
phosphorps were resent in the muscle.

Like glycogen nd actrc acid, ATP and
creatine phos hate also play |mp8rtant rol es
In determinng the onset ‘and duration of
f or mortrs Bate- Smr%h Bendall
(h 2 working wjth _rabbits, found that
the di appearance of ATP was directly re-

lated to the stiffening observed in rigor

mortis, and Bendall (1951) and Lawrie
(1953), respectrvely workrnﬁ wrth rabbits
and horses, reportéd that the quantit of

creatine phosphate and gI co en at eat
determined_the Interval be we n deat1
the onset of rigor mortis. Reay and Shewan
(1949) stated” that the organrc phosﬁhates
are rapidly broken down “after deatnh, the
totaI or%anrc phosphorus content reachin
values ra fro 0.10-0.15%. Accord-
ing_to Bate mith prwate communrcatron
to"Reay et al., 1943 os ocreatrn%
ose monophosphate, a ATP were broke
down wrt n a few hours of death, to |nor
?anrc orth o[p osphate In amounts_estimated
6%_ for haddock and 0.11% for
skate ; but in more recent experrments
Jones' and Murrag 3 and Tarr
and Leroux 196F) demonstratdthe pres-
ence of ADP,"AMP, and IMP n fish muscle
post-mortem.  The latter authors have also
shown the presence of hexose phosphates
and free glucose in fish muscle.” Fujimaki
and Ko(])o (1953) stated. that true morgamc
phosphorus incréased S'ﬂhtY in fish Killed
mstantaneousl hut in fish kifled after strug-
ing. .this valUe Increased to about twrce
e original within 4 hr of death, ATP dis-
appearéd within the same gerrod No u h
and Yamamoto (fl%sa) stated that the
content of two fish analyzed by them de
creased from 41.7 and 41.3 mg/100 g a
death to 0.0 mg within 9 hr, “Jones and
Murray (19612 showed that there was no
maintenance of a constant ATP level in
codling for_several hours post-mortem  at
°C, while Tomlinson ct al. (1961) reported
majntenance for a few hours in résted trout
and flounders. . However, marntenanpe Was
not observed either i these. fishes JF exer-
cised ?r exhaust%d before krIIm% o |n SOck-
eve salmon caugnt under commercial fishing
conditions.  Xdkano (19%Lhc) and Part-
mann, (1961). respectively wo krng on un-
exercrsed gibels and on tr ut and carp, Inde-
en ent Iy reported similar results.
espective TMA contents |mmed|
ateI after death were 0.03, 0.14
% % mullets, Bomba
tr Upers. T ese valuets [0e
Storage, e time r
resohged had reached 0.15,

cks and
during
heen
0.14

owf v
(1(127 and
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nig/l00 g. It was noted that the TM.\
content beogan to increase ver%/ shortly after
death, and rose gradually t roughout the
storage period, though even at the.

the experiment the Values were quite low.
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XXII. Influence

of Proteolytic Enzymes on the Polarographie Wave
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SUMMARY

Investigation was made of the influence of pepsin, irradiated pepsin,
trypsin, and papain on the polarographic wave of native and denatured beef
protein solutions. Beef protein solutions incubated with pepsin or irradiated
pepsin show a characteristic change in the second waves of their polarograms.
This change is quite similar to that observed with a water extract from stored
irradiated beef. Pepsin subjected to low-level irradiation causes a more pro-
nounced polarographic change in beef protein solutions than does unirradiated
pepsin, and has a greater proteolytic action. Beef protein solutions incubated
with trypsin or papain show less significant polarographic changes than those

incubated with pepsin.

INTRODUCTION

Relations between polarographic waves of
protein solutions and proteolytic enzymes
have been reported (Brdicka, 1937; Car-
rathers, 1947: Hamamoto, 1942; Jihling
ct al, 1939). Ilata and Matsushita (1952)
reported a polarographic study of the hy-
drolytic process of digestion of crystalline
ovalbumin by purified pepsin and trypsin,
and suggested that the difference between
changes in polarographic waves caused by
papain and trypsin might lie due to the
difference between the proteolytic processes
of the enzymes.

The shape of the polarographic wave of
meat extracts varies considerably with the
kind of meat and method of extraction
(Hata, 1951: Ito, 1959: Kikuchi ct al.
1959: Tachi, 1954; Tropp ct al. 1939).
Factors influencing the polarographic waves
of extracts of unirradiated meats during
storage (Obara and Ogasawara. 1959a,h.
1960a,b,c), and effects of y-rav irradiation
on beef (Obara and (fgasawara. 1960d.e.f,g)
have been reported from this laboratory.
When meats irradiated with y-ravs are
stored, there is a remarkable change in the
shape of the polarographic wave of their
extracts. For example, a water extract from

8

beef irradiated at about 200 X 104 r had a
pronounced variation in the shape of its
polarogram, and the maximum of the second
wave was much higher than that of the first
wave (Obara and Ogasawara. 1960h). The
causes of these observed changes are not
known.

The present paper reports the influence
of pepsin, irradiated pepsin, trypsin, and
papain on the polarographic wave of native
and denatured beef protein solutions.

EXPERIMENTAL METHODS

Preparation of samples. Ensymcs. A commer-
cial crystalline pepsin (Merck) was dissolved in
20% (v/v) ethanol and adjusted to pil 4.0. The
solution was then filtered. The filtrate was
brought to pH 18 and was inoculated with
crystals of pepsin. After standing at 20°C for
three days, recrystallized pepsin was obtained
(Northrop, 1946). The pepsin thus obtained was
used.

Crystalline trypsin or papain (Merck) was dis-
solved in water. The solution was then filtered.
The filtrate thus obtained was used.

Water extract from beef. To 1 g of the beef
was added 50 ml of water, and the mixture was
ground. After 30 min at 0°C, it was then centri-
fuged 10 min at 6000 rpm. The supernatant (360
gg protein per ml) was used as a native water
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extract from the beef (Ohara and Ogasawara,
1960d,h).

Ten ml of LV XaOH solution was added to
40 ml of the native water extract, and the mixture
was kept for 10 min at 30°C. After adjusting to
the proper pH (pH 2.0 for pepsin hydrolysis,
pH 8.0 for that of trypsin, and pH 7.2 for that
of papain), each solution was made to 80 ml with
a buffer of pH 20, 8.0. or 7.2. These solutions
were used as denatured water extracts of beef.

Casein  solution.  Using commercial casein
(Merck), 0.6(4 casein solutions, adjusted to pH
20, 8.0, or 7.2 were prepared with each buffer.

Assay of enzyme activity. After 3 mill at 30°C.
5 ml o; a substrate solution, e.g.. a water extract
from the beef or the 0.6(4 casein solution, was
mixed with 1 m. of the enzyme solution, and
the mixture was kept for 0-180 min at 30°C. The
final mixture contained 0.5(4 casein or 300 gg of
beef protein per nil. T ie optimum pH value of
the reacting mixture was 2.0 for pepsin, 8.0 for
trypsin, and 7.2 for papain hydrolysis. In the
case of the estimation of the papain activity,
4.66 x 10~31/ of KCX. used as an activator, was
contained in the reacting solution. The reactions
were stopped by adding 5 ml of 0.44.1/ trichloro-
acetic acid, and the mixture was filtered. The
amount of tyrosine liberated in the filtrate was
determined spectrophotonietrically with Folin re-

}

10K e ml

_l

25 pe
||ll/l;]
’ O g

S=008 g7
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agents (Akahori, 1956). From comparisons to
standard tvrosin solutions, each enzyme activity
was calculated.

Co™ gamma-ray irradiation. ()ne percent pepsin
solution was sealed tightly in ampoules. It was
exposed to gamma-ray of Co™ for 20 hr at 12°C
at various distances from the source. A 1000-
curie. Co'l' source was used. Each sample was
irradiated with the following total doses: 0,
84x10". 240 X 10', and 800x10' r. Immediately
after irradiation, each assay was carried out.

Estimation of polarographic wave of proteins.
A definite volume of each protein solution was
placed in a buffer with the following composition:
10\l CoCl,, 0.1.1/ XHiCl, and 021/ XH.OH.
The protein wave of each sample was estimated
under the conditions of 25°C; sensitivity = 0.08
(IA/mm; In —1.107 mg/sec; and t —4.2 sec/drop.
The final protein concentration in the solution
used for estimation of the protein wave of the
water extract from beef was 56 Mg per ml of
the buffer solution. The wave height was esti-
mated by a method of Hata (1951) and Tachi
(1954).

Assay of protein content. The protein content
of each sample was determined by measuring the
absorption at 750 him after reaction with Cu-Folin
reagent (Lowry ct al. 1951).

! |

A0 pg /1

Protein waves of pepsin, trypsin, and papain in various concentrations of protein expressed

. FiR/I' L Pr
with Mg per nil of the buffer solution.
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RESULTS

Polarographic wave of proteolytic enzymes.
big. 1 shows polarographic waves of pepsin, tryp-
sin, and papain, measured in buffers of the same
composition but containing the enzymes at various
concentrations.  Polarographic waves of pepsin,
trypsin, and papain differed greatly from each
other, and changed with concentrations. The
crossing points of these protein waves, expressed
as protein per ml of the buffer solution, were
located at about 25 Mg for pepsin, about 1000 Mg
for trypsin, and about 5 Mg for papain. At higher
protein concentrations the heights of the second
waves were greater than those of the first waves.
However, the amounts of enzymes added to beef
solutions in the subsequent study were very
minute, so that any effect of the polarographic
waves of these enzymes themselves on the waves
of beef solutions are considered negligible.

Ultraviolet absorption spectra and proteolytic
activity of irradiated pepsin. The ultraviolet ab-
sorption spectra of the pepsin proteins irradiated
with doses of 0, 84 X 10, 240 X 10", or 800 X 10' r
are shown in Fig. 8. The maximum was located
at about 270 mg, and there was an increase in the
height of the maximum with increasing doses of
7-1ay.

Irradiated pepsin was added to a casein solution
or the water extract of the beef. The mixture
was kept at pH 2.0 for 480 min at 30°C, and

S=008 A mm

| [T

Fig. 2. Changes in protein waves of the water
tracts. of beef kept at pH 2.0 for 0-48 hours at
°C without pepsin (A) or with pepsin (B) of
8 Mg per ml of the reacting mixture.

S=008 #A,/mm

B) water extracts of beef kept at
or 0-180 'minutes at 30°C with pepsin of
Mg per ml of the reacting mixture.

nies in protein waves of native QA)

the activity of the pepsin was estimated. The
results are shown in Fig. 9. Pepsin irradiated at
84 X 10" r had a greater activity than unirradiated
pepsin, whereas pepsin irradiated at 240 X 10° r
had a lower activity than unirradiated pepsin. In
the case of the pepsin irradiated at 800 X 10* r
there was a remarkable decrease in activity. Thus
the activity of pepsin was increased by 7-ray
irradiation at a suitable dose level, but decreased
at higher levels.

Polarographic waves of beef solution incubated
with pepsin or irradiated pepsin. Polarographic
leaves of beef solution. The polarographic wave of
the water extract adjusted to pH 2.0 was meas-
ured after 0, 24. and 48 hr at 30°C. The results
are shown in Fig. 2-A. There was no remarkable
variation in the shapes of the waves, and this
confirmed our previous results (Ohara and Oga-
sawara, 1959b). _

kffeet of mrirradiated pepsin. When a minute
amount of pepsin was added to a water extract,
kept under conditions identical to those just
above (Tachi, 1954), there was a pronounced in-
crease in the height of the second wave compared
to that of the first wave (Fig. 2-B). Moreover,
it was very difficult to distinguish the location of
the maximum of the second wave. It is interesting
to note that similar changes were observed with
the irradiated beef solution (Obara and Ogasa-
wara, 1960h).

Fig. 3-A shows the changes with time of the
polarographic waves of beef solution incubated
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1T
Fig, 4. Changes, in protein waves of native (A
A
per ml of the reacting mixture.

with pepsin. After 30 min at 30°C, the maximum
of the second wave was difficult to locate and there
was a remarkable change in its shape.

The same experiment was carried out with de-
natured beef solution (Fig. 3-B). The change in
the polarogram of denatured beef solution was
more prominent than that of undenatured beef
solution. o _

The amounts of proteins in the native or de-
natured water extracts hydrolyzed by pepsin under
identical condition (as in Fig. 3) were measured
%FI . 1). There was a_ remarkable increase in
the “rate of hydrolysis in the denatured water
extract compared to that in the native one.

Effect of irradiated pepsin. Fig. 10 shows
changes in polarogr,aﬁhyc waves of water extracts
of beef treated with irradiated pepsin. Pepsin
irradiated with doses o: less than 240 X 10° r
showed a change in the shapes, of the polarographic
waves of the water extracts with mcreas,lnﬁ periods
of incubation with enzyme, and the height of the
second wave was above that of the first wave.
But there were no pronounced differences in the
shape of each protein wave at a given period of
incubation due to changes in 7-ray dosage of the
Fepsm. In the case of pegsm irradiated with high-
evel doses like 800 X 10° r, there was no par-
ticular change in the shape of the protein wave of
the water extract from the beef incubated with
enzyme up to 180 min at 30°C. o

Polarographic waves of beef solution incubated
with trypsin or papain. Under conditions identical
with the experiments with pepsin mentioned above.

the effects of trypsin and papain were studied.
Very small amounts of trypsin or papain were
added to the native or denatured water extract
from the beef. The enzyme reactions were car-
ried out for 0-180 min at 30°C in mixtures ad-
justed to pH 80 for trypsin or to pH 7.2 for
papain. In the papain ‘reaction, KCN solution
was_added as an activator. The results are shown
in Figs. 4 and 5. _

When trypsin was added to native or denatured
water extract from the beef, there was no re-
markable change in shape of the protein wave of
the water extract up to 180 min at 30°C (Fig. 4).
This point was greatly different from that in the
case of pepsin. _

When papain was added to native or denatured
water extract, there was a prominent variation
in the shape of the ﬁrotem wave after 10 min at
30°C, and the height of the second wave was
conmderabéy greater than that of the first wave.
The second wave in this case gave very indistinct
maxima (Fig. 5). _

We examined the influence of various KCN
concentrations on the protein wave from the water
extract without papain, and the effect of time of
reaction on the protein wave from the water ex-
tract with KCN_of a constant concentration but
without papain. These results are shown in Fig. 6.
From these it was clear that the shape of the
protein wave of the water extract was 8re_atly
Influenced by KCN. In the case of the addition
of KCN of constant concentration, the shape of

008 A/ /mm f
! |
il |

Fig. 5. Changes in protein waves of native (A
and Uenature ZF) Wgter extragt o?wee%\&e(le?
5 '%%e?i"ﬁgﬁaln 2 o e 2

ctfﬂg mixture
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the protein wave was little affected by varylng
times from 10 to 180 min. Consequently, it seeme
that tbe greater part of the change in the shaﬁ
of the ?rotem wave in Fig. S occurred from t
effect of KCN itself. But comparing both_protein
waves after 0 min reaction and' S or 10 min reac-
tion at 30°C, their sha?es were obviously dlfferent
Therefore, a portion of the change in the shape of
the protein wave was brought by the papain
reaction.

As shown in Fig. 7, the amounts of hydrolyzed
Frotems were ?reater in denatured water extracts
han in the native ones.

DISCUSSION

Proteins denatured by heat are more sus-
ceptible to proteolysis ‘than native proteins

ITIMY IKINiV [RTalll

Vo F
i “IIM IX M I '
Amoun f tyrosing Ilbera ed from pro-

e Xwg It

|nu es ? wit E sil, ter or
gg per ml of the reacting' mixture

1
V] 'l

telns in’

?xtr {

papain 0

(Haurowitz et al., 1945 Lineweaver and
Hoover, 1940). Mata and Matsushita %1952
observed_ that”ovalbumin in the native stat
was hardly h}/drol yzed b e|t er ;)a ain or
Hg/rpsm and h(? pol aro ap IC WaVes were

canﬁ present stud g
chan olarographic waves of de-
natu?é beeft soIBtlon cgbated with_pepsin
Wwere m?re pronounced than those of natlve
beef solution incubated with pepsin: this
can be attributed to the higher degree of
hydrolysis in the denatured one.

Enzymes in cells or cell particulates mar
in s?me Instances show an mcreaﬁe In activ-
ity oIIowm? Irradiation.  This phenomenon
IS belleve%d 0 he due to a lLiberation of the
enzyme from inactive complexes within tne
%e. The phenomenon ha? been observed
oIIowmg -Irradiation o mvertase and
phosp ogiucomutase in ch orog lasts  (Sis-
sakian, SSR/I nd alkaline ph sphatase In
Keast cells d‘ eissel, 1955). " This can also
? attributed to changes from inactive forms

Of enzymes to active”states.
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When heef samples irradiated with 148 x
0. to 200 x 10. r were stored at 20°C.
there was a pronounced and characteristic
change In the oarograp) wave of their
wate extract (Tachi, 1954). This_change

(iurte similar to that observed with beef
pro ein solutions incubated with pepsin, par-
icul ary rrradrated peosrn Thérefore, " the
E gg[rag c ange with the irradiate
tore (O ara and Ogasawara, 1960b

?/ he par explained v the |ncrease
activity teclytrc enzymes. In beef that
ae acce er ted }/ the yra rrradrﬁtron of
about 148 x 10. 10 2 L 1. This sud
gests that the rrradratron actrvates the na
Ural proteolytic enzymes in beef, resulting

the protei th
minds at030§8 hh R t%'e”psvrha%? 8 R %e’?ah'

in more  rapid proteolysrs However thrs
hypothesis Is not supported by the find rnﬁ
that beef protein squtrons rncubat%d wit
papain, an enzyme Similar to _cathepsins,
which are the natural proteol tic enz mes
In beef, showed less srgn ficant polarographic
changes than similar” solutions - inCubated
with “pepsin

The identification of protern companents
In beef solution responsible for the character-
Istic polarographic changes is now under
Investigation.
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Post-Mortem Changes in Chilled and Frozen Muscle

\Y. PARTMANN

Federal Research Institute lor Rood j’reservation, Karlsruhe, Rederal Republic of Germany
(Manuscript received June 12, 1962)

SUMMARY

The conception of Huxley concerning the structural basis of muscular con-
traction is universally accepted. It shows a close correlation between ATP and
the fibrillar proteins, also existing during the first phase of the post-mortem
changes. Rigor development has been followed in whole fish and isolated beef
muscles by measuring the torsion elasticity. Often there are great individual
deviations in rigor development within a single species. Generally, at corre-
sponding temperatures, rigor development lasts longer in mirror carp than in
the gastrocnemius of beef; rosefish needs a longer time to reach maximum
rigor than cod. Evidently, the rapid phase of ATP breakdown and increasing
rigidity of muscles is initiated by inactivation of the Marsh-Rendall factor in
the post-mortem period. Normally, contraction occurs when ATP is added to
fiber fragments of aged meat. This implies that the actomyosin complex
formed during rigor development becomes dissociated, or at least may become
dissociated easily, in aged meat, and that tenderness changes in the aging period
are correlated to this process. ATP breakdown in fish muscle is highly acti-
vated by freezing and thawing (“biochemischer Verletzungseffekt”) and seems
to be caused by inactivation of the relaxing factor. Fish (whole fish or fillets)
frozen under normal commercial conditions immediately after death show an
insignificant degree of thaw contracture. In cod and rosefish no significant
difference has been found in the extractabilitv of the actomyosin fraction, if
the time passing between death and freezing was considered. In frozen muscle
tissue stored below —18°C, ATPase activity and contractability decrease very
slowly. This shows that the actin and myosin filaments are not subject to great
structural changes by freezing and thawing. In the freezer-burn area of mus-
cle tissue the structure proteins lose the ability to contract on ATP addition
more and more with increasing storage time; finally, even the plasticizing effect
of ATP on the fibrillar proteins disappears, the fibrils scarcely change their
original orientation.

In dealln? with meat we pormally think mic reticulum and. in close connection to.it,
of the skeletal muscles_of higher verfebrates the mitochondria and microsomes. which
like Warm Iooded animals “and fish. The apparently produce and release the relaxing
% pical skeletal muscle 15 enclosed in a factor (Marsh-Bendall factor) (Xagal et al,
eath c%lled the perimysium and perme-
ate b}/t e connec ve tiSsue, often confan- ~ The pattern of the cross-striations is_re-
deposits.  The main portion_ of the  peated reﬂularly every few_microns. The
musc es consists of fibers with a diameter unw1 Is called a”sarcornere. The boundaries
of 10 to 100 microns. Observations In the  of the sarcomere are the two narrow Z- Imes
I| ht microscope show that the muscle fibers — In the middle Is a dense amsotroplc band,
are cross-striated.  Electron micrographs the Q-band. Here is oca lized m osm one
reveal that the cross-striations are assocl-  of the two main structural rotel S o mus-
ated W|th thes bunl s of the flbers the myo- cle fibers, In the middle of the Q-band we
flbrIS . The sarcoplasm betw en often find a less dense zone, called the
E Woﬁbrlls contains a hlgw or an| Z0Ne. AIternahng along, the' f|br|I W|th the
or vesicu ar system:"the sa cop as Q-bands are the isotropic I-bands. During

u h u, finnntnfrm«/l.I
AT A
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methacr ate
e, p(}iymerlzatlo}a

of %é g g

1 dlp}? %%f? reg
o6 G5 Chieding X%
Acc. thtion > 10
tretch and contraction of the fibrils the
-pands remain at approximately . constant
th whereas the I-bands ﬁhange in length.
sema Importance IS the fact that ‘the
ones are Ionger In stretched muscle than
ntractfdmscle Fro hlstoloPlcaI nd
? emlca evigence, Hux ey deveoe ,
ding filament model” ? striated muie

with osets of protein-filaments (Hu.xlev

ARG (

The thicker myosin filaments of the ri-
band do not change their Ienﬁ th during con-
traction and extension. In the restlnq state
the thin actin filaments, starting at the Z-
line, terminate before they reactf the cenfer

of the O dgresence of the. active

agn|

vco OU’

c_rs:ﬁ

P&CIOI’

reIaxm bei1 s ATP Inhibifs thg
contraction and is the reason that actin an
myosin - remain  dissociated.  Excitation

causes depolarization of the membrane, and
probably the release of Ca " and in conse-
uence,” inactivation of the reIaxmg factor

Brech}1 and Payschinger,_ 1961). ~ There-

on. the interaction of ATP, muosin, and
a tin- will occur It leads to_the formation
of the hlg actlve ctomyosin- ATPase and
to contraction, wh |c means—according to
ourmodel—that the two sets. of filaments
slide past eacn other. With this association
of actin and myosin a decrease In the Ien([;th
of the 1- and H-zones is eﬁected (Huxlev
ang Hanson 1954; Huxley.

The existence of two overIapP Tg sets of
f|Iamen§s in_muscle, which at first was
doubted by other workers, was later dem-
onstrated very clearly in excellent electron
mlcrograp s by Huxley (1957)and recently
by Sténger arid Solro
Hence, the, sliding model-system, which
has been’confirmed By biochemjical measure-
ments explaing the thanges in the wisible

dpattern of muscle and its changes |n
Ienqh during conraction and stretch,
tainty, this model will be completed and
improved in the near future to fqu|II the
conditions required by some new findings
of Cansell et al. (1961).

The following will try to show that some
of the impoftant post-mortem —muscle
changes show a close correlation to the inter-
actions between ATP. actin, and myosin
that fake place in living muscle during”con-
traction and extension.

, I-band Q-band I-band
Z-line i H-Z0ne , Z-line
77777/1/1A V/////7777X

I T777T/1] NI/IIITTTZA

£ XTI A

actin-filament
myosin-filament

I frr7r11IANTTTITIA

NIRRT g

Vo~ ~[IMINTTTA
X" N HTTT L
r— I UTTTTS
F|J 2. SI|d fllamen model O;L-qule

calzanci ?gcnn fl mvogin-filaments a
Ing muscle length, r.l. = rest eng

9oV.d.

1956
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Before this problem is discussed it may
he useful to complete the outlined concep-
tion of Huxley by some statements from re-
cent research work: In fhe presence . of
ATP the active relaxing factor m restrng
muscle fibers inhibits fhe enzymatic an
structural Interactjon of actin_and myosin,
Association of actin and myosrn Ieadrng 0
contraction, will occur whien” the . relaxing
factor Is inactivated. By this_association the
scarcely active L-myqsin-ATPase IS con-
verted In the hrﬂhl actrve ?tom 0sin-ATP-
ase. ontractro musc bers and moael
systems will_be pro duced only if the mech-
anism, of ATP- Sr? litting rs based on the In-
teraction betwee actrn and I.-mvosin (Bar-
any and Jaisle, 196

ith the assocratron of actin and myosjn
during contraction, the resistance to stretch-
Ing Increases (Barany and Jaisle,  1960).
This means, that the ‘modulus of elasticity
changes. The Increase rn cohesrve forces
between actrn and myosin |aments may be
caused by the attactiment of bridges from
the myo In filament to the actin™ filament
(Huxley, 1957) during contraction.

RIGOR-MORTIS

After the slaughter of warm-blooded ani-
mals and fishes “the muscles become con-
tracted and rrr{nd The extent of contraction

depends on Temperature (Bendall, 1951
I\/Iarjsh " 1953t' 4 rdt%s : %%43) o randBernndae
endently, Bate-Smi

ey ook e dia

TP s the reason for rigor-mortis. develop-
ment, The newer resultS concerning rigor
development and the biochemical processes
involved have been revrewed by. amon oth-
ers, Bate-S mrth #948) Partmann_(1 g
and, recentIy itaker (1959). Therefor

| will Iargey restrict this report to my own
recen results.

There is nq doubt that the course of the
main brochemrcal Progesses Iea g to rigor-
mortis 1S, the same In muscles of a great
variety of %oe?res of fish and Warm t%lood%d
animals. erences were found for t
ultimate pH values reached durrng rigor
development and the glycogen resjdues” in
full rigor. It is surprising” that, in horse
muscles, a considerable amount of resid a
glycogen (e.g. 1715+ 142 mg/100 ¢ d

pPearance of

s

phragma muscle) has been
ultimiate pH value (e.0, 591+

phragma muscle) (Lawrie, 19559). General
exPerrence 15 that pH 53 I the limiting
value, beyond which’ glycolysis is completely
inhibited "even though glycogen may still b

present,

In warm-blooded animals rt IS known
that, during rrgor -motis devel oroment the
changes  in"creatine, phosphate, nucleotjdes.
H. “and_extensibility may vary consider-
ably in different muscles. We found this is
valid for fish, too. In cod (Gadus.morrhua

) and rosefish (Sebastes marinu

rigor r?eve opment (?td normal?y fread))
begun in the dorso lateral hoay muscle,
Whereas the muscles movrnP the  radii

branchroster rn living animals were _still
excr eectrrc cuprent. In 2 of 40

P—

le
rose rs thrZ muscle could be stimulated to
movement at 90 Y even after o days of ice
Furthermore,

storage. Lawrie ~(1960).

ws%"‘*a‘*‘@% ;)

3 Qriginal . laboratary tog) to measure the
chan es of theg forsion eastrr,yty o# musnt
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studying the post-mortem behavior of the
longissimus dorsi muscle. of pigs, found con-
sistent differences In uItrmate pH_and com-
position at different Iocatrons These re-
sults show that it may be very difficult to
estimate the exact time”of the onset of rigor-
(rjnort]rs and of full rigor in an animal dfter
ea

Resistance to stretching could he meas-
ured to foIIow the course "of rigor develop-
men rn musce strr s. This method is, un-
surt e for following rigor changes in a
whole fish. For this Teason we developed a
new method and an instrument that al owed
Us to estimate the torsion elasticity in jso-
lated muscles and whole fish. In"the frrst
laboratory model of the apparatus (Fig. 3
a constarit force to induce a torsion-moment
on the fish or the isolated muscle was pro-
duced by putting weights on a scale Of a
balanc movrnd a small cord drum. The
ford rum work Jar clse \}6 under norma
aboratory condrtron as not suita
for measurements under rough conditions
at sea, Therefore, rn a new model (Fig. 4
a spring "wic used to produce the torsion

ment This rnsH) ent worked vené sat-

ctorrly in the laboratory and on board
our research vessel, “Anton Dohrn in the
Icelandic Sea i February 1961 Thig de-
vrce rs described by Nemitz (rn press).

The torsion angle I\, measured rmmedr
ateIX after death drvrded bg the torsion an n?
fter the time " tells uS how many ti

?reater the torsion modulys has become at
Ime s_in comparison to the value at time
zero. This relatjon S~ was used as a meas-
ure of the relative rigidity change reached
at time .

A curve for the isolated musculys gastroc-
nemius may Serve as an example or the

nﬁldl%rv ha”tﬁ? erlen EgedevTHﬁt ?or(ltrls essg'f

drf erent s%ecres Fro hand 6
show, te eef and fish eats are not_char-
acterized a systematic difference in the
time course of rigidity changes after deatn :
Under corres ondrn temperatures—some-
what unex ected| nu—rr gor deveIo ment lasts
even on%r In_ mirror=carp (Cyprinus cor-
rns L% an in the gastrocnemius of heef.

ften t gre Fre great Individual devratrons
In rigor development within a single species,

nding on the physiological stafe of the
rﬁﬁe anﬂna | For Fr)n tanceg in rosetrsh (S¢c-
bastes marinus L.) and cod (Giutus mor-
rluta L) cau?ht and handled carefully and
Iced rmmedraelm after the frIIet was ‘taken
from one side, the time at which excitation
bg electric current ceased showed consider-

le deviations (Fig. 7). But in testing 50
fishes or more of the same Species It became
evident that, on the whole, the muscle tis-
sue of cod “dies” earlier than the muscle
tissue of rosefish.

Results  were similar  when rrgrdrtP/
changes In the same iced fishes were Qete
mrne with 2 srmgoe penetrometer described

}/ Alesstorft % Used as a_measyre
%r dity of the surface layers of the fish
was he “depth of penetration of a pupch

W en a constant sprrng force was applied
gv However, Since measurements
sho high average deviations, an” Increase

ot BT O T O
3c ¥he torsqon moment. g pring 1
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of
e

30 40 50 0 hs 0
time after death

Fig. 5. Gianges ir. rigidity of the gastrocnemius muscle of beef at +5°C in dependence of
the time after slaughter.

in rrfqrdrty in each fish durrng rrgor develop- the release of sufficient Ca ' by the fibrillar
men % not cear nou%] In “this _ figure. muscle proteins. Hasselbach ™ (1957) ob-
Most of the cocl reached maximum rigor on  served that the calcium c?ntent of the strug-
the second or third day after death, and the ture protemns from muscles In rrr[ror mortis
majority of rosefish on the fourth or fitth (5 /-MIg protein) amounts to only half the
ealcrum content of the structure roterna
n well-fed and rested animals the length  from fresh muscle. Accordrng to, Howar
of the delay before rigor benrns 1S, rn our and Lawrie 1956&? reslaughter rnJectrons
opinion, determined M greal part’ b f begf with, Ca” hdstened the onset of ri or,
%rme that elagses untrI e Marsh Bgndall mortrs consrderablg and removal of the
actor become more or less rnactrvate by injection of EOTA delayed the onset of
hence the rapid phase of ATP %ea own rigor-martis, This release of Cadr followed
begins. Thrs rnactrvatron could be due to by inactivation of the relaxing factor seems
t0 be correlated with membrdne changes of
the |ber since the final signs of excit brIrty
b}/ eectrrc current drsa%peare at the pe-
nning of the rapid phase of Increasing
r |d|ty, acrdrfrcatron and ATP breakdown:
owever, In these rnvestrgatrons with fish,
the muscles of th% ead and tajl region were
not strmulated ecause of the stretch o
the animalS 1n our measuring device.
Intergretatron of the co%rrse of rrgor de-
velopment IS still_not satistactory, however,
\We have to consider that until deBIetron of
thethglycogerlr rteserve ora ﬁl-(lj Vt?rlJth bre §k4
” In the muscle tissue is reache
DX 3 Winlgeard © O 0 down of ATP and its [ 15 synthesis by the

Samm rnﬁcha”gesrb'@g”gc'grgy i rainbow trout (t;lycolytrc cycle will take place. These toun-

0o ics bl et \yprians Garplo. - Teracting processes run to the end of rigor
L(G)adns morrhu(a ) with time after' élaughter development.
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Tims the striking differences among ani-
mal species |n the course of rigor_develop-
ment might he caused by: a) Variations In
membrarie resistance a%] mst autoI% IC proc-
£SSes O rncreasrn? ||cat|on Jevia-
tions In post-mortem release of Ca * and
other ions by muscle proteins, and c) dif-
ferences rn the relation between the velogi-
tres o glyco ¥trc ATP resynt esis and Its
break own he, initial glycogen and en-
eﬁy rich nucleotrde content and the Initial

value do not explain why. €.g.. a mirror-
car normallX needs consrderabl more time
to reach maximum rigor than does beef
muscle or the pectoralls major muscle of
the chicken (Partmann. 191l

reaction on
electric
stimulation

3 4 5 6
Tage nach dem Vereisen

Fig. 7. End of reaction on electric_stimulation
in the muscles of the radii branchiostegi of cod
and rosefish [ during ice-storage.

Obviously, some work still has to he done
before the “influence on rr% development

the single tactors mentioned can be as-
sessed, But it seems to be well established
that rrﬁor mortis and muscular contraction
have the same mechanism, However, hoth
kinds of muscle actign differ consrderably
in the processes leading to their initiatio
and the amount of work produced in their
course. It is clear that manrt]/ biochemical
changes and even a part of the changes in
elasticity or hydration properties observed
in rigor muscle cannot he said to he caused
by "muscular contraction." To be consid-
ered are. amonP others, the RH decrease
caused by g|¥CO ysis and the change in on
binding to” the “muscle proteins “and the
changes in 8hosphate containing compounds
(Hamm.

RESOLUTION OF RIGOR-MORTIS

After rigor reaches maximum, the elas-
ticity vaIues stay denerally constant for some
time. Importanit tenderization will occur |n
Isolated beef muscle, but we observed onlv

small de crease in rrgrdrty valnes durrn%

the norma a Ing Fg Srmrar result
were reported” by Rate-Smith and Bendall
[g1956) for ra brt and beef muscle, and b
remery and Pool (1960 for chicken” mus-
cle (pectoralis majar).

Researchers have often attempted to dem-
onstrate that the reasop for the Increase in
tenderness 1s proteolysrs by the enzvmes of
the tissue itself. In" long-term storage of
irradiated sterrle meat and fish at hrgh tem-
perature, the trssue m%y actually so ften. as
a result of autol Ysrs ut, under the aging
conditions usually applied (low tempera
ture. limited timé, good hyprene) the
teolvtic changes are extremely small ( rer
bicki ct al.."1954: Locker. "1960; Dvorak.
1960). If proteolysis plays an important
part in normal post-mortem aging of beef
at least the number of end groups of the
structural proteins should inCrease consid-
erably during storage. But. as Locker
(1960a) found, storage appears to. cause
no_significant increase” in both myosin and
actin “endgroups.

Sometimes it has been assumed that the
changes _in tendermess brought about by
aging might he due to conversions of the
connective tissue. Steiner (1939) and later

0012 34,567 0Q 0%

Fiji. 8. Changes in muscle hardness of rosefish
(40 ‘animals) 7, and cod F47 anjmals) O during
ice-storage in dependence of the time post-mortem.



PARTMANN

Yl

Table 1. Com dparrson of tenderness of draphrarima strips ot beet (breadth ~6 cm) aged. in

loaded or unloade
with increasing notes).

state at +6°C (scale for pane

Squeezing force (kg)

scores from 1 to 10, tenderness increasing

Average values of tenderness
Panel scores on consistency

Sample Ag(i(rjrgytsifne I('kr?) ad

).

* Difference significant ? k()
icant (t..0).

** Difference highly signi

Whitaker (1959) came to. the conclusion
that changes In connective, tissue do not ap-
Bear to De closely associated with agrng
robably the mcreased h?r

teins (cause y, among others, the rncrease
i pH_in the course of auto srsLP movement
of cations, and breakdown 0T nucleotides In-

ration of

Iuence the rrpenr rTr(o meat.
But, coming back to our sIrdrnr[; filament
model; another possibility might explain

tenderness changes at least in part. It Is
known that relaXed muscles are more tender
than partly contracted muscles. (Locker
" Hence, it might e possible to gt et
a tengler meat from dissocjation of the acto
m¥osrn complex or I the association of
actin and gosrn during rrgor development
IS Impeded or partly so.” To, prove this, im-
medrately after gedth the draphragma mus-
cle of heef was drssected Strips about 6 cm
wide of one half of the drarPhra gma were
aIIowed to aqe as controls and correspond-
Ing musce strips were loaded with werqhts
and forced to age in_the stretched state
under the same ~conditions.. Organoleptic
testin and meagurementf Wwith the tender-
ometer developed by Wolodkewitsch gGrn
newald, 1957) showed. that the unloaded
muscle” strips’ were . significantly tougher
than the stretched strips after the”same Time

O co rse, the resolution of rigor mortis
IS not strictly a reversal of the évents that
Rro uce rrrgor mortis.  T00 many changes
ave occurred or are still takranr place. In
the dead tissue, changrng the whole reaction
system.  Furthermore, - the already men-
tioned small decrease’ in the modulus of

Loaded
1 2 2 ——
2 4 1 7.2+¢1.33
3 4 1
4 4 1 5.8+0.77
5 7 2 514058
6 3 2 9.3+0.75

Unloaded Loaded Unloaded
....................... 5.7£1.00 43+1.34
15.921.87%% s
........................................................... 7.0£0.71  5.4+1.32
10.921.49%% e
12.942.34** 8.3+0.58 5.5£0.58**
23.5£2.15%* 7.210.87 5.2+0.87*

elasticity in beef muscle during resolution
of rigor has been taken as an argument
against the idea of actomyosin dissociation
85 a hasic 8rocess Ieadrnq 0 tenderrzaé cin
S%aersh 1954; Bate-Smith and  Bendall

Neverthele%s there is one important fact
in favor of the theory that the actomyosrn
complex formed during rigor devel opment
becomes dissociated normally or at least
may become dissociated eaf] ly; in aged meat,
as area g RrOW other wor ers So-
Kolow, lerbicki_and Kunkle, 1954;
Wernberg and_Rose, 1960) : If completelv
aged muscle tissue of beef or fish IS care-
fully homogenized in 0.164/ KC1 solution,
a suspension of fiber fragments 15, abtained:
when ATP not exceeding 10 -4/ s added
to the reaction mixture, all the fiber frag-
ments contract _(unpublished results).

Uttr observations were recently confirmed
by Llamm (1962), who also found that the
ﬁed heef muscle tissue of certain animals
shows no contraction. _The reason for this
unusual hehavior 1 still unknown.

According. to most exFerrmental results
the assumption seems allowahle t ért the
AR e L o

uch du W |
period ; othe%wrse the frbgr ?ragments WO Pd
not contract, This view Is supported by the
findings of only small proteolytic and micro-
scopic”changes in aged muscle.  To explain
the msrgnrfrcant changes in eIastrcW durrng
the aging perjod of “muscles from warm-
blooded animals, other biochemical changes
Influencing tenderness increase nave. 0 be
considered. Surely, much work is still nec-
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essary before the whole problem of meat
ripening will he elucidated.

THAW RIGOR

After drscussron of some of the problems
connected wrt % yco Ysrs of meat af tem-
Peratures above he question arises as
0 how subzero temperatures may affect the
procelsses that Ieadf to ATP brei ktdown]c
muscle tissue 15 frozen immediately after
the death fe a warm-blooded anrm>al h
glycolytic processes slow down and become
ractically completely inhibjted at 4 _tem-
erature Jow. enough” (e ? below —30° Ct

he ATP still present af that moment will
persist. When the temperature increases
suﬁrcrently during thawrg the ATP will
he split g urck%/ under contraction of the
trssu pro ucr g the taw rrgor followed

oP loss. In musCle blocks of
wha es the rip, contarnrn? considerable
portions of roterns and salts, amounts to
about 30-40% of tissue weight ﬁBendaII
and Marsh, 1951: Sharp and Mars
Tanaka and Tanaka, 1955). The questiop
of thaw rigor I3 berng rntensrveh( Investi-
%ated since” the freezing of fish &t sea has
ecome of increasing Importance in recent
ears.
yOur own rnvestr%atrons revealed some
rnterestrng results wrc may ementroned
briefly: When strﬁ musce tissye ot
warm bIooded anr als or fish were frozen
rn r Id air no osses of IabrIe energy-rich
ﬁ ate were observed: on the™ other
and, In fish muscles the energy-rich nucleo-
tides’ noﬁ hound to Structure Rroterns were
completecy IoIrt after being thawed in arr
t +20°C. In the same time %’L rat
eath the ATP content had de eased on
y n un rozen muscle strrBs of com
abe srze kept at +10 C. .In beef muscle
str \B qérrc frozen In I(trvld air, ATP Dbreak-
n during tawranr as slower than In
frs muscle: the acce eratron of ATP break

down In the psoas muscle of heef by freez-
Ing and thawrn was abo t 5 oIP whereas
In"the Iatera 0}1 musc es of fish It was
about 50- to 200-fold

The ATP of the white muscle tissue of
carIp and rarnbow trout was spIrt at tem-
atures near 0 r? C, more
qurcklv than In unfroze muscle at +10°C.

This activation of the enzymatic ATP
breakdown at the beginning of freezrno Was
not found_in the muscle tissue of beet and
chicken. From the temperature dependence
of the rate of reaction—measured in the
ranﬁe from +20° to —8°C, starting at the

8 er temgerature—rt IS evrgent that In all

mscl es the mechanism of the ATP spit-
trnr% changes at the moment when freezing

f The trss e ber?rns A
i the freezing ra q(e the reac lon veloc-
itv of the ATP" breakdown starts to fall

k
(day™)
10

05

0.1

|
0.05 = —
0,01 S IS SN S ES—
} t ‘
] L i i
_8 4 0 +4 +8 #1216 +20
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Fig. 9. Rate-constant (k) for the ATP break-
down (taking the course of ‘a_first-order reactron)
in_the white muscles of mirror carP and
rainbow trout (o) in dependence of emperature.
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Fig. 10. Rate-constant (k) for the ATP break-
down (taking the course of 7 first-order reaction!
in the musculus extensor digitalis communis of
beef (x) and in the musculus” pectoralis major of
chickens (o) in dependence of temperature.
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quickly with decreasm% temperature. As an
example it may pe mentioned that the en-
ergy-rich nucléotides i beef, chicken, rain-
bovi trout and carp muscle were split in
10-25 days at —8°C, whereas at —24°C,
70-100% of the initia] ATP content i nor-
mally still_present after 6 months ([Iart-
mann, 1961). -
An activation of ATP sRhttl_ng similar
to that with freezing and thawing of fish
muscle and with thawing of frozen heef and
chicken muscle_ is obtained when dissected
muscle tlssug IS %round immediately after
slaugnter and stored at temperatures” higher
than 0°C: it is also well known that rough
mechanical handling of chicken before ge-
velopment of rigor-mortis accelerates tile
breakdown of energy-rich nucleotides. \Ye
have Interpreted this acceleration of the
ATP splitting—whether caused_by mechan-
ical means, By freezing, or by irradjation—
as the result” of a "blochemical injurv ef-
fect” on the tissue, or, in (ierman: “bio-
chemischer Yerletzungs,eftekt” (Partmanu,
%1 ). The reason for its occurrence seems
to be a very quick gestruction or inactiva-
tion of the relaxln?_ factor. Here again, the
actin and myosin Tilaments associate,_form-
Ing the highly active actomyosin-ATPase.
Ap arenftl thie processes lea |n(]1 fo inacti-
vation of the relaxing factor by injury pro-
ceed more quickly. and more completely in
fish muscle ‘than”in the muscles of warm-
blooded animals. _
_ This is supported by the observations that
it IS more difficult to extract pure myosin
from fish muscle than from the muscles_ of
warm-blooded animals _(Hamoir, 1955
I"and under certain conditions even impos-
3|ble2. Connell §195,8), on the o%her hand,
succéeded in extracting myosin from pre-
rigor cod muscle (1=0.3% pH = 6.5 and
5), Though he found no myosin in ex-
tracts of post-rigor muscle or in extracts
of cod muscle fiozen raﬁ)ldl%/ rerlﬁor and
then extracted d,unnﬁ thawing. The acto-
myosin fraction_ in the (Pe_ctoralls_major of
voung chicken increased in the first hours
after death, but free myosin was still pres-
ent in the 8ost-rlqor extracts (Weinberg
and Rose, 1960). Tn my opinion, these re-
sults confirm the conception given: above.

By rigor development and by freezing “in
the prerigor state” in fish miuscle g rather
complete Tormation of the actomyosin com-
plex has taken place under simultaneous
sgllttlnL% of the ATP. In “rapldIX”_ frozen
cod muscle, Inactivation of the reldxing fac-
tor is obviously relatively. quick and “com-
plete compared” with that”in" toe muscles of
warm-blooded animals. _

Inactivation of tbe relaxing factor by
freezing of the tissue Is probably not caused

destruction of the ‘relaxing factor it-
self, for the microsomes seem to"be resistant
agiaunstt re ea{%d5 9freeﬂng andt}havw]ng ,(hG,er,-
ely ef al, . Apparently, the” inhibi-
?IOX of the reIam%g fa&%r 1S nXduc_ed bfy t?we
release of Ca+ (Hamm, 1958) during freez-
Ing and thawing. _

Because of the extremely quick break-
down of ATP under commercial freezmq
conditions—even If carp and rainbow trouy
are handled carefully and frozen immedi-
ately after death as Single fish—aonly about
h?If of the initial ATP content 1s “present
arter freezing (Partmann, 1961). In rose-
fish and cod fillets carefully handled, dis-
sected, and frozen within”two hours of
death, only about 12% of the fish contained
50% or mare of the initial ATP content
after normal blast-freezing.

On the average, fillets of longer and
heavier frozen cod had higher cortents of
energy-rich P than smaller cod. Thus, It
seems that the injury effect of freezing that
leads to inhibition of the relaxing factor Is
less severe in cod that are 1 m long or more
than In cod of small and medium Size.

The expectation was confirmed by volume
and drip measurements that fish frozen un-
der normal commercial conditions imme-
diately after death would show an insig-
nificant degree of thaw contracture, because
of the low ATP content at the time of thaw-
ing. Contrary to this, the drip loss, caused
by freezer storage increased significantly
with storage time or elevated storage tem-
perature (Partmann and Gutschmidt, in
press). Buf these changes are not based
on biochemical processes; they are caused
by increasing denaturation of tbe fibrillar
muscle proteins,
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DENATURATION OF STRUCTURAL
MUSCLE PROTEINS

Dénaturation _of protein was measured
by the extractabilitv of the actomlyosm frac-
tion (extractlon a ent was a SolU tlon con
tammg} 0.84/ KC 0.034/ NaHCO
after the albumin fractlon has been removed
from the tissue. In cod and rosefish no sig-
nificant difference has been observed in the
extractabilitv of the actom osin fraction if
the time between death and freezing was
ta en mt% consideration : the flshes were
rozen et er within 2 hr’of death or after
havmd reached rigor maximum or after the
resolution or rigor-mortis during ice stora
The results Wtire the same with both fi
filets and whole fish.

As extttected the extractablllty of the struc-
ture proteins of roserish and tod decreased
at higher storage temperatures and with
advancing storage time during freezer stor-
alg Quantitatively, the differences between
fiie two fish speciés have been considerable,
Especially, at. temperatures below —0°C
the decrease in extractable structure pro
teins was considerably smaller in rosefish
than |n cod, although at these low tempera-
tures the changes I cod muscle were not
as large as oné might expect from evalua-
tion of the consistency by our faste panel
These results ( I'artmann and %IUISChmId

Press are in a gement with those r
por er_and co-workers 814563
and Luupen Y

In recent years |t has_become more and
more ewde that the msolublllt of the
structurﬁ Tsce grotelns does ot%
ways snow a close Correlation wit te
toughness of frozen fish as evaluated
organoleptic tests. We hoped to provide a
measure of denaturation by estimating the
loss n ATPase activity during freezer stor-
\/9 Hut |n tenc é inea vulyaris Cuv.)
e found no loss of activity during 3 months
at —18 C. Furthermore,” no _10Ss in cop-
tr%ctablllt after addltlon of ATP to muscle
fioer syspensions nad occurred In. fresh-
water fisn and_ rosefish_dquring this tlme
(Partmann, 195 Ab: 1958 ). _On the other
and, at —3.5'C loss of ATPase actlvmg
and contractability was_considerable in
months (Partmann, 1957). These results

on ATPa?e act|V|t were recently confirmed
}/ Connell on cod; It may be cqn-
cu ded from hIS work that, at he point
where the protein becomes almost com-
pletely insoluble, about half of the original
ATPase act|V|t}/ Is still present.  The “con-
tradictory results mentioned, and the un-
ex ected finding that there |s no large
ﬁne I either * gasl ny reactable of tofal
sulthydrylgroups urlg rolonged reezer
storage of Cod (Connell” 1960), reveal that
con3| er%be work  has to be done " before
the mechanism and sué;nl icance of protein
depaturatimi during fréezer storage of fish
will become elucidated.

Evidently, maintenance. of the abiliti' to
contract after ATP. addltlon implies that
the actin and myosin |aments ay ass0-
ciate and hence "are not subject to %reat
structural changes by the freezing and thaw-

g procedure. "From these facts"and micro-
SCOrPIC observations we feel that the conce
flons ea|n with gross structural changes
In normally
muscle tissue” sometimes found In the lit-
erature will be corrected in the future.

FREEZER BURN

The above does not mean that no histo-
lo glcal changes can he observed in the re-
% ns of muscle tissye where freezer burn
ccurred, In such damaged surface areas
of rosefish and chicken, " structural differ-
ences have been great, obviously largely

aged and In frozen and thawed

Fig. 11, Fmerfmgmenm from me neuerbum
3{%ﬁ% of rosefish hefore and after the addition of
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f the muscle tissue

Fig. 12. Freezer burn ar
of a"bare after thawing.

depending. on the process of dehydration,

Microscopic examrnatrons revealed  that

%ores have been formed by .sublimated ice.
hey may he seen as charinels between the

frbers netrating the fibers, or causing a

ateral xcavatron or shnnka e of the frbers
arent igher te degree of Ice
rmatron te |g(‘h

te |er membranés Partmann,

The best- Rreserved iber fra?ments from
this region showed, on the addjtion of ATP,
still slrg ht contraction and a large increage
In fiber diameter. Fibers from strfaces with

er is the s rrnka%e of

the mentroned %eat strugtural changes re-
acted neither wi shortenrn?_ nor with swell-
rng on ad ition,_ of ig. 11) gPart
mann, 19550; 1959). The sweIIrng f the
less damaged” fibers ‘on addition of the nu-
cleotide 1" apparently caused. by a loss of
ATPase activity and a_ deficiericy in asso-
ciation of the Actin and m}/osrn filaments;
since the ATP present will he sp lit ver
slowlr_/ it acts as a 8Iastrcrzer (Engelhardt
aru rmova causrn? an increase
rafion | amm 1 956). n the heavily
dama ed frbers the structure proterns are
H ousA%/ altered in such a waly that the
TP has_neither 1ts cont actrnq nor
Its plasticizing effect on the fibyrillar gro eins,
NevertheleSs, electron mrcro [
fiber sections from the freezer b urn area of
the muscle tissue of hares (Fig. 12) showed
that the firils have scarcely changed their
original orientation. Even”the pattern of
cross-striation. although a hit disjntegrated,
I5 not lost. Chan?es have taken place’n the
microstructure of the endonlasmatrc reticu-
lum, the sarcosomes. and the filaments of
the flrhrrllar proteins (Fig. 13) (unpublished
results
It js"well known that both freezer bumn
and freeze-drying are caused by ice sub-

g' 13. Boundary of a muscle fiber from the freezer burn area of a bare Preparatron and

magnrfrcatron as in Fig. 1
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limation, It is not easy to_understand why
freezer burn produces a high degree of jr-
rever5|b|I|ty Whereas freeze -rying. normaIIy
yields a product with highly reversi Ie chai-
acteristics, We believe at the highly dif-
fering periods durmg which a crtttcal Water
contént is passed in both processes |s re-
sitonsmle for te quality ‘changes  taking-
place In the. pro uct In carp muscle suc

a broad minimum of Stablllt%/ seems to he in
the range of 3 water conten ( Lart -
mann Nemitz. 1959). AIthou thts
water content s _passed re attvely uickl
during freeze-drying at low temper ture
it may remain for a verzl lon 9 tlme urin
freez rbum dfveIoPmen Bu this ro Ie
also needs still more experimental
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microcephalus), and Plaice (Pleuronectes platessa)

BI'XG-ORX KASSEMSARN," B. SANZ PEREZ" J. MURRAY,

and X

R. JOXES

Tony Research Station, Aberdeen. Scotland

(Manuscript received June 11 1%2)

SUMMARY

The muscle of trawl-caught haddock, lemon sole, and plaice contained
little adenosine 5'-triphosphate (ATP) and much inosine 5-monophosphate

(IMP) at death.

ATP, adenosine 5-diphosphate (ADP),
monophosphate (AMP) changed rapidly after the fish died.

and adenosine 5-
IMP was lost

from the muscle more slowly, with liberation of inosine, which was, in turn,

degraded to hypoxanthine.

A little adenine was formed by an alternative

pathway of ATP degradation in lemon sole. A relatively high initial level of
guanine was found in plaice muscle. Traces of xanthine were detectable in
spoiling muscle from the three species. Implications of the findings are dis-
cussed in relation to quality testing and flavor changes in iced fish.

Adenosine 5'-triphosphate (ATP), con-
centrations of flesh foods have been’ of in-
terest for many years in relation to the rrpor
phenomenon, Wwith its attendant difficulties
I handlin and processing.
ance of ATI’ from fish muscle has usuall
been foIIowed by the estimation of acid-
|abile_phosphate Or that of phosphate after
the fractionation of extracts with bariym
eg arr, 1950; Eujimaki and Kojb,
1953: Xoguchr and Yamamoto, 1955 Part
niann. 1960: Tomlinson ct al.. 1961; Fraser
ot al. 1961 Xakano. 1961). Such
dures to folfow nucleatide degradation have
been extended to use beyond the immediate
post-rigor Eerrod Thus “Golovkin and Per-
shina (19
phorus In fish muscle stored up to 10 das
O e ol oS epponained 2

su ucleoti S -
tion In chill-stored cod muscle bg %epbar um
fractionation of extracts and ribose estrma-
tion. Sawant and Magar (1961) recently
reported analogous charges In frozen fish,

“F.A.0. Fellow, from the Technological Lab-
oratory, Department of Fisheries, Bangkok, Thai-
land.

"British Council Scholar, from the Facultad do
\ eterinaria, L'niversidad de Zaragoza, Spain.

The disappear-

proce-

% estimated acid-labile phos-

It has become mcreasrng Oly apparent that
the products of ATP degradation also merit
the attention of the food screntrst Solov'eva
1952) suggested that breakdown products
of nucleotidés contributed to the taste and
aroma of ripened meat. The preparatron
and use of inogine S-mono hosp] ate’ (IM Pg
salt as a condiment has been the subject of
aJaganese atent (Yoshida and Ka%eyama
1951) Qishi et al. (1959). related the’ qual-
ity of “katsuwo- bushr bonito) to the
concentration of IMP. ~ Saito (1960) and
lones (1960a) revrewed nucleotide degrada-
tion |n reIatron to fish flavor and tech oIo%y
generally. Wood Fl%l) commented on t

meaty" flavor of IMP n relation to a study
on ox-muscle extracts. Doty ct al. (1961
implicated IMP and |ts immediate degrada-
tion products In the flavor precursrng com-
plex of beef. Kazeniac, 9612 indicated
hat IMP “makes a major contribution to
mouth  satisfaction, intensifying the flavor
effects of other compounds” In relation to
chicken flavor, and that hypoxanthine and
Inosine are bitter. Jones F1961) showed
that much of the loss of sweet, meaty flavor
durrnq the early chill storage of cod results
from the disappearance of glucose, the hex-
ose phosphates, and IMP from the muscle;

—

(dried
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a Bro ressive increase in hitterness is atribu-
table o hypoxanthine liberated from IMP.
Recent chromatographlc and electropho-
retic studies have accumulated a few data
on the course of mononucleotide degradation
In fish species (Jones and Murray, 1957,
1960 19 1ab 1962; Saito and Ara| 1957
urra and Jones, 1958; Saito ct
59 Tomiinson ang Cree man 1960:
Creelman and Tomlinson, 1960). Together
with analytical |nvest|gat|ons on' changes in
ribose - concentration  (e.q., Tarr, "1954
Jones, Tarr and Ceroux, 1962a b)
and In that of ribose %hosphates pOS- mortem
(Burt and Jones, Burt Tarr
and Leroux, 19622, b), they have clarifjed
the origins of the Important pentose partici-
pants in discoloration reactions producm%
off-flavor n_processed fish and_ shellfis
muscle (e.q., Tarr, 1953 ; Jones, 1959: Xaga-
sawa, 1960: Nagayama, 1960)

The “estimation "of nucleotide cataholites
lias provided the basis of new indices of fish
quality, Shewan and Jongs (1957) estimated
a combined inosine + ribose fraction as a
measure of earl autoI}/tlc change, whereas
Saito ct al. (1959a) estimated an analogous
dephosphorylation of IMP from the com-
bined inosine + hypoxanthine concentration.
|t has been pointed out, however, that ex-
Penence In this laboratory has indicated that
he estlmatlon of hypoxanthine alone may
prow e a better index (Reav, 1960; Jones
90b? Earlier, Soloveva (1952) studied
severa chemical changes i meat and found
a relation, malntamed over a wide range of
storage temperatures, between ripening, as

hu ed by fasting tests, and the formation of
vpoxanthine from nucleotldes More re-
cently, Howard ct al. supported

Solov'eva’s claim of corre atlon between the
tenderness of meat and its hvpoxanthine
con entration.

This paper presents data on nucleotide
degradation In a_further three species. It
discusses the implications of dififering courses
of catabolism.

MATERIALS AND METHODS

Haddock (14-18 in.), lemon soles (13-16 in.),
and plaice (12-14 in.) were caught by trawl by
the Station's research vessel. They were eviscer-
ated, stored in ice in boxes in the fish room, and
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landed within 24 hr. The boxes were transferred
ashore to a refrigerated room simulating condi-
tions in an average trawler's fish room (2.5°C)
and re-iced periodically. Control lemon sole were
taken from the “cod-end" of the trawl and im-
mersed immediately in liquid nitrogen. They were
transferred ashore in solid carbon dioxide and
extracted immediately for analysis. Owing to
adverse weather conditions, controls for the other
s(?ecies were frozen directly in solid carbon diox-
ide

Reference nucleotides, inosine, purines, and py-
rimidines. These were purchased (Sigma Chemi-
cal Co.. St. Louis. Mo.; L. Light and Co. Ltd.,
Colnbrook, Bucks.).

Preparation of muscle extracts. lced fish were
filleted immediately on withdrawal from storage.
Muscle from the anterio-dorsal portion of the
fillet was extracted with 0.6.Y perchloric acid as
described previously (Jones and Murray, 1961a).
Control samples were not allowed to thaw before
extraction. Aliquots of neutralized extracts from
individual fish of batches were combined to obtain
mean analyses. _

Nucleotide separation. Two procedures were
used, a) Extract (pH 6.5, equivalent to 10 g
muscle) was passed through a column (18.2 x 1.3
cm) of Dowex 1 x 8 (formate) resin (200-400-
mesh) refrigerated to 3+1°C. The column was
washed with water until E » <0.01. Effluent
and washings were retained (Fraction A) for the
analysis of bases and nucleoside. Nucleotides re-
tained by the column were eluted with formate
according to the program illustrated in Fig. 1
This three-stage, stepwise, non-linear gradient
separation is a simplification of that developed
by Hurlbert ct al. (1954). Elution of nucleotides
was monitored automatically by passage through
a L'vicord ultraviolet absorptiometer (L.K.B.
Produkter. Stockholm ) synchronized to a fraction
collector. Separated peaks were identified as re-
ported previously (Jones and Murray, 1960).

b) Extract (pH 6.5, equivalent to 1L g muscle)
was passed through a column (40 x 1.6 cm) of
Dowex 1 x 8 (chloride) resin (200-400-mesh)
refrigerated to 3£1°C, and the column was washed
as above. Nucleotides were eluted by a single
non-linear gradient of 0.34.1/ potassium chloride,
containing 0.068.Y hydrochloric acid, into a con-
stant 1000-ml volume of, initially, water. Nico-
tinamide adenine dinucleotide (NAD) and adeno-
sine 5-monophosphate (AMP) were eluted to-
gether under these conditions. Adenosine 5'-di-
phosphatc (ADP) and IMP were eluted in
reverse order as compared with the formate sepa-
ration. ATP was eluted last.
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Estimation of AMP, ADP, ATP, and IMP.
Fractions of individual peaks were combined and

evaluated spectrophotometrically (Jones and Mur-

ra)E 1960).
stimation of NAD. Combined fractions of the
peak were evaluated spectrophotometrically in
the presence of LY cyanide (Ciotti and Kaplan,
1957).

Se%)a_ration and estimation of free bases and
nucleoside. A procedure developed for cod muscle

(Jones, 1960b) was followed except that no ini-

tial nucleotide removing stage was required for
effluents retained under procedure (a) above. A
typical separation of a Fraction A s illustrated
in Fig. 2. ]

Confirmation of the presence of xanthine and

xanthosing. Fractions adjacent to inosine in the
base separation (above), suspected of containing
traces of these compounds, were subjected to ad-
sorption onto charcoal, eluted with ammoniacal
aqueous ethanol, and partitioned with chloroform
(Jones and Murray, 1960). The resulting aqueous
extract was lyophilized, taken up in 500 gl water,
and chromatographed on acid-washed Whatman
Xo. 1 paper in the solvents recommended by W yatt
(1955) for purines. After drying, papers that had
not been in contact with a solvent containing the
acid were sprayed lightly with 1V HCL and dried
carefully. They were irradiated under a Giromato-
lite lamp (Hanovia, Slough, Bucks.) for 30 min,
by which time intensely ultraviolet-absorbing
brown spots appeared in the presence of xanthine
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o 1 1 | J
0 40 80 120 160
Fraction number (11 ml. fractions)
2NFA| 4NF AL 4NF.A CONTAINING 0.6M Am.F.
[
MIXING VOLUME = 500ml. MIXING VOLUME = 250ml.

. Fig. 1 Separation of nucleotides from fresh plaice muscle on Dowex 1 x 8
iFormic acid, F.A.; ammonium formate, Am.F.)

(formate),
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or xantliosine. ~ This procedure is considerably
more sensitive for detecting xanthine-containing
compounds than the conventional visual examina-
tion of papers in ultraviolet light.

RESULTS

Figs. a 4, and 5 illustrate the patterns of nucleo-
tide degradation in the haddock, lemon sole, and
pkiice. The muscles of all three species had low
initial ATP concentrations and high IMP. IMP
disappeared from the muscle of plaice within 11
days, and more slowly in lemon sole. A transient
increase in concentration preceded loss of IMP
from haddock muscle. After rapid initial changes
in adenine nucleotide concentration, low, rela-
tively stable values were observed. Resolution
between ADP and IMP was poor in Dowex 1 X 8
(chloride! separations of muscle extracts from
haddock stored in ice for 3. 7, and 20 days. These
extracts were separated for analysis on Dowex
1 X 8 (formate).

Ibe course of IMP catabolism varied consid-
erably with species. In haddock, the concentration
of inosine increased for about 10 days and then
fell. That of hypoxanthine increased from death,
but more rapidly after 10 days, to a peak at 17
days. Traces of guanine were detectable through-
out chill storage. Xantliosine and xanthine were
also detectable after 14 days.

Inosine was present only in traces throughout
21 days' chill storage of lemon sole. Hypoxan-
thine increased to peak concentration at 12-14
days. Traces of guanine were detectable through-
out chill storage, and of adenine up to 2 days.
Xanthine was detectable at 12 and 23 days.

In plaice, maximum concentrations of inosine
were measured at 7 days, and of hypoxanthine at
14 days. Guanine was measured in quantity dur-
ing early chill storage. Xanthine and xantliosine
were detected in traces (<0.1 gmole/g) after
14 days.

2.0 r- Vﬁ
1.5
Inosine
°
Q
£
<
B
S 1.0
8 Hypoxanthine
™
bl
7
S 0.5 F
Guanine
Uracil
N— — ! ]
0 25 50 75 100
Fraction number (5ml. fractions)

Fig. 2. Separation of bases and nucleoside from plaice muscle (5 (lavs iced) on Dowex

1 X 8 (chloride).
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DISCUSSION

Figure 6 illustrates a schematic course of
the major pathways of ATP degradation in
fish muscle (see below)

The low ATP values measured in_ the
control fish of the three species are of the
same order as those observed In trawl-
caught cod (Jones and Murray, 1957,
1961a) and they supplement data”on acid-
labile phosphorus contents, etc., of exhausted
fish ag determined by workers to whom we
refer in the introductory section. The high

P concentrations at “Geath resulted from
the dephosphorylation and deamination of
ATP during thé strugol

Loss of TMP from’ the muscle of trawled
plaice dyring chrII storage proceeded at a
rate similar”to that observed In |ced cod
(Murra% and Jones 1958 Jones and

but more raﬁrdh{ than
those in Iemon soe and haddoc was
consrderably slower than that from iced
trawl- cau%h grrng salmon QCreeIman ang
Tomlinson, 1960 ) and from the red lateral
muscle of rarnbow trout stored at 0° (Saito
ct al, . In haddock, the small initial
transient increase n IMP  congentration
corresponded to the much larger initial in-
creases recorded for rested cod (Jones and
Murray, 1961a) and the dorsal muscle of
rainbow trout (Saito ct al.. 1959h). Analo-
gous small changes, corresponding to initial

8 4r-

0 10 20
Days in ice

Kip. 3. Nucleotide degradatron in rced haddock
muscle ATP, A; AMP.
7 D IMP. A: 'inosine, 1 : hvpoxanthine, X Pornts
are mean values for 6 fish.

conversions of adenine nucleotide, may have
occurred between our first and seconq meas-
urlements on trawled cod. plaice, and lemon
sole

ln | = -
8 16 24

Fig. 4. Nucleotide de radatron in_iced lemon
soIemuscIe ATP, A; AMP, O: NAD,

[ A inosine, | hvpoxanthrne X. Points
areh)mean values for ‘6 fish except at 23 days (4
is

After taking into account "pack reaction,"
which 15 possible where, low ribosidase activ-
ities allow a build- uo In Inosine concentra-
tion, It 1§ apparent that 5-micleotidase ac-
trvrt)( varies considerably Wrth specres Even
greaer variations occur the rates
f cleavage of inosine by muscle ribo-
side_hydrolases and i)hosphorylases Tarr,
1955 1958a). Creelman and Tomlinson

1960) have demonstrated the very small
losses of | |n0f|ne durrn? the earl chrII storage
of spring salmon. Out present’ investigation
mdrcates an extremely rarfrd turnover of
the nucleoside in lemon sole: hg'ooxant ing
Increased In concentration rapidly whereas
onI traces of Inosine were “detectable
trou? out the exPerrment Intermediate
activi es have been Ported of other species
examined to date (Saitq ct al.. 1959b; Creel-
man and Tomlinson, 1960 : Jones and Mur-

2
Eventua)lly, the hypoxanthrne produced Dy

Ehos pharol srs] dronsrs o inosine
|sa 0 ostfro the muscle. “In cod (Jones
and Murray, 1962) and haddock, net loss

was_observed after the muscle had become
inedible (—L5-16 days ){) but concentrations
of the purine fell a little before this point in
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lemon sole and plaice. Our detection of
traces of xanthine during advanced spoilage
Indicates that hypoxanthine is lost bv bac-
terial oxidation.” Experiments on. relative
rates of disappearance of the purine from
cod muscle sugpensmns incubated 1n the
presence and absence of known species of
spoilage mlcroo_rqanlsms (Avery' ot al.
1962)" substantiate this view. _Leachln?
also results in some loss of constituents o
low molecular weight from iced fish muscle.

225 -

4 2

u Moles/g

20 |
24 0 8 16 24
Days in ice

Fi%. 5 Xucleotide degradation in iced plaice
muscle, ATP, A; ADP, «: AMP, 0: XAD,
0 ; IMP, A: inosine, 1 : hypoxanthing, X:
Points are mean values tor 3 fish.

guanine, f).

The rate of hypoxanthine liberation in
adoids (which have a low rihosidase ac-
ity in the fresh muscle relative to that of
Plerironcctes Species, as indicated above bv
the analyses)  increased considerable dur-
Ing.the peridd of the proliferation_of the
spoilage microflora (e.g.,.Reay and. Shewan
1949)" In"this relation it _seems significant
that ‘data on Oncorhyncliits tschawvtscha
(Creelman ‘and Tomlinson, 1960), which
lacks initial rihosidase actlvney, Indicate an
Increase In concentration between the 6th ang
10th days of chill storage, The, appear?n_ce
0 sqnl icant quantities of rquanme_ln plaice
muscle, but not In that of other species stored
at 0°, 1s of interest. This gurme appears, in
larger guantities (e.g., 0.88 /nnolelg after
62 weeks at —L4°) in the muscle of frozen
cod (Jones and Murray, 191h) but has
been. detected only occasionally 1 iced cod
In hlyg/I concentration_(Jones, “1960b; Jones
and Murray, 1962). T eon?m of this com-
pound 15 Uncertain. Equivalent concentra-
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tions of guanine nucleotide or nucleoside are
not found In the fresh material, and. the
presence of free pyrimidines. or pyrimidine
nucleotides in quantities indicativé of con-
siderable nucleic acid degradation in the
stored material (vide Tarr,”19580 ), has heen
observed In no species examined In this
laboratory to date. It seems reasonable to
sugpose rom analogous mammalian systems
that the ?uanme derjves from hyBoxanthlne
by oxidation and animation passibly involv-
INg a rapid turnover of guangsine 5™triphos-
phate. We have indications from our recent
work on cod that there are seasonal varia-
tions in the Incidence of the enzymic mecha-
nism of guanine biosynthesis " muscle.

The presence of adening in fresh lemon
sole muscle was unusual also. Although, the
purine, was measured In trace concentrations
only, it indicates that over-all deamination
occurs at a slower rate in this species than
in the others examined to_ date.

Analytical studies b{/ldlfferent 9%roups of
workers (gones and urrary, 1957, 1960.
9%1ab, 192; Saito and Aral. 1957, 1958-
ab; Saito ct al., 19590 Murray and Jones,
1958: Tomlinson and Creelman. 1960 : Creel-
man and Tomlinson, 1960; Sawant and Ma-
%ar. 1961 Present _aperg on nu?_leotld_es ang
ases, similar studies on the liberation of
ribose and ribose phosphates (Tarr, 1954;
Jones, 1958: Burt and Jones, 1961; Burt,
191 ). and a number of enzymic investiga-
tions "(Tary, 1954, 1955, 19583, b : Jones dnd
Murray, 196%a; Martin and Tarr. 1961
[ones,” 1962a; Tarr and Leroux. 1962a)
support the pathwaly,s of nucleotide degrada-
tion postulated in Fig. 6. This represents a
curtallment of the “scheme proposed by
Shewan and Jones (1957) in that it Is now
apparent that a suggested additional path-
way to IMP via “inosing 5-triphosphate,
such as occurs in mammalian tissue  (Ben-
dall and Dave%/, 1957), 1s of little impor-
tance. Current eviderice enables additions
to the original scheme be¥ond hypoxanthine
and ribosé 1-phosphate. 1t differs from the
recent partial scheme of Sawant and Maﬂar
(1961 ) [which_is essentially similar to that
proposed by Saito and Arai” (1957 )] in that
It IndicateS the importance of myokinase
action on ADP rather than direct "dephos-
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phor?/Iation_to_AMP. It also_indicates a
small, contribution 0 the IMP pool from
nicotinamide adenine dinucleotide via adeno-
sine 5-diphosphate ribose. (Jones, 1962b)h

It is now_clear that the free ribose of fig
muscle_ derives predommantl¥ from ATP
(vide Shewan and Tones, 1957) rather than
ribonucleic_acid (Tarr, 1958h). The recent
reports of Tarr and Leroux (1962a, b) con-
firmed the findings of a number of rou_P_s
In this respect, but questioned the identifi-
catjon of ribose 1-phosphate in_ chill-stored
cod (Burt and Jones, 1961 Burt, 1961).
The_procedure of ion-exchange sgparation
on Dowex 1 columns followed by Tarr and
Leroux was essentially a modification of
that employed |n this laboratory, ang it seems
unlikely triat discrepancies derive from this
source.” Rather, some difference in technique
during the preBaratlon and neutralization' of
extraCts may be respopsible. Dr. Burt re-
covered sorme 90% of ribose 1-phosphate
added to muscle before extraction; this com-
ares favorably with 0-22% (Tarr and
18{5%)( 1962a) or 0% (Tarr and Leroux,

Tarr and Leroux (1962a) suglgested fur-
ther that the presence of ribose T-phosphate
n r%uantlt was unlikely since the e?umb-
rum of hosRhorlbom tase action favors
ribose 5-phosphate.  Such a situation would
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Fig. 6. Pathways of degradation of ATP in fish muscle.

et Nifg,iP

ATP (A TPmuie) 0 (AD=c <)
iP
i /\~.\'ICOT:\'A\VUW
ADP ADP-RIBCSE
(myokinase) / 2)
ANP 5" —nucleotidas
i

be expected to apply only where the effective
concentration and “activity of enzyme was
such as to convert immediately any 1-phos-
Phate formed (from inosine)” in excess of
he equilibrium level. Otherwise, both phos-
Phates would increase in copcenfration, with
he 1-phosphate predominating if Its produc-
tion were rapid enough. On“the failure of
the supply of the precursor, inosine, the rel-
ative _proportion of 5-phosphate would pro-
gresswelx increase and it would_ultimately
exceed that of the 1-phosphate. This is the
situation demonstrated in chill-stored cod b
Burt and Jones El%l)‘. Similar situations
with respect to other cataolites are reported
In the Brese_nt paper. Tarr and Leroux
(19623, b) did not extend their studies on
intact chill-stored fish be(y)ond 2 lingcod

respectivelv held for 3 and. 6 days at 0°
he effects of the multlpI|C|t¥ of factors
affectmq_ the over-all course of nucleotide
degradation in different species are reflected
both In the rates of change of catabolite con-
centrations and in the peak concentrations.
This may he of some significance to Species
variations in flavor. We pointed out in the
Introductorv section that IMP and its catab-
olites have characteristic flavorous attributes
the nucleotide itself having the additional
the” flavor of other

property of enhancm% ]
compounds. A loss of this compound (some-

PENTOSE PHOSPHATE CYCLE?

RIBOSE = \MICROBIAL
OXIDATION

_ - HYPOXANTHINE

(Broken lines indicate routes of

minor importance. i P =inorganic phosphate. Named enzymes have been studied directly. ? indicates

speculative pathway.)
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times preceded by a transient rise consequent
on adenine_nucleotide degradation) has been
found congistently during early chill storage,
with specific variations ‘In rate. This 15
accord’ with a general thesis that loss of
flavor during the earlg chill stor?\%e of fish Is
attributable ‘I part to loss of IMP (Jones

1). Recent organoleptic assessment_of
sterile cod muscle Stored at 0° in this Sta-
tion has also correlated well with the course
of autolytic nucleotide degradation (Cann
et al, 1962) in hoth the Tisappearance of
initial flavor and the appearance of bitter-
ness deriving from hypoxanthine liberation.
Thus we have a newexperimental basis for
early postulates (e.g., Fieger and Frilouy,
1954) "that tissue " aditolysis is implicated in
the early loss of flavor from sea foods. From
the variations in the rates of IMP degrada-
tion it may also be postulated that off-flavor,
resulting Trom ribose-amino reactions dur-
ing the Canning, dehydration and subsequent
storage of reasonably fresh fish, may also he
%pe%tce_d to vary considerably from species

Species.

LConsideration of the earlier para[qra hs of
this discussion allows a reappraisal of qual-
Ity tests based on nucleotioe _breakdown in
fish (Shewan and Jones, 1957 Saito ct at.
1959a). Both types of test reported upon to
dﬁte Measure essentlallx the ‘Initial dephos-
phorylation of IMP. Insofar as t e}/ eter-
ming directly the loss of an important flavor-
ous constituent from the fresh flesh, and give
a measure_of stora%e time also, they “are
double useful. They have the advantagé over
currently availaple tests based solely on bac-
terial activity in that they are maximall
sensitive at @ period when Procedur,es Suc
as the estimation of trimethviamine Iglve only
the informatjon that active microbial” spoilage
Is not In train. Reasonably precise informa-
tion of the storagle hI,StOf){ within this perjod
would be a usefu adgunc to the preparation
of frozen fish of good quality ashore (rf.
Reav et ai. 1950). Howevef, for general
use, thev must be considered as comple-
mentary to tests based_on microbial activity
In that” dephosphorylation Is_often complete
well within the period of edibility. <lbviously
there is a requwement_ for a test measuring
both loss of flavor during early chill storage
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and the apPearance of an off-flavor deriving
partly, at’ least, from bacterial action later:
It was indicated earlier from this laboratory
(Jones. 19603, b; Reav, 1910) that the dé-
termination of hypoxanthine, deriving from
IMP, meets these requirements for & num-
ber .of species. Rapid procedures have been
devised for the measurement of the puripe
In fish muscle, and their evaluation ‘is the

subject of a report in preparation,
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SUMMARY

A study of the effects of freezing and thawing on egg yolk showed that
there was a rapid increase in viscosity (25°C) during the first few hours of

storage at —10° and —14°C.

The effectiveness of sucrose and of sodium

chloride as inhibitors was determined, and the influence of urea on the viscosity
of native and of frozen and thawed yolk was investigated. Paper electrophoresis
indicated that freezing and thawing caused electrophoretic changes of the yolk

lipoproteins.

During the freezing and thawing of
Yolk an irreversible aIteratron rn qurd]y
akes a] (Romanoff and Romanof
1949), 5o enomenon is termed gelation.
Moran 192 rndrcate that yolk tempera-
ture must |e below — °C hefore gelatlron
occurs.  This: critical temperature S below
the freezing point. —0.65°C for the yolk.
However, re[qardless of temPerature Ice
Cr st% formation, In contrast to suPerco |-
Ing. nas been reported to he a requisite for

elation (Moran, 1924
Storﬁge time and ra of thawrng influ-
ence the degree of qe lation. “Moran
(1924) stated that the pastiness of thawed

yolk rn whole e?s frozen at —11°C in-

crease in fropo on to time of storage u
tg about 2 Pearce and Lavers (1949
ohserved that the viscosity of frozen
% 18° zan tawed oIk rncreasedu fo
the eignth montk ora under ce tgrn
condrtrons I rozenr liquid air De-
comes pasty_upon thawing at room temr())er-
ature, but " if thawed in “mercury at 30°C
reverts com ete¥ to Ifs normal fluidi

Moran 1 4), Pearce and Lavers (1949
owe 'that an rncrease In thawing _ time
etw en o(ots and 24 hr rncreases the Viscos-
rtyo yolk frozen at —12°

“Department of Dairy and Food Industries,
University of Wisconsin, Madison, Wisconsin.

bDepartment of Chemistry, University of Massa-
chusetts, Amherst, Massachusetts.

cDepartment of Horticulture, Virginia Agricul-
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Investigations_ have indicated that yolk
gelation can he inhibited by mechanical ‘and
chemical treatment of yolk before freezrnq
Pearce and Lavers g1949) and Lopez ct d
(1954). found that homogenization and col-
loid milling of native yolk minimized gela-
tion to some extent.” The first reported
chemical mhrbrtor of gelation was sucrose
(Moran, 1925): in te presence of 10U
SUCTose, dmk Upon freezing and thawing,
showed o appreciable change I fluidity.
()ther “sugars, as well as sodium chloride
and glveerol, have been reported to rnhrbrt
elation (Thomas and Bailey, 1933 Lesser,
sl?er18 (1L90 26)Z \Cr\tragl r%%?é” gn 1tes’nt r%nesa
method of rnhrbrtrﬂg geFatron p%y treatrng
natrve egq yolk with™ some. types “of proteo
%trc enzymes. An extensrve stud}/

[lity of Various types or enzymes 0 Inhi |t
%elatron Was reportedb Lopez ctal. (f 95)

apain was found to be the most satisfactor
enzyme from the standpoint of hoth inhibi-
tiori of gelation and lack of off-flavor de-
velopment.

Very few investigations haye. been di-
rected” toward study”of the gelation mech-
anism.  Moran (1925) suggested that salts
of yolk become concentrated ttem erature
befow  —6°C,  whereupon the 1Ir eversr
recipitation of Iecrtho vitellin takes place,

he ﬁresence of lecith |n In fa ﬁter extrﬁct
of gelled yolk was the basis ort Kpot
sis"of Urbain_and_ Miller ( 3 a %
coagulation of lecithin was resp nsib
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elation. Evidence accrued v Fevold and
austen (19462 indicated_ that lipovitellenip,
a highly solubl Irﬁoprotern fraction of yolk.
was “Involved  in the gel formation ofx
Enzymic studies have stren thened the t esrs

that™ l1po roterns are impl a’je in th e
tion 0 eqy . Feeney ct al. (1954) rom
studies With” crotoxin-treated yolk, concluded

that gelation is related 0 changes mvoIvrng

roterns Those investigators observe
that Iecrthrnaée a rfed to o? efore ?reez-

% revente ?e atron udies on t he In-
hibition  of ? ation a/ some groteo ytic
enzymes (Tressler, 193 ¢t “al.

1955) are consisfent wrth the Irpoprotern-

gelatron relationship.

Ihe broad pu gose of this study was to
obtain more bas| knoweq
tion and its inhibition. Al PUb Ishe
?earch on the increase in gearon dunnﬁ
reezer storage has been conducted . wit

large ?uantrtres of yolk and no considera-

tion of uniform heat removal. Moreover,
the rate of viscosity change during the earl
stages of gelation” has fot heen” reported.
Consequently, experimentation was under-
taken {0 obfain quantitative data on the rate
of apﬁarent viscosity increase of yolk frozen
for ‘'snort periods &t various temperatures,
In aII cases the heat energy was removed
unif ormg from yolk samplés. Furthermore,
since th
tion during the_freezin thawrn
not been examrned extensive [y
experiments were conducted to
Information thaé would
for more detailed investigations on the
pritein-gelation  relationship.

EXPERIMENTAL METHODS

Materials. Hen eggs, infertile and not more
than 24 hr old. were used either immediately or
stored at about 5°C for no longer than 12 hr.

Liquid yolk was prepared according to the fol-
lowing procedure. Kach yolk was removed from
the albumen, carefully washed in cold water to
remove the traces of albumen, and dried by roll-
ing on absorbent paper towels. After the ehalazae
were removed, the vitelline membrane of each yolk
was broken and the liquid squeezed out. The yolk
was mixed slowly and thoroughly to provide a
homogeneous mass without excessive incorpora-
tion of air hubbles.

Freezing of yolk. A method was devised to
freeze yolk samples uniformly and rapidly. Rec-

rocess has
re iminary
btain some
serve as a lfasrs

Ipo-

e on yolk eIa-

mechanrsm of Irpoprotern altera-

tangular tin-coated metal pans S.I-JxS-J in. and
*4 in. deep were used as containers. A copper-
constantan thermocouple was located about 1/16 in.
from the bottom at the center of each pan. After
40 g of yolk were spread evenly on the bottom
of each pan to form a thin layer, polyethylene film
was stretched across the top to prevent moisture
loss. l'ans, with egg yolk, were placed on metal
shelves in a temperature-controlled air-blast
freezer, and the temperature of the yolk in each
pan was recorded by a Brown electronic poten-
tiometer. After the desired holding temperature
was reached, temperature fluctuations of the yolk
samples were less than 0.5°C. Kach yolk sample
was thawed rapidly by placing the pan in a water
hath at 30°C. Apparent viscosity readings of two
yolk samples were averaged for each treatment.

Since yolk commences to gel at or below —6°C.
the amount of time between —6°C and the storage
temperature must not he ignored. Zero storage
time was defined arbitrarily as the time at which
the temperature of the yolk reached —6°C. The
come-down time was regarded as the time required
for lowering the temperature of yolk from —6°C
to the storage temperature.

Addition of urea. Since the temperature of yolk
decreased during the incorporation of urea, a
standard procedure was adopted for rapidly in-
creasing the temperature of each urea-yolk mix-
ture to 25°C. Powdered urea was added to a
small glass jar with 80 g of liquid yolk at about
25°(A After the jar was placed in a water bath
at 38°C, the yolk mass was stirred immediately
by a stirrer rotating at 30 rpm. When the urea-
treated yolk approached 25°C, the jar was trans-
ferred to a water bath at 25°C. Ten minutes after
the addition of urea, was chosen as zero time.
At this time the temperature of each urea-yolk
mixture was 25°C. Apparent-viscosity readings
for two yolk samples were averaged for each
treatment. _ .

Crude lipoprotein fractions. A crude lipovitellin
fraction w-as prepared by centrifuging yolk, diluted
with 2 volumes of distilled water, in a Sharpies
centrifuge at about 40,000 rpm (Alderton and
Fevold, 1945). The sedimented material was dis-
persed in distilled water (1 to 3 by wt.) and the
slurry was recentrifuged.

The supernatant, obtained after high-speed cen-
trifugation of diluted yolk to remove the crude
lipovitellin, was regarded as a crude lipovitellenin
fraction. Further fractionation of the proteins by
ether treatment (Fevold and Lausten, 1946) was
not conducted, since Livans and Bandemer (1946)
found that the paper electrophoretic mobility of
lipovitellenin was altered by ether extraction.

Analytical methods. To determine the viscosity
changes of treated yolk guantitatively, the Brook-
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field Synchro-lectric viscometer, model RVF, was
used. The viscosity of 80-g yolk samples was
determined at 25°C with spindle No. 6 or Xo. 7,
and with a constant spindle speed of 20 rpm.
Three readings, taken within the first 20 sec of
spindle rotation in yolk, were averaged for each
sample. The apparent viscosity of the yolk samples
is expressed in poises.

Paper electrophoresis was used to separate the
proteins in frozen and unfrozen yolk. Frozen
samples were prepared by freezing 50-g portions
of yolk for 24 hr at about —23°C in 50-ml heakers
with vapor-proof aluminum caps. Before applica-
tion of the yolk samples on the paper strips, a
10-g portion of each yolk sample was diluted with
10 ml of 10% XaCl solution. To ensure homo-
geneity, the diluted samples were mixed frequently
during several hours at room temperature. The
Spinco Model R paper electrophoresis system was
used. To each paper strip (S and S No. 2043A),
a 0.01-ml portion of diluted yolk sample was ap-
plied by an applicator. A phosphate buffer of pH
6.5 and 0. ionic strength was used exclusively.
Kach electrophoretic run was carried out for 24 hr
at about 25°C with a constant voltage of 120 volts.
The strips were dried 30 min at about 120"( in
a forced-air oven. The proteins were stained by
immersing the strips for 30 min in an alcoholic
bromophenol blue solution (1 g of dye in 1 H (f
methanol). The excess dye was removed by rins-
ing the strips three times in 5% acetic acid solu-
tion. The strips were dried for 15 min at about
120°C.  The lipid was located by placing strips
in a 60% ethanol solution saturated with Oil Red
0 for about 16 hr (Durrum cl al. 1952). The
strips were rinsed with distilled water.

The major hromophenol-hlue-staincd lipoprotein
hands were cut from some electrophoretograms
for a dye-elution study. Dye from each paper
section was eluted in20 ml of 05% Xa-CO:
solution, and the optical densityof each dye solu-
tion was measured at 590 mg in a Bausch and
l.omb Spectronic 20 colorimeter. Migration dis-
tance refers to the distance in mm between the
origin and the front of the specific band. Migra-
tion distance and optical-density values reported
in this paper are averages for two electrophoreto-
grams of the same electrophoretic run.

RESULTS

Experiments with yolk. 0j storage tcin-
feratnre and lime. Quantitative determination of
the apparent viscosity of yolk previously subjected
to temperatures below —6°C for short periods and
thawed rapidly under constant condition was ex-
pected to give insight into the gelation mechanism.
Thermocouple records indicated that the come-
down time front —6°C to all storage temperatures

of yolk was less than 30 min. Fig. 1 shows that
the apparent viscosity of frozen-thawed yolk is
dependent on the freezing temperature to which
the yolk was lowered and the storage time. The
viscosity of thawed yolk frozen at —7°C, did not
increase appreciably with storage periods up to
750 minutes. On the other hand, the alteration
of yolk viscosity by freezing at cither —10 or
—14°C was marked initially. A semilogarithmic
plot of the apparent viscosity of thawed yolk with
storage time (after a 30-min come-down time)
gave a straight line in the initial storage period
for temperatures of —10 and —1-FI.

1o looor
- |4 °5x-

3 800-
H -10°C
go 600
to
> 400 X

2 /
, "0 / -1C
0 200 400 600 800

STORAGE TIME MIN .
Fig. 1 Effect of storage temperature on the

viscositv of volk.

Fluffy white masses were noted immediately
after the ice crystals in the yolk melted. The
size of these masses appeared to be related to
temperature and time of storage. The masses
disappeared after a few minutes in the thawed

state.

Inhibition of viscosity changes by sugar ami
sodium chloride. The alteration of yolk viscosity
due to freezing and thawing was reduced by add-
ing sucrose, a polar compound, to the native yolk.
Table 1 indicates that the degree of viscosity
change was decreased as the sucrose concentration
was increased from 0.001 to 0.014 moles per 100 g
of yolk. Even with a concentration as high as
0.014 moles/100 g, how'ever, the viscosity change
was not completely inhibited. A semilogarithmic
plot of the viscosity ratio, 1L/A. and sucrose con-
centration between 0.001 and 0.014 moles per
100 g resulted in a straight line with a slope
[(rf Tog B/A)/dc] of about 10.3 X 10\

Table 2 shows that the viscosity of native egg
yolk increased markedly as the concentration of
XaCl was increased. The findings are in accord
with data of Jordan and Whitlock (1955). The
degree of gelation inhibition by XaCl is expressed
by the value of the viscosity ratio in Table 2
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Table 1 Inhibitory effect of sucrose on the
viscosity change of “yolk “ during freezing and

thawing.
A arentyifgg&ity
Pp%lsesa )
Sucrose Fgﬁgcat
(n%%rig's/ frozen  91min 120min  Viscosity ratio

yolk) A B C B/A CIA

0 20 215 510 13.7 255
0.001 18 240 408 13.2 22.1
0.003 18 130 293 72 16.6
0.006 15 82 86 54 57
0.008 14 50 61 36 43
0.011 14 3l 33 2.2 24
0.014 14 18 22 13 l.d

“Final pH of all samples was about 6.2 at 25°U.

Under the conditions of the experiment, the vis-
cosity change of yolk upon freezing and thawing
was apparently retarded almost completely by the
inclusion of 0.1 moles of XaCl per 100 g of yolk.
On a molar basis, the ionic XaCl is not as effec-
tive an inhibitor as_the polar sucrose.

Influence of cysteine. Since yolk proteins pos-
sess significant amounts of sulfur-containing amino
acids, it was speculated that intramolecular S—S
linkages in proteins of yolk could be ruptured in
the presence of cysteine, with the ultimate result
of inhibiting gelation. For preparation of a cys-
teine-treated yolk, 5 ml of a cysteine solution, ad-
justed to 6.1 with XaOH solution, was added to
80 g of yolk with a pH of 6.1. The concentration
of cysteine in the treated-yolk mixture was 0.0055
moles per 100 g. and the final pH was 6.1. Sodium
chloride was added to the yolk control to pro-
vide the same XaCl concentration as that in treated

Table 2. Inhibitory effect of sodium chloride on
the viscosity change of yolk i during freezing and

thawing.
ABBEOG oYY
o
Not or:1an I
aCll oo frozen min Viscosity

W %
0 24 628 26.2
0.01 56 320 57
0.02 88 155 18
0.03 103 165 16
0.05 143 21 16
0.07 205 235 12
0.10 280 285 1.0
0.14 410 411 1.0

1Final pH of all samples was about 6J1at 25°U.

yolk. As shown in Table 1 the apparent viscosity
of the cysteine-treated yolk, frozen at —14°C for
165 min, was lower than that of frozen-thawed
yolk control under the same conditions.

Effect of urea. Since some investigators IDyer.
gt (/.. 1651; Husaini and Aim. 1955; Sawant and
Magar, 1961 ) have suggested that certain proteins
in aqueous suspension or solution are denatured
during freezing and thawing, a study was initiated
on the viscosity changes of yolk containing a de-
naturing agent (urea). Above a certain concen-
tration. urea was capable of increasing the viscos-
ity of the native unfrozen yolk. Fig. 2 shows the
changes in apparent viscosity of urea-treated yolk
with time and concentration of urea. With a urea
concentration of 0.166 moles per 100 g of yolk, no
appreciable change in viscosity was obtained
within 355 min; with higher concentrations of
urea, however, the viscosity of yolk progressively
increased with storage time. The apparent vis-
cosity curves of yolk treated with urea, partic-
ularly 0.333 moles per 100 g, were somewhat
similar to those of yolk frozen at —10 and —14°C.
At the urea level of 0.416 moles per 100 g. yolk
was converted into a stiff gel in 85 min. The stiff
gels were opaque whereas the viscous yolk-urea
mixtures were semitransparent. When the stiff
gels were heated to 60 and 100°C, they did not
lose their gel structure: the softer gels, however,
were converted to a fluid state at 38°C.

900r
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8 700}
> 600+
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0 T ' 80 120
TIME , MIN .
Fig. 2. Effect of urea on the viscosity of yolk.
Urea concentration in moles per 100 g: " A. 0:166;
B. 0.250; U, 0.333; D. 0.416.
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Tabic 3. Influence ut cysteine on yolk gelation.
AEED Y ey
zen
ARG

Yolk sample
Cysteine-treated " 13 115
Untreated controll 6 285

"0.0055 moles of cg/steine é)er 100 g of yolk.
F|Q§I pH was about 6.1 at 25°C.

ame
centration as in cysteine-treated yolk mixture.

Although 0.166 moles of urea per 100 g of yolk
did not increase the viscosity of native yolk ap-
preciably, a viscosity change of frozen-thawed
yolk containing such a urea concentration was
considered possible since the protein molecules
may be reoriented and more susceptible to urea
dénaturation. Table 4 shows that urea, when
added to thawed yolk frozen at —4.5°C for either
40 min or 20 hr, produced no increase in viscosity.
In contrast, the apparent viscosity of yolk stored
40 min at —14°C increased after the addition of
0.166 moles of urea per KM g of yolk, from 80
poises to 200 poises in 63 min. With a longer
freezer storage period of 70 min at —14°C, the
thawed yolk was transformed from a fluid mass
to a stiff gel after 63 min with the same urea
treatment. .

Effect of sucrose in the presence of urea. The
inhibitory effect of sucrose on the viscosity in-

Table 4. Kffect of urea on the viscosity of

frozen-thawed yolk.
L

I rea treatment-1

c%%%ﬁpoen urea 3min - 33min 63 min
Not frozen 29 7 11 11
Frozenat:
—45°C
40 min 30 23 23 23
20 hr 30 23 23 23
—1°C
40 min 30 24 24 24
180 min 41 25 25 25
—14°C
40 min 80 160 190 200
70 min 207 375 425  stiff gel

" Urea concentration was 0.166 moles_per 100 g
of yolk. Temperature of urea-yoik mixture was
brou?ht up to 25°C in a 38°C water bath with
constant. mechanical stirring ?30 rFm). Urea re-
action time was measured after the addition of
urea.

pH, moisture content, and NaCl con-

crements of yolk due to the presence of urea has
been demonstrated (Table 5). However, even
with 0.014 moles of sucrose per 100 g of yolk, in-
hibition of viscosity change was not complete. A
plot of the logarithm of the viscosity ratio B/A
against sucrose concentration yielded a straight
line with a slope f(d log B/A)/dc1 of about
101 X10s , , ,

Electrophoretic studies on lipoproteins. Paper
electrophoresis was employed to detect differences
in the electrophoretic mobilities of lipoproteins in
native and frozen-thawed yolk. Although veronal
buffer, pH 8.6, has been reported to be satisfactory
for the separation of yolk proteins by paper elec-
trophoresis (Evans and Bandemer. 1957), a buf-
fer with a pH value close to that of native yolk
was desired. With phosphate buffer (pH 6.5),
two major lipoprotein complexes, L, and L-. for
native yolk were separated by paper electropho-
resis (Fig. 3). The lipoprotein Li was non-mobile
and was found to be the major lipoprotein com-
plex in a crude lipovitellin fraction. The major
lipoprotein complex in a crude lipovitellenin frac-
tion corresponded in mobility to the lipoprotein
[, which migrated toward the cathode.

Table 6 shows the migration distances of the
two major lipoprotein complexes in yolk samples
and the optical densities of solutions with dye,
eluted from paper sections. The electrophoreto-
grains for frozen-thawed yolk (Fig. 3) possessed
a slow-migrating lipoprotein B with a migration
distance of 14 mm. The high dye optical-density
value of 0.238 for the non-migrating protein frac-
tion A in frozen yolk, in contrast to an optical
density of 0151 for the lipoprotein 1» of the
native yolk (Table 6), indicates that proteins in
lipoprotein 1.- complex were altered during freez-
ing and thawing to form non-migrating com-
ponents.

FROZEN

UNFROZEN

big. 3. Eleetrophoretograms of unfrozen and
frozen %/olk._ L,. lipovitéllin: L-, lipovitellenin;
A and B, unidentified protein fractions.
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Table 5 Fffect of sucrose qn the viscosit
change 0 yoﬁ< Inthe presence o? urea. Y

AR

re
Sg%r]%;eoo u>§e0a f’yl??na% _ Viscosity
i B IR
0 5 235 157
0.00L 4 215 175
0.003 14 210 150
0.006 13 150 115
0.008 13 125 9.6
0011 il ) Ll
0.014 il 60 55

%;’v“ [ SRS ARS Waobit 4

Experiments with crude IiP_ovit_eIIir] fraction.
The physical change of the lipovitellin complex
during yolk gelation could not be demonstrated
by the “paper electrophoretic techniques, Since
Lea and Hawke ﬁl%%ﬁ observed that their ether-
extracted Il?ovnel in, dispersed in sodium chloride
solution, released lipid and became less soluble,
experiments were initiated to investigate physical
changes of crude lipovitellin (with no ether treat-
ment% from freezing and thawing.

Crude lipovitellin™ suspensions, * containing about
33% total solids with 15-17% ether-extractable
lipid, were prepared with_ distilled water. Freez-
ing b_elow —6°C and thawing of a suspension gave
a solid mass that reverted, with shaking, to a sus-
Fensmn whose appearance was similar to that of
he unfrozen suspension. Alteration in the struc-
ture of the thawed crude lipovitellin was evidenced
by a decrease in the transparency of the suspen-
sion when CaCL solution was added. When 1 ml
of 2.1/ CaCL solution was added to a 5-g portion

Tahle 6. Migration qistanc%s of .golk l oproteir]
fractions ?y %a{)er eectraﬁ oresd, ap opfuca
densities of” sofutions containing dye eluted "from
paper strip sections.

Nljgra- OQH(:SIH%%
. U0 gy CIH
TR i
Unfrozen  lipoprotein, Li 0 4 0151
lipoprotein, L- 28 4 0.57
Frozen fraction A 0 5 0234
fraction B 14 6 0.040

*Distance between the origin and the front of
th% sgoeuflc band.
590 mg.

of unfrozen lipovitellin suspension, a transparent
solution resulted, whereas with the same volume
of 21/ CaClk solution, the frozen-thawed lipo-
vitellin suspension became opaque. Frozen-thawed
lipovitellin ~ suspensions containing either  10%

aCl, sucrose, maltose, raffinose, or arabinose, be-
came as transparent as the unfrozen controls with
added CaCh solution.

To provide further evidence for the structural
alteration_ of proteins in the crude lipovitellin dur-
mgi_ freezing and thawing, the viscosity change of
a lipovitellin solution containing CaCL was deter-
mined. The lipovitellin solution, with a pH of
5.7, had 01 moles of CaCL per L and a total
solids content of 30.9%, not including the CaCL.
The solution, after standing 1 hr at 6°C, was
frozen at —14°C for 12 hr. Upon thawing, the
aPparent viscosity of the solution was 200 poises
at 25"C. On the other hand, the unfrozen control,
having stood 13 hr at 6°C, had an apparent vis-
cosity of 60 poises at 25°C.

DISCUSSION

Egg yolk is a complex biological system
cqnsmtmg of about 499c -water, 17% pro-
teins. 33% lipids, and 1% inorganic matter
(Romanoff and Romanoff, 1949). _Sub-
ecting the Yollc to hlgh-.Sﬁeed centrifuga-
lon sediments granules with a hlqh protein
concentration. (Schmidt ct al, 1956). It
has been estimated that yolk granules oc-
cupy about 11-13% of the total yolk volume
and contain as much as 40% of the total yolk
Protelns. Burley and Cook (1961) found
hat proteins in qranules consisted of 70%
a- and -lipovitellin, 16% . phosvitin, and
12%  low-density lipoprotein. —.Apparently
the I|Povne||en|n resides in the clear super-
natant phase. o o

The results of several |n\_/est||gators_ indi-
cate that lipoproteins are involved in the
?elatlon mechanism. Feeney ct al. (1954)
ound that gelation was léss in crotoxin-
treated yolk than in untreated yolk. The
fact that IH)oproteln fractions of "yolk were
decomposed by crotoxin to lysophospholipo-
Pr_otelns, provides support for the lipopro-
em-gielatlon relationships. Ac_cordlnﬁ to
Fevold and Il.austen (1946). lipoviteller
i)_repared from frozen-thawed yolk, unlike
ipovitellenin from native yolk, did not dis-
solve in an_ether-saturated salt solution.
These investigators suggested that lipovitel-
lenin from frozen-thawed yolk may be a

enin
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mixture of lipovitelleniu and lipovitellin that
cannot tie separated in the usual way. Our
study demonstrated the alteration in electro-
phoretic mobility of the so-called lipoprotein
L2 complex. Apparently the mohile lipopro-
tein, B ‘traveled 'in the “lipoprotein L2 hand
during electrophoresis of native ){olk but
could"be separated eIectroRhoretlca ly from
the other IlpoFrotejns of the complex after
freezing and thawing the yolk.

No information i yet available on the
contribution of the lipovitellin complex (in
yolk granules) to the wscosﬂx increment of
volk caused by freezing and thawing. Ilow-
ever. our experiments with a suspénsion of
crude lipovitellin indicate that the protein
molecules in this fraction are chanFed_ to
form complexes that were not soluble in a
CaCk solution. In solution annﬂ with CaCk,
the lipovitellin fraction was altered durmq
a freezing-thawing period to the extent tha
the viscosity was Increased. Calcium, ions
may be closely associated with lipovitellin
dufing the freezing and thawing of yolk
since about S7cr of the total calcium in yolk
|1sggéesent in the granules (Schmidt " /..

As shown in Fig. L the viscosity change
of thawed yolk is dePendent on a storage
time-temperature (below ,—6°C? relation-
ship.. Cnder the conditions of constant
thawing rate, the results show that the
protein” structural alterations, which are
reflected in_the viscosity change of thawed
Yolk, occur in the frozen” state of yolk. Since
he rate of wscosnY increase was enhanced
by a decrease in the storage temperature
below —6°C, the possibility must not he
overlooked that water Rlays an important
role in the gelation. Tne “lack of gelation
in supercooled (—11°C for 7 days) yolk
(Moran, 1924) also_ supports this Conten-
tion. When a biological material is frozen,
pure water is removéd from solution to form
ice crystals (Meryman, 1956). Conse-
quently, the proteins become. less hydrated
and the concentration of salts increasés. The
breakdown of the water shells that, accord-
ing to the concept of Klotz (1958), surround
the protein molecules, could promote re-
arrangement and a?gregatlon of yolk lipo-
proteins,  Aggregation™ of yolk™ proteins
during freezing and thawing may be due in

part at least to the formation of divalent
metal-ion linkages (Lea and Hawke, 1952).

At present, no explanation can be given
for the rapid increase in the urea-yolk ‘mix-
tures during the be?mnln of the storage
Perlod (Fig. 2). Klotz @958) suggested
hat, under some circumsiances, urea may
disrupt the hydration lattice about protein
molecules without changing the polypeptide
configuration. ~As poirited out previously,
disruption of the hydration lattice of proteins
may occur during freezing. According to
Bernardi and Cook SI% . lipovitellin in
solvents containing 4.1/ urea was converted
to a slow-sedimenting component in 24
hours. With lower “urea concentrations,
two components were observed in the sedi-
mentation patterns.  Those —investigators
found that 4.1/ urea solutions with lipovitel-
lin in excess of 55¢ were transformed to a

gel.

Evidence_for the structural rearrangement
of lipoprotein molecules in yolk due to freez-
mg IS supported by the experiment of the
effect of '@ low coOncentration of urea on
frozen-thawed }/Qlk qable 4). When urea
at a level insutficient to cause an increase
in the wscosﬂyé of native yolk was added to
frozen (—14°C) and thawed yolk, viscosite
increased immediately. The results suggest
that the lipoprotein “in frozen-thawed “yolk
bad undergone some structural rearrange-
ment and was more susceptible to urea
dénaturation. .

The effects of sugars_ on. the gelation of
rolk may be due to”inhibition of dénatura-
jon or aggregation of yolk proteins. Simp-
son and Kauzmann (1953) found that the
rate of dénaturation of albumin in the pres-
ence of urea was dependent on sucrose con-
centration. In our stud¥, the slopes. of
straight lines from plots of log R A against
sucrose concentration for frozen-thawed and
urea-treated yolks (Tables 1 and 5) give a
quantitative measure of the effectiveness of
sucrose as a viscosity increment inhibitor.
Since the slopes for frozen-thawed and urea-
treated yolks have similar valugs, the mech-
anisms of viscosity increment inhibition for
these treated yolks are perhaps alike.,

_ Table 3 indicates that sodium chloride can
inhibit viscosity changes of yolk due to
freezing and thawing. ~Simpson and Kauz-



I'OWRIE. LITTLE, AND LOPEZ 15

maim (1953 ) showed tiiat urea denaturation
of ovalbumin can he diminished bv sodium
chloride. Frensdorff ct al. (1953) sug?ested
that if salt linkages play an important part
in the aggregation of protein molecules
electrolytes such as_sodium chloride would
he expected to inhibit aggregation since they
stahilize the charged groups of the proteins.

Since low concentrations of sugars and
sodium chloride effectively. inhibit viscogity
change ofdyolk upon freezing and thawing,
the sulfhydrvI-disulfide interchange reaction

would nat, be expected to partiCipate Sig-

nificantly in the gelation mechanism. This
reaction”should not he overlooked, however,
partlcularlﬁl since Husaini and Aim (1955)
reported that sulfhydryl groups are liberated
during the freezing of egg white and cod
muscle. Our, studies shiow that cysteing
added to native yolk will partially ‘inhibit
the viscositv increment caused by" freezing
and thawmq. The cysteine may rupture the
intramolecular S-S Bonds in the lipoprotein.»
an_d_conse(iuently bring about a partial un-
coiling of the protein molecules.
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SUMMARY
‘Mhen grown in nutrient broth, Pseudomonas fluorescens produced a heat-
labile proteolytic enzyme system that was active against blended fresh egg
white, spray-dried e%g white, and hemoglobin. The proteolytic enzyme system

was released into the

than at the lower tem
cation was obtained
column _chromatography. _
greatly increased its activity.

In recent years numerous studies have
reported on the types, growth characteristics,
and certain other aspeCts of microorganisms
capable of growing at a relatively rapid rate
in‘foods stored at refrigeration témperatures.
Information is limited, however, on the
characteristics of proteolytic enzymes of
%sychrophlles. Yanderzant (19 and

amp and Yanderzant (1957) reported on
the endo- and extracellular proteolytic en-
zymes of Pseudomonas putrefaciens. The
extracellular system was heat-lahile and
showed maximum activity against casein,
a- and /3-casein, and lactalhumin at pH 7.0-
75, This proteolytic enzyme_ system was
precipitated bkl 50-75Y safuration with am-
monium sulfate. A cell-free extract showed
the presence. of several pe%tldase_s with
maximum aCtIVIt}{ atpH 7.0-8.0. \\ ith some
Pv?ptldases, metal-induced activation (Ain,

0) was observed. Some é)eptldases re-
tained activity after 8 min at 60°C. \ ander-
zant and Moore (1955 ) studjed the growth
pattern and proteolytic " activities of Several
pseudomonads, including P. fluorescens in
milk. Ina more recent study, Peterson and

“Journal paper no. 4124 of the Texas Agricul-
tural Experiment Station, College Station.

| rowth medium when the viable cell
reached a maximum. The proteolytic activity was greater at the hi
gerature_s (15, 5°C) of culture incubation.
y fractionation with ammonium sulfate and cellulo
The addition of 1Y to the enzyme preparation

4

population had
gher (25°C)
ome Furlfl-
ulose-

Gunderson (1960) reported on the proteo-
lytic enzymes of P. fluorescens isolated from
a frozen chicken pie. The proteolytic activity
with casein as, substrate) was present in
the growth medium during the early phases
of growth. The ?resent report presénts data
on the activity of a proteolytic enzyme sys-
tem of P. fllorescens against hemoglobin,
spray-dried eg% white, and blended” fresh
eqg white as substrates.

EXPERIMENTAL METHODS

Cultures. P. fluorescens strains 5 10, and 17
were_selected from a group of pure cultures isolated
and identified in a previous study (Hurley ct al.
1962). The cultures were carried on slants of
trvptone gluco_se extract STGE) agar and were
transferred daily for two transfers prior to each
trial in the growth medium employed in the ex-
periment. Unless indicated otherwise, the cultures
of P. fluorescens were %rown_ in nutrignt broth in
5-gal. Pvrex carboys under slight aeration (1 pm?.
Incubation was at 25°C for 11 days. The cells
were removed by centrifugation in a Sharpies
super-centrifuge (50,000 rpm). The cell-free
growth medium was stored under refrigeration.

Substrates. Blended fresh eqg white, spray-
dried egg white, and hemoglobin were used as
substrates to test the proteolytic activity of the
cell-free growth medium and enzyme preparations.
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Tile preparation of the blended fresh egg white is
described in a previous stud%/ (Hurleg ot al., 1962).
Spray-dried egg white substrate (SDEW) con-
sisted of 39 g of spray-dried egg white (Nutri-
tional Biochetnicals Corporation) 'in 1 L of double-
distilled water to_which 12 ml of 0.1.1/ NaOH
had been added. This mixture was autoclaved for
10 min at 121°C and 15 Ib steam pressure. Fol-
lowing coolmg to 21°C, sterile 0.1332.1/ phosphate
blﬁfferf \évgs added to yield a 2% substrate with
pr_orol. -

~ Tho hemoglobin substrate was prepared accord-
ing to @ modification of the Northrup procedure as
reported by Willms (1960). Five grams of ly
ophilized salt-free  hemoglobin deﬂ Research
Lab.) was dissolved in 80 ml of distilled water,
Following_the addition of 80 g of urea, the mix-
ture was incubated 1 hr at 37°C. A solution con-
taining 10 g of urea dissolved in 125 ml of
0.1332.1/ phosphate buffer was then added to give
a 2% hemoglobin substrate with pH of 80.

Determination of proteolytic activity. Unless
stated otherwise, 1 ml of ‘the cell-free growth
medium or enzyme preparation was added to 5 ml
of substrate. oIIowmg_mcubatlon for 10 min at
31°C, 10 ml of 0.3.1/ trichloroacetic acid ETCA)
was added to terminate the reaction and to pre-
mgltate the remaining undigested protein. The
tupes remained then in the waterbath for 1 hr at
37°C. The contents of the tubes were filtered
through Whatman No. 3 filter paper. Measure-
ment of absorbancy of the TCA filtrates at 280
mfa in a Beckman DU spectrophotometer was used
to indicate extent of protein hydrolysis (Northrup
ct al, 1948). Blanks were run with each trial
b}/ the addition, first, of 10 ml of TCA to 5 ml
of substrate, and then the enzyme preparation.

Bacterial counts. TGE aﬁar was the plating
gn%dlum, with incubation of the plates at 25°C for

ays.

Fractionation procedure. Fraction 1 was ob-
tained from the cell-free growth medium ba/ 5pre-
cipitation with ammonium sulfate with 0-50/;
saturation; fraction 2 was prepared by 50-857i
saturation. In each case, the growth medium after
addition of ammonium sulfate was allowed to
stand 24 hr at 0°C. The precipitated material was
collected on Eager by filtration. It was then dis-
solved into 500 ml of cold 0.1332.1/ Sorenson’s
Phosphate buffer épH 8.0). The ammonium sul-
ate was remove b)zg dlal¥5|s against 0.0066.1/
phosphate buffer at 2°C. The dialyzed fraction
was reduced in volume to 500 ml by evaporation
in dialysis bags with the aid of a fan. The ma-
terial was then stored at 0°C until determinations
were made of proteolytic activity and nitrogen.

Cellulose-column chromatography. Whatman di-
ethvlamino ethyl (DEAE) cellulose and carboxy-

methyl cellulose (CMC?_ were used. The DEAE
(60 g) was soaked in LY NaOH to ensure com-
plete reqeneratlon. It was washed first with 10 L
of double-distilled water to remove the NaOH,
and then with 0.002.1/ sodium phosPhate at pH 70.
The suspension was allowed to settle for L hr. The
fine material that did not settle was discarded.
The DEAE slurry was then Eacked in 1.2x70-cm
glass columns to a depth of 50 cm. The columns
were packed with a vacuum to settle the cellulose
and then further compacted with nitrogen (10 psi)
until a column height was constant. o
~The CMC (60 %) was prepared by soaking it
in 2 L of double-distilled water to which 10" ml
of glacial acetic acid had been added. The CMC
then was washed with 10 L of double-distilled
water. The suspension was allowed to settle for
L hr. The fine material that did not settle was
discarded. The packmg procedure was the same
as that described tor the DEAE column.

The packed column was then mounted on a
Technicon (Technicon Chr_omatograf)hy Co.)
fraction collector equipped with a Canalco” (Canal
Industrial Corp.) ultraviolet analyzer and auto-
matic chart recorder, The column was washed
with 1 L of the starting buffer prior to the addi-
tion of the sample. A 9-chamber Technicon Auto-
?rad, which contained the buffers, was then at-
ached to the column. The fraction collection time
per tube was 7 min, during which time 11 ml were
collected. The buffer system was composed of the
following: chamber 1 of autograd, double-distilled
water; chamber 2, 0.002.1/ Na»HPC),; chamber 3
0.002.1/ NaCl; chamber 4, 0.004.1/ Na-HPCL; cham-
ber 5, 0.004,1/ NaCl: chamber 6, 0.02.1/ Nad IPO,;
chamber 7. 0021/ NaCl: chamber 8 021/
NaTIPOi, and chamber 9, 0.2.1/ NaCl. The frac-
tions separated with the cellulose columns were
assayed for proteolytic activity with hemoglobin
as Substrate. o N _
_Nltro?en determination. The official micro-
Kjeldahl technigue (AOAC, 196011 was used to
détermine the nitrogen content of the samples and
enzyme preparations.

RESULTS

In preliminary experiments, P. fluorcscens strains
5,10, and 17 were grown at 25°C and at pH 7.0 in
both nutrient and TGE broth. In subsequent ex-
Benments the cultures were grown in nutrient
roth adjusted to éJH 6.0, 7.0, and 8.0, with incu-
bation at 5, 15 and 25°C. The proteolytic activity
of the cell-free growth medium was " determined
b{ allowing it to_react with the hemoglobin sub-
strate for 1 hr. The results of these experiments
indicated that proteolytic activity was greatest in
the cell-free nutrient"broth medium of strain 17
incubated at 25°C. Fig. 1 presents data on the
effect of time of incubation at 25°C on the produc-
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ttic a(E\ti(\J/rlltyt elbacie o? enzyme preparatio Ingu-
ate(} with he%_ﬁobm at ’Ew gptﬁ gnda C $0r

nr) of the cell-free growth medium.

tion of proteolytic enzymes in: a) nutrient broth
cultures (strain 17) initially adjusted to pH 6, 7,
and 8; and b) a 2% solufion of spray-dried egg
white (PH 7.5). Little or no proteolytic activity
was detected until after 5 days of" incubation,
when in most cases the level of viable population
had reached a maximum. The ﬁatterns of growth
were similar at 15 and 25°C. The level of popula-
tion during the first 7 days of incubation was some-
what lower at 5°C than at 15 or 25°C. Fol-
lowing incubation for 7-11 days, levels of popula-
tion were very similar at 5 15 and 25°C. In
general, after “week of incubation the ﬁroteolytlc
activity of the cell-free nutrient broth medium
was greatest in the cultures incubated at 25°C,
followed b¥ those at 15 ar.d 5°C. The proteolytic
activity of the cell-free SDEW medium, how-
ever, Was greatest when incubated at 5°C for 7-11
days. At culture incubation temP_e[atures of 25
and 15°C. however, proteolytic activity was much
reater in the cell-free nutrient broth medium
an in the cell-free SDEW medium. Although

60 ———- SPRAY-DRIED EGG WHITE 25°c
0 1 1 1 1 1
o 2 4 6 8 10
INCUBATION TIME (DAYS)

F2' 2. Effect I(-)If gpe of cuItu&e whdzn in;:ub.at]eI

2

at 25°Con thﬁp the growth me
adjusted to pH " values ranging from

Rl

some of the differences in level of viable population
and proteolytic activity of the cultures can prob-
abli/ be ascribed to differences in pH value of the
cultures, no definite pattern could be established.
After incubation at 5 and 15°C for 7-11 days the
viable counts of the nutrient broth cultures with
initial adjustment to PH 6, 7, and 8 were very
close. The same was true for the nutrient brot
cultures incubated at 25°C for 5 days. This, how-
ever, ws followed by a decrease in count in the
cultures in which the pH was_mltlaI_IF/ adjusted
to 6.0 and 80. In most cases little ditference in
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proteolytic activity was found. The initial adjust-
ment of the media to pH 6.0, 7.0, and 8.0 bad in
most cases little inflyence on the proteolytic activity
of the cell-free nutrient broth media after 11 days
of incubation. The data in Fig. 2 indicate that
after 7-1_1_daﬁs at 25°C the pH values of the
cultures initially adjusted to pH 6. 7, and 8 had
adjusted _themselves to values rangmgi from 75
to"7.9. The changes in pH values at 15 and 5°C
were similar to those at 25°C. Fig. 3 indicates that
within the temperature limits of this experiment,
proteolytic activity of the cell-free growth medium,
against SDEW “was maximum at 37°C, with
somewhat lower activities at 31 and 25°C. With
hemoglobin as substrate, however, activity after
1 hr of reaction time was maximum at 25°C, with
somewhat decreased activities at 3L and 37°C.
After reacting for 1 hr, however, the differences
in proteolytic activities at the different reaction
temperatures were only slight. To study the

effects of pH of substrate and reaction time on
the extent of ﬁ_roteolyms_ of hemoglobin and spray-
dried egg white solution, the ~substrates were
adLusted to the pH values ranging from 7 to 1
(phosphate buffer), and reacted with the enzyme
Ereparatlons at 37cC for 0. 10, 20. 30. 40, 50. and
0 min. The results are presented in Fig, 4. The
extent of proteolysis was greater with increased
reaction time. In_most cases, little difference in
proteolysis of SDEW was observed at the various
pH levels. With hemoglobin as substrate, how-
ever, proteolysis was optimum at pH 7.5. and in
some cases with a second optimum at pH 90.
The data of Fig. 4 were also used to check the
effect of reaction time on hydrolysis of hemogi!obm
by the enzyme preParatlon. Up to 1 hr a linear
relation existed between proteolysis and reaction
time with s rag-drled egg white as substrate at
pH values of 7.0-9.0. Subsequent experiments indi-
cated that a similar relation with hemoglobin as
substrate existed up to 10-20 min. The data in
Fig. 5 indicate a linear relation between quantity
of enzyme preparation and proteolysis of hemo-
globin or spraY-drled egtg white solution up to and
including 1 ml of cell-free growth medium.
~As shown in Fig. 6, the rate of proteolytic activ-
ity increased up to a concentration of 1.3-147
against hemo\g/lobm as substrate and up to 1.87
against SDEW. o

Heat Stabl|lt?/ of proteolytic activity. One-ml
quantities of cell-free %rowth medium were_placed
in test tubes. The test tubes were placed in con-
stant-temperature water baths at 50, 60, and 70°C.
After the contents of the tubes had reached the
desired temperature, a sample and a blank were
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Tabic .1 Effect of various compounds on the
Hroteo ¥t|c activitya of t[]e cHWepe growt% me-
lum of P. fluorescent strain 1/.
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removed at desired intervals and quickly immersed
in ice water. The proteolytic activity of the sam-
ple was then determined.” When hemoglobin was
used as substrate the time required to inactivate
the enzyme é)reparatlon was almost 28 min at 50°,
40 sec at 60°, and 20 sec at 70°C. With sFray-
drled_eg%_wh_lte as substrate, activities were lower
and inactivation times were smaller,

Effect of activators and inhibitors. To test the
effect of metal jons and certain other compounds
on the proteolytic activity of the enzyme prepara-
tion, 1 ml of enz%me preparation was’ preincubated
for 1 hr at 37°C with 1 ml of 001, 0.005, and
0.002,1/ solutions each of MnSO,, HgCl;, CoCl;,
XiCh. KCX, CaCh, FeCU, XaF, Mgb_o., CuSO.,.
ZnSQi, FeCh, Xa;50.i, PbSOi, ascorbic acid, and
cysteine, Following the 1-hr preincubation period,
4 ml of substrate ‘were added. A standard assay
for proteolytic activity was then conducted (Table
1). The proteolytic activity of the cell-free growth
medium against” both hemoglobin and spray-dried
egt{; white %reatly_mcreased when ﬁremcubated
with a 0011 solution of FeCl;. Although some
ether compounds caused slight increases in proteo-
lytic activity against either hemoglobin or spray-
ried egg white, only FeCl; increased the proteo-
lytic activity. against both substrates. _

Fractionation of the cell-free growth medium.

0.8
0.16 |
014
HEMOGLOBIN
012
010 |

0.08

ABSORBANCY

0.06

0.04 -

SPRAY-DRIED EGG WH
002+ GG ITE

0 1 1 1
(o] 04 16 20

08 2
PROTEIN IN SUBSTRATE (4
6 Elffect ?f substrate congcentration og

big. 6.
ps oS50 o R

Table 2 Presents data on the proteolﬁtlc activity
of the cell-free growth medium and the fractions
prepared from this medium by ammonium sulfate
precipitation. In these experiments 1 ml of each
preparation was Eremcubated 15 min at 37°C with
1 ml of 0011/ FeCl. After preincubation, 4 ml
of substrate were added and the enzyme and sub-
strate were allowed to react for 10 ‘min at 37°C.
Fractions 1 and 2 had greater specific activity
than did the cell-free growth medium. Each of
the preparations also showed proteolytic activity
against fresh egg white.

Table 2. Proteolytic agtivity® of  the cell-free
growth” medium, f?a%t#on ianéyfractlon 2
ic
t
[

Specif
A% Q]tha v agﬁsw X
Ii X ai&b\,&w

W0 (il >
(irowth medium

Hemoglobin 0.663 L7 0.62

Fresh egg white" 0192 018
Fraction 1

1emoglobin 0.453 2.53

0.179

Fresh egg white  0.066 0.37
I'raction 2

Hemoglobin 0.716 L 0.71

Fresh egg white  0.264 0%

ST T

or ..
1%85”11 protein substrate.

e
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ABSORBANCY

PEAK NO. 3

< jbe 38)

a DE

Cellulose ion-exchange. A sample of fraction 2
was diluted 1:5 with double-distilled water aid
passed through DEAF column. Fig. 7 shows the
changes in ‘absorbancy as the fraction passed
through the column. Table 3 shows the proteo-
Iytic activity ihemoglobin substrate) of the efflu-
ents collected during the recording of the peaks.
These samples collected from the peak areas had
considerably hlgher specific activities than the
fraction had before passing through the column.
A sample of fraction 2 was also placed on a CMC
column, but passed through this column without

separation.
DISCUSSION

The results indicate that under certain
conditions of incubation P. fluorcscens strain
17 produced a_heat-labile proteolytic enzyme
that was active a%alnst hemoglobin “and
spray-dried egg white. Proteolysis of fresh
e?% white was observed only upon activation
of the enzyme preparation with FeCF. lron
also incredsed the proteolytic activity against
hemo,?lobln and spray-dried egg white.” The
activity of iron s interesting in view cf
reportS (Garibaldi and Bayne, 1960) that
washing of eggs in water with 5-10 ppm of
iron caused more spoilage than washing in
water containing less than 1 ppm of iron.
Furthermore, others (Garibaldi, 1960: Fee-
ney and Na?y, 1952) have reporte_d that
thé growth of some microorganisms in eggs

TR WY (S T A Y LN KA 0 O B SO SO B .‘
PEAK NO. 2 PEAK NO. | )
(Tub. 21, 22) (Tub. 9-12)

Flg.FY.COEnges in absorbancy at 280 mg of Fraction 2 as the sample passed through

Tabic 3. Proteolytic activity * of effluents col-
lected during the DEAE column study.

orbancy. of .
VRIS ot S

Buffer hlank

Tube #5 0 0 0
Peak 1

Tube #9 0432 0.128 3.38

Tube #10 0.742 0.486 153

Tube #11 1.301 0.314 414

Tube #12 1523 0214 112
Peak 2

Tube #21 1.347 0.086 15.66

Tube #22 1.398 0.143 9.78
Peak 3

Tul)e #38 1.046 0.199 5.26

"1 ml of enzyme preparation . preincubated. wit
E_?C an(? therzijeltrP ﬁ%mog‘lobl alt ﬁJH %.0 V%Ing

°C for 10 min.

may he retarded because of the iron-binding
properties of conalbumin. Recent studies

Hurley ct al., 1962), however, have shown
that marked increases in the viable popula-
tion of various strains of P. fluorescens can
occur in egg white without added iron and
without prior adjustment of pH. The lack
of iron available” for activation of enzyme
activity, however, may explain the lack of
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Proteolyms Jn Dblended egg white at high
evels of viable cells even after extensive
periods of incubation. The results of these
and other studies indicate that the amount
of iron present in eggs may affect not onlv
the extent of growth of samé microorganisms
but also the activity of their enzyme Svstems.

Information on 'the production and char-
acteristics of proteolytic enzymes from psv-
chrophiles is limited.” I'eterson and (junder-
soil (1960) reported or. the proteolytic en-
zymes of a strain_of P. fluoresccus Isolated
fiom a frozen chicken pie. In general the
pattern of growth of this strain at the_vari-
ous temperatures of incubation was similar
to that of P. fluorescent strain 17. In_their
study, however, liberation of proteolytic en-
zymes in the growth medium was; a) ob-
served ,durm% the earl¥ phases of culture
incubation, when in most cases the cells were
in, the Io%arlthmlc phase of Prowth: and
hi greatest at the lower incubafion tempera-
tures and decreased with increasing temEer-
ature. In a study on the growth and proteo-
Iytic activity of a strain of P. fluoresccus in
milk, Yanderzant and Moore (1955) re-
ported that proteolytic activity was low until
after 10 days, when the level ‘of viable po1pu-
lation had almost reached a maximum. The
activity was %reater at 25 than at 5°C. In
the present sudr Proteolysm was: a) ab-
sent or slight until the level of viable Popu-
lation had” reached a maximum (after 5
days), and h) ?reater at the higher tem-
Reratures of inculmtion. Several factors may
e directly or indirectly responsible for these
differencés in results: a) a difference in
Frowth medium {nutrlent broth versus try p-
one-glucose-meat extract broth) ; the possi-
bl|l(tjy exists that the protein in the r(irowth
medium may have tied up iron so that the
amount available during the early stages of
growth was insufficient: b) differences in
substrates and methods of analysis to detect
proteolysis, hemoglobin, spray-dried egg
white, ‘and blended fresh egg White versus
casein_ (Peterson and Gunderson, 1960 ):
and c) strain differences (Long and Ham-
mer, 1941 : Yanderzant and Nelson, 1953:
Yanderzant, 1957, Hurley ct al.. 1962).
With respect to strain differences, numerous
studies with mar.y species of bacteria have
shown that certain strains may possess high
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proteolytic activity, others medium, and
still others little or'none at all. Furthermore,
data for characteristics of enzyme. systems
of psychrophiles are usually Tejxjrted for
one or a few strains only. " ()ther studies,
mcludlnﬁ one by Kereluk ct al. (1961 ), have
shown that the growth pattern of strains of
I’, fluoresccus, may differ greatl){. It should
also, he kept in mind thaf nearlv all infor-
mation available on proteolytic enzymes of
Psychrophlles IS on preparations. that are
ar from pure and that may contain various
proteolytic enzyme systemis. Choice of a
certain” set of “conditions with respect to
?rowth of culture, enzyme preparation, or
pe of substrate maY be highly _selective
0r_one or more s,}/,s ems. Selection of a
different set of conditions ma¥ favor a differ-
ent enzyme system(s). Although the re-
sults obtained "in this” investigation furnish
answers to a number of questions concerned
with the proteolytic enzyme systems of P.
fluoresccus. they also point out the great
need for further investigations on the “pro-
teolytic enz%/me systems of various strains
of Species of Pseudomonas.
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SUMMARY
The band-four pigment in the general eight-band pattern for red vinifera
grapes as observed in this laboratory was isolated front Freisa grapes with
paper chromatographic techniques. Hydrolysis, partial hydrolysis, and alkaline
microdegradation studjes on the pure pigment demonstrated that it was

peonidin-3-inonoglucoside.

INTRODUCTION

The development ~of techn|<Jues using
Paper chroma o?raﬁ)hy has made possible
he separation of the ‘many anthocyan pig-
ments of grape skins. Moderate quantities
of relatively pure compounds can he isolated
for structure’ determinations by multiple-bar
chromatographs on thick papers,

Bankine ct_al. (1958), Albach ct at.
(1959) and Ribereau-Eayon (1953) have
shown' that the pigments of the majority of
the red wine variéties of Vitis vinifera” are
similar in that eight discrete pigment hands
tire obtained on paper chromatography. The
relative amounts of the different pigments
vary and certain of the plﬂ]ment hands are
absent in some varieties. ' The pigment pre-
sent in greatest amounts. in most of the
red wine viniferas is malvidin-3-monogluco-
side. This plqment corresponds to hand 5
in the nomenclature of Rankine and Albach,
it which band 1 s that of highest Rf on an
ascending chromatogram on Whatman Xo. 1
aPer usmq the butar.ol-acetic acid-water
solvent system. The identity of hand 4.
which haS a rose or red-orange color, is
the subject of this report. The source of
pl%men,t for the investigation was the graéje
'itis vinifera. var. Ereisa, in which hand 4

IS present in high relative concentration.

EXPERIMENTAL

Chromatographic solvent systems used.
A-l. Less-dense phase of n-butanol-glacial acetic
acid-water (4:1:3) (Bate-Smith, 1950).

*Abstracted from an M.S. thesis by R. F. Al-
bach. 1900.

A-Ic. n-Butanol-glacial acetic acid-water (6:1:2)
éHarborne, 1959).
A-2. Forestal solvent (Harborne, 1958). .
A-l. More-dense phase of m-crcsol-glacial acetic
acid-water 850:2:48) (Bate-Smith, 1950).
A-4. Less-dense dphase_ of n-butanol-2.Y hydro-
%I&rsc acid mixture (1:1) (Harborne.
Water and cone, hydrochloric acid (97:3)
(Harborne, 1958). _
90A ag. formic acid and 3.Y hydrochloric
acid (1:1) (Roux, 1957). _
9094 ‘ag. formic acid-conc. hydrochloric
a0|d-water_(5:2:32_ (Harborne, "1958).
Water-glacial acetic acid-conc. hydrochlo-
ric acid (82:15:3) _éHarborne, 1958).
2.Y hydrochloric acid (Bate-Smith, 1950).
Less-dense, J)hase of n-butanol-conc. hydro-
chloric acid-water (5:1:2) (Endo, 1959).
%%gtanol-pvndme-water (6:3:1)  (Endo.
Acetone-n-butanol-water  (7:2:1)  (Heft-
mann, 1961).
Less-dense phase of n-butanol and water
mixture (DoPorto ct al, 1955).
Eth}/l acetate-glacial _ acetic
(9:2:2) (Pridham, 1957). . _
Less-dense phase of benzene-glacial acetic
%%%di)water (2:2:1) (Bray and Thorpe,

A-5.
A-6.
A-T.
A-8.

A-9.
A-10.

S-l.
S-2.
P-1.
P-2.
P-3.

acid-water

Isolation of band No. 4 pigment. Clusters of
mature Freisa grapes (vines 160:9, 10, Depart-
ment of Viticuliure and’ Enology vineyards, Unj-
versity _of California, Davis) " were” picked in
1958." The ﬁrape skins were separated from the
F_ulp, and the clean skins were washed several
imes in distilled water. The skins were then de-
hvdrated b pIacmF_them in a vacuum desiccator
over anhydrous calcium chloride for two days at
25 mm Hg pressure under a nitrogen atmosphere.
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Five grams of desiccated skins were ground with
approximately 10 g of fine white sand until the
mixture was homogeneous_m ap]>earance, 50 ml of
2% methanolic hydrochloric acid were added and
the grinding was continued for several minutes.
The extract was removed by vacuum filtration and
the residue washed several times with 10-ml vol-
umes of the extractm? solvent. The combined
filtrates were reduced to a volume of 30 ml by
vacuum evaporation under a stream of nitrogen.
The pigment mixture was placed on Whatman
3MM chromato?raphlc ﬁaper (approximately 35
ml of concentrate Per sheet) as a bar along the
long direction of the paper and developed in a
Reco Giromatocab, Model A, by the ascending
flow of solvent A-| for 24 hours.” The chromato-
ram was removed from the chamber, dried, and
then rechromato%ra{)hed_three times as in the mul-
tlfle-developmen echnique described 'bY Smith
(1958). Atter completion of this multiple devel-
opment of the chromatograms, band 4 was cut
out, eluted either with “methanol or with 2%
methanolic hydrochloric acid, and rechromato-
graphed several times in similar fashion until it
was chromato?raphlcally pure when checked with
several solvent systems. Evaporation of the last
methanol eluates ‘to dryness resulted in the isola-
tlontof approximately 50 mg of pure band-4 pig-

n

ment.

Partial hydrolysis. With the techniques of Abe
and Hayashi (1956) a 2-mg sample of band-4 pig-
ment and 3 ml of an aqueous 10% hydrochloric
acid solution were placed in a 12-ml centnfu%e
tube fitted with a cold finger condenser, and the
mixture was brought to a boil by heating in a

brine bath. Starting with the onset of boiling,
20 gl samples were removed from the reaction
mixfure at 5-min intervals for the first '/ hr.
Each of the samples was spotted in Sequence on
a series of Whatman Xo. chromato%raphlc pa-
pers and developed with solvents A-l1 to A-10
inclusive. All the chromatograms of partial hy-
(lj_rohlrms products were observed under ultraviolet
19

Comparison of band-four anthocyanidin with
known anthocyanidins. One mﬁ of band-4 pigment
was hydrolyzed by boiling 1 Ar in 1 ml of 10%
hydrochloric acid.  The “anthocyanidin  resulting
from hrdrolrsw was extracted with 2 ml of iso-
amyl alcohol, spotted on Whatman No. 1 paper
along with samples of known anthocyanidins in
isoamyl alcohol, and developed b?/ the ascendin
technique with solvent systems A-[; A-2, and A-T.

Alkaline microdegradation. The alkaline deg-
radation scheme reported by Karrer and Widmer
(19272 was adapted to a micro scale, and a nitro-
gen atmosphere was used. One mg of band-4 pig-
ment and 04 ml of hot 15% barium hydroxide
solution were placed in a 15-ml centrifuge tube
fitted with a cold finger condenser and a system
to permit maintenance of a nitrogen atmosphere.
The mixture was heated 1 hr in a b0|I|n% concen-
trated brine bath, cooled, acidified u'ith a few
drops of concentrated hydrochlorlc acid, and ex-
tracted with 0.8 ml of ‘ether. Twenty gl of the
ether extract from the alkaline degradation were
spotted on Whatman No. 1 paper along with a
series of 20-gl samples (4 %g of compound) of
ether solutions of possible phenolic products and
developed by the ascending technique in solvents

Table 1. Chromatographic comparisons of anthocyanidins.

Solvent Anthocyanidin

A-l Band-4 aglycone
Cyanidin
Delphinidin
Petunidin
Malvidin

A-2 Band-4 aglycone
Cyanidin_
Delphinidin
Petunidin
Malvidin

Band-4 aglycone
Cyanidin _
Delphinidin
Tetunidin
Malvidin

A-T

“Harhorne (1958).

Rr Value
Observed Reported a

071 0.71 (Peonidin)
o7 68
34 42
47 52
56 58
N 63 (Peonidin)
58 4
3 32
A 46
68 60
34 30 (Peonidin)
2 22
15 13
23 20
2 21
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TablgS 2. Chromatographic comparison of alkaline degradation products with phenolic

compoun
Rf values Chromogenic treatment
Solvents Diazoni ,
Compound A-le P-1 P-2 P3 fegent" e
Band-4 deg. spot A 0.78 068 087 000 Orange-red Brown
Band-4 deg. spot B 93 13 97 83 Yellow Blue
Pliloroglucinol 80 69 86 00 Orange-red Brown
%- Hydroxybenzoic acid 9 82 98 ) Pale yellow Purple
rotocatechuic acid 90 4 3 07 Brown Dark brown
Gallic acid_ 12 2 76 00 Yellow Brown
Vanillic acid % 13 9 83 Yellow Blue
Syringic acid Q2 56 % 82 Yellow-orange  Brown

A-lc. P-1, P-2, and P-3. After chromat_ograp_h%/
the Fhenoll_c spots were visualized by coupling wit
p-toluene diazonium chloride as described by Swain
(195_22. The colors of the spots were noted im-
mediately after coupling and after treatment with
0.iv NaOH followed by heatm% for 10 min in an
oven at 110°C. Two distinct phenalic spots were
present from the alkaline degradation of hand 4
and were designated spots A and B.

Su%ar moiety identification. Approximately 1
mg of band-4 plﬁment was h droIYze_d by boiling
for 1 hr in 1 ml of 10% hydrochloric acid. The
mixture was cooled to 0°C and 12 grains of
Amberlite IRA 410 ion-exchange resin were added.
After storage at 0°C overnight, the |on-exchanﬁe
resin had become red from adsorption of the
anthocyanidin.  Twenty-/nl portions of the clear
supernate were spotted on two Whatman No. 1
chromato%rap_hlc papers along with a series of
spots containing known sugars, ana the chromato-
grams developed using solvent S-I by the ascend-
Ing and S-2 by the descending technique. After
development the chromatograms were dried and
the sugar spots visualized by treatment with the
aniline hydrogen phthalate Teagent described by
Partridge (1949). The npositions of the su%ars
were indicated by the presence of brown or Dblue
spots. The relafive positions of the spots were
indicated by calculation of the Rs values (Smith,

1958).
RESULTS AND DISCUSSION

Freisa grapes had been shown by surveys
of a largé number of vinifera varieties i
this laboratory (Rankine et al. 1958; Albach
ct al. 1959) to be one of the best sources of
band-4 pigment. The amounts of pigments
in_the various hands were ohserved to var
widely in the vinifera varieties investigated.
Ribereau-Gayon (1959) observed that, the
relative amounts of pigment in the various

bands also differ considerably within_ the
same variety, depending on Whether it is
grown in California or in France.
_ Partial hydrolysis of the band-4 pigment
in this mvestl(%a lon %ave only two pigment
spots in each of ten ditferent solvent systems,
the original pigment spot decreasing and the
new spot incréasing in intensity as the hy-
drolysis progressed. Neither spot exhibitéd
fluorescence "under ultraviolet light. An au-
thentic sample of cyanidin-3,5-diglucoside,
submitted to the sdme partial fydrolysis
technique as a check, gave three ‘spots in
solvents A-7, A-8, and”A-9, and_gave the
theoretically possible four spots in” solvent
A-10. The original diglucoside spot and one
of the new spots fluoresce brilliantly under
ultraviolet light. This is consistent with
llarborne's (1958) statement that the fluo-
rescence is characteristic of anthocyanins
with the 5-position occupied. Assuming the
generality of the fact ,éEndo, 1959) “that
attachment of sugar residues is restricted to
the 3- and 5-positions in natural anthocy-
anins, the results with partial hydrolysis
indicate that the band-4 pigment i a
3-monoglycoside. .
Chromatogfraphlc comparison of the an-
thocvanidin from the band-4 pigment with
authentic samples of _ cyanidin, malvidin,
petunidin, and" delphinidin in three solvent
systems (Table 1) clearly demonstrates that
it is different from each of these, and com-
parison of the observed Rf values with
values reported by Harborne (1958) further
suggests that the band-4 anthocyanidin is
peonidin.  This was confirmed by alkaline
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Table 3. Chromatographic comparisons of sugars.

Sugar S(ilvent: S-I S-2
Band-4 sugar 100 97
Glucose 100
Fructose 13 123
Galactose 8l 87
Rhamnose 234 325
Arabinose 136 167
Xylose 162 200
mlcrodeﬁradatlon studies on the band-4 pig-
ment. which gave phloroglucinol and vanillic
acid (Table 2). the expécted products from

peonidin_derivatives (Karrer and Widmer,
1927). The data in Table 3 clearly demon-
strate that the sugar in the band-4 pigment
Is glucose. . o

The results conclusively identify the
band-4 R_lgment as peonld]n-3-monpﬂluco-
side. ' This result is consistent with the
proposal by Dupur and Puisais (1955) that
Peonldln-S-monog ucoside is £,resent In vini-
era_grapes, and with Ribereau-Gayon
(1959)). who indicated that band D in’his
two-dimensional pigment pattern from vini-
fera grapes grown ‘In France was peonidin-
3-monoglucoside. It is in contrast, however,
with the report (Colagrande and Grandi,
1960) of peonidin-3-monofructoside as a
constituent of pigments from vinifera grapes
grown in Italy.
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SUMMARY

Analysis by gas-liquid chromatography of the terpene hydrocarbon fraction
of the essential oil obtained by steam distillation of the fruit of Schinus molle
L. revealed 11 components. Capillary columns and flame ionization detection
increased resolution and permitted tentative identification of 6 additional
terpene hydrocarbons not hitherto reported in the oil. The compounds found
were: a-pinene, /3-pinene, a-PheIIandrene,_/3_-phe||and_rene, myreene, D-limonene,
camphene, p-cymene, and three unidentified constituents. These components
were tentatively identified by calculating relative corrected retention volumes
and comparing these with values for known terpene hydrocarbons. The three
stationary liquid phases used yielded data that lend credence to the tentative

assignment of peak identities.

In addition to_being a handsome orna-
mental tree, the California PeE,per (Schinus
molle L.) provides an interesting excursion
into terpene chemistry. Steam distillation of
the berries and leaves yields a volatile oil
that has been used as a substitute for black-

pepper, in _flavoring compositions, and in
harmaceutical products ~ (Gonzales and
ombardo, 1946; Ottolino, 1948). _In

Greece the berries serve for the preparation
of certain beverages (Guenther, 1952), and
the bark of the tree is sometimes™ used
|1r193lleather-tann|ng preparations  (Stather,

A number of investigators have examined
the physicochemical ,Propertles and chemical
CQmPOSIIIOH_ of the oil, but to date only some
six terpenoids have been tentatively “identi-
fied (Briickner van der ngen, 1930; Gon-
zales, 1931 ¢ Ottolino, 1948). Cremonini
(1928, 1930) reported the presence of trans-
terpin, ferrojone, and a sugar with proper-
ties similar to ?Iuc,ose. It i quite likely that
the presence of this sugar imparts to the ol
the ‘ability to reduce Fehling’s solution, a
useful method for the detection of adultera-
tion of black ,pefgper oil by Schinus molle
oil (Cremonini. 1930 : Nunez-Samper. 1953;

Escalante and Liceaga, 1956). Cremoninl
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(1928) was able to find no thymol, limonene,
or pipérine in the oils he examined. Numer-
ous researchers (Guenther, 1952) have es-
tablished the presence of two terpene hydro-
carbons, a-pinene, and /3-phellandrene;. an
the terpenoids carvacrol and sobrerol [Kld,en-
tification of the latter is quite tentative
(Guenther, 1952)].

_The physical constants for Pepper Tree
oil are as numerous and varied as have been
mvestl?atlons of the oil.  Guenther (1952)
Bresen s values for densities that range from

850 to 0.866 witli no mention made as to
the temperature during the determinations.
Refractive indices, specific rotations, acid
numbers, and ester numbers,also vary con-
mderablr. _The range of values for" these
constants Is:

[a]” + 26° 55' to 62° 42'
w:/'1.47818 to 1.47900

Acid number : 0.4 to 2.5
Ester number: 8.3 to 25.2

Bruckner van der Lingen (1930) reports
constants for the oil obtained from green
leaves and green berries of South African
Pepper trees as follows:
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Density : 0.8486 (no temperature
specified )

[a] iy + 68° 24'
no 14732
Acid number : less than 0.1

Ester number :46.70 (after acetyl-
ation 115.80)

It appears c}une probable that these differ-
ences in constants are due, at least in part,
to the wide variety of oils examined, egz
from Algerian, French, Mexican, and South
African “sources ; and to the fact that main-
oils were composites prepared from hoth
leaves and herries (some of which were

reen).

: Ott()JImo (1948) studied the yield of oils
from various parts of the tree and was able
to show that the leaves contained about 0.2%
oil in winter and up to 1% oil in early fall.
The flowers contained 2.1% oil, and thé fruit
1.6% (state of maturity not specified).

_ From the above, itis likely that no two
investigators examined comparable oils. In
addition, most of the studies were conducted
before the advent of chromatq?raphy and it
IS conceivable that many constifuents present
in small amounts weré not detected. The
present study was undertaken to re-examine
previous investigations and to determine if
additional terpene hydrocarbons could be de-
tected with one of the more modern meth-
%%SL%f) analysis, gas-liquid chromatography

EXPERIMENTAL

The berries used were harvested from trees
grown for ornamental purposes in William Land
Park, Sacramento, California. They were picked
in October, 1960; the outer covering (skin) had
reached a deep red-brown. Immediately after har-
vest, the berries were brought to the” laboratory
where they were rinsed with cold water and dried
with clean cloths. Pedicels and skin were care-
fuIIF removed by hand from each fruit, and 32.5 g
of the reddish-pink berries and 50 ml of distille
water were placed in a high-speed blender and
homogenized for 30 min. The hqm_oFenate was
transferred to a 2-L round-bottom distillation flask
and the contents steam-distilled in the conventional
manner at atmospheric Pressu,re through a 30-cm
bubble Elate column fitted with a Kjeldahl _tr&_li)
and a 50-cm ice-water-cooled condenser. Distil-
lation was discontinued 10 min after the last drop

of oil appeared in the receiver and when the latter
contained about 500 ml of total distillate. The
Uﬁper oil phase was separated from the water
pnase in a separatory funnel, giving a colorless
oil with a sharp pepper-like aroma. “After drylln%
over anhydrous sodium sulfate for 24 hr, the yiel
of oil was 1.96 g &6.03% of the total fresh weight).

The density at 29° of this steam-distilled Pepper
Tree oil was 0.883. The oil had a specific rotation
of —2487° at 27°, and the refractive index at
245° was 14732, No determination of ester or
acid number was made. .

Analyses were made with capillary columns and
flame jonization detection. This provides the best
resolution currently available b}’ gas chromato-
graPhlc methods (Bernhard, 1962). The gas chro-
matographic equipment and Procedures for prepa-
ration of columns, method of sample introduction,
etc, are fully described elsewhere (Bernhard.

Samples of the whole oil from the steam distil-
lation were introduced into the chromatograph at
such temﬁeratures that maximum resolution of the
terpene hydrocarbons was achieved (Table 4).
From previous experience (Bernhard, 1957, 1961
1962: Bernhard and Scrubis, 1961 Clark and
Bernhard, 1960), these conditions and the reten-
tion times for these compounds were known. After
the terpenes were eluted, the remaining terpenoids
(oxygenated terpene compounds) were removed
from “the chromatographic column by-increasing
the column temperature to 150° and maintaining
that temperature until no further constituents were
eluted. This, in effect, was deterpenation by GLC.
_Table 4 presents the exact parameters of opera-
tion, ie., stationary liquid phases, temperatures,
flow rates, sample ‘size, etc.

RESULTS AND DISCUSSION

Examination of the terpene hydrocarbon
fraction isolated front the essential oil of
Schinus molle was carried out with three
stationary liquid phases:_n-butylcyclohexyl
phthalate, Tween-20, and FAC-2-R446. Var-
lous peak identities were assigned by deter-
mination of the corrected reténtion volumes
(Vr) (Ambrose et al, 1958) of knowp
terpene h}/drocarbons and comparison with
those for the unknown peaks. Peak identity
was further confirmed by an enrichment pro-
cedure in which the Known terpene com-
pounds were added one at a time to fresh
portions of the terpene hydrocarbon fraction
of the oil and re-examined b%/ gas-liquid
chromatography. By these technjques, the
majority of the coniponents in this fraction
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were tentatively identified. Data are pre-
sented in the form of relative corrected re
tention volumes % AVAY - (Tables 1-3).
should be noted, that it is experimentally im

possible to dlstlansh between two compo-

nents whose refative corrected retention

volumes differ by 2% or less, under the con-

ditions of these analyses, since they will

appear on the chromatogram as a smgle

united eak leferences of the order of 5%

are re uneB for compete separation of zones
aks ( ern ard,

o be well within the bounds of experi-

mental error, an arbitrary limit of agree-
ment for relative corrected retention " vol-
umes not to exceed 1.5% was established.
Compounds with values of V°/V" not agree-
ing to within 1.5% are enclosed in paren-
theses (Table 1-3).

When a 0.2-/d sample of the terpene hy
drocarbon fraction was examined by GLC
employlng a stationary | (hl“d phase_consist-
ing of ‘w-buty chohexXIp halate, six major

peaks were observed (Fig. 1). Table 1pre

3.,:‘ !

. .__ug——*rmg {minutes) -

% 1 Gas: Ingutd chrogat(?ggam of the terpene

e

capi Eﬁoul pee
na ed fOI 0 eratn con tOIIS
54 e it

%ble Relative c%rrected retefntlon volumes

of t e fonftlnents of the terEeng raction o the

Gy oyt ot jaonary 1
utylcyc ohexy pht aate (D-limonené'="1 Oe)

K /K

Peak Unknown  Known Compound

I 0.612  0.626 éa Pinene)

la 0.683  0.685 amphene

lh 0777 0778 13-Pinene

2 0826  0.836 Mzrcene

3 0.906  0.907 hellandrene

4 1.00 1.00 D-Limonene

5 1.06 1.06 )B-Phellandrene

6 121 121 >-Cymene

6a 1.33

6b 1.37

7 2.00

“See Table 4 for operating conditions.

%ble 2. Relative c%rrected retentlon vol mes

SLLATE TS, of the Leipeng, acion 1

veengo* % Ismonene = 00@ ye

VBV ¢

Peak Unknown  Known Compound

I 0541 0559 éa Pinene)

la 0607 0613 amphene

ih 0690 0691 fi-Pinene

2 0862  0.856 0-Phellandrene
0.860 Mztcene

3 100 100 P imonene

4 103 103 J-Phellandrene

5 130 130 [>-Cymene

ha 145

6 2.74

“See Table 4 for operating conditions.

%ble 3. Relative c rrected retentlon volumes
of t e fon t|t ent]s of e ter eng fraction of the
f_SXEéI [} 041348 nus molle L %tattonary phase:

2-R |monene- 1.00

Peak Unknown Known Compound
I 0488 0491 a-Pinene

2 0836 0843 Mgrcene

3 0862 0863 a-Phellandrene
4 1.00 1.00 D-Limonene
5 105 105 13-Phellandrene
6 146 14 [>-Cymene

*See Table 4 for operating conditions.
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Table 4. Operating copditions for capillary chro-
matograph%pcoqulm S yldjrogen-{lamglde ectclong.

O T

Column length (ft) 150 100 100

Column I.D. (inches) 0010 0010  0.010
Column tempera-

ture (°C) 100 50 100
Injection-block

temperature (°C) 90 100 125
Detector-oven

temperature (T ) 170 90 90
Hydragen flow

rate (ntl/min ) 20 20 20
Air flow rate

(ntl/min) 1500 1500 1500
Xitrogen velocity

(cmisec) 10 9.8 9.9
Injection split ratio  1:600 1:600  1:600
Sample size ( ) 02-15  0.2-05 0.2
Recorder range (mv) 10 10 10
Chart speed {in./hr) 15 15 15

sents relative corrected retention volume
data for these peaks (numbered 1 through
6). Only peak 1 exceeds the 1.5% limit of
agreement for relative corrected retention
volumes; in this instance agreement is 2.2%.
When larger samﬁles were introduced into
the chromatograph, eg. 15 /d, five addi-
tional peaks appeared on the chromatograms ;
these are indicated as Reaks |a, Ib, ba, 6h,
and 7 (Table 1). These five peaks are
present In the sample in minute  amounts,
and gross overloading of the chromato-
graphic column is necessary to make them
evident. .

Relative corrected retention volumes for
the components of the sample were deter-
mined on a second stationary liquid phase,
Tween-20.  Once again, SiX major peaks
were found when 0:2-/d samples were ex-
amined. Increasing the sample size to 0.5
d revealed three additional peaks, la, Ib
and 5a (Table 2). Peak 1 exceeds the limit
of agreement by 1.7%. o
~AS an additional check on identity, rela-
tive corrected retention volumes for the com-
ponents of the terpene fraction of the ail
were determined on a third stationary liquid
phase, LAC-2-R-146 (Table 3). Once again,
six major peaks were evident on the chro-
matograms. In no case did the values for
relative corrected retention volumes exceed

the 1.5% limit of agreement using this col-
umn. No attempt “was made t0_ increase
sample size to the point of overloading, since
the experiments discussed above showed that
such procedures destroyed the columns.
Based on the?]e data, It appears that the
major tergene nydrocarbon " Components of
the oil of Schimis molle are: a-pinene, myr-
cene, a-phellandrene, D-limonene, yS-gheIIan—
drene, and the non-terpene p-cymene. The
minor terpene _constituents ‘appear to_De:
camphene y8-+)|nene, and three unidentified
compounds.” There is excellent agreement
among the identities determined on each of
the3 thiree stationarv liquid phases (Tables

Our fmdmgs are also in agreement with
those reported by various authors as to the
presence of the phellandrenes, and a-pinene.
Examination of Fig. 1 indicates a large
amount of a-phellandrene, roughly equal
amounts of myrcene and D-limonene, a
sllﬁhtly lesser amount of /J-phellandrene. and
still. Smaller amounts, of a-pinene and
[-cymene. Although this latter compound ts
not'a true terpene hydrocarbon, but an aro-
matic hYdrocarbon,_ Its presence has_ been
frequently reported in the terpene fraction of
many essential oils (Clark and Bernhard,
1960). Since it appears in this fraction on
a chromatogram, it was included under the
heading “terpene hydrocarbon” fraction.
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RESEARCH NOTE

Pectin Content of Ralsins
M. ALICE BROWN, JAMES R. WOODWARD, anda FLOYD DeEDS

Western Regional Research Laboratory, Agricultural Research Service,
V. S. Department of Agriculture, Albany, California

During an investigation of tlie methanol
content “of raisins, information as to_ the
quantity of the pectic substances in raisins
was deSired. No information could he found
on the quantity of pectic materials in raisins ;
the values reported for water-soluble pectin
in grapes range from 11 to .28% on a
fresh-weight basis (Kertesz, 1951 : p. 302).
This note reﬁorts the content of pectic sub-
stances in Thompson seedless raisins,

Two lots of Thompson seedless raisins
from the 1961 California crop were ana-
lyzed. One was prepared in the laboratory
as follows: Grapes were dried 48 hr_at
150°F in a cabinet dryer, and the resulting
raising  (moisture _ content 10-12% ) were
stored under refrigeration (4°C) without
chemical treatment until the analyses were
ﬁerformed. These raisins are referred to
erein as_ “laboratory prep." The second
lot of raisins was obtained from a commer-
cial_ pack prepared by sun-drying and proc-
essing by the usual procedurés émployed in
the raisin industry. These raisins are re-
ferred to herein as “commercial.”

The_water-soluble pectin was extracted
from 50 g raisins and determined as anhy-
drouronic  acid by the carbazole method of
McComb and McCready (1952).

The total pectic substances were extracted
bX the method of McCready and McComb
(1952), and portions of the resulting solu-

b4

tion were analyzed for anhydrouronic acid
ngtshze method” of McComb and McCreadv

" The values obtained for pectic substances
In raisins are shown in Table 1 The two

Table 1. Pectin content of raisins.

Laboratory ~ Commercial
e “ e

Water-soluble pectin 2.25 2.14

2.38 2.20
Total pectic substances 104 93
95 96
102 9.2
9.0 8.2

samples of raising studied contained similar
quantltles of pectic materials ; approximately
% of the weight of the fruit was pectic
sulbsg?nces, 25% of the latter was water-
soluble.
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SUMMARY

Methods of preparing alcohol-insoluble solids from apple tissue and differ-
ent extractives were compared. Marked differences were found in extractability
of pectins present in marcs prepared in various ways from the same lot of
apples. Enzymatic browning during preparation markedly decreased the sol-
ubility of pectins but did not alter the composition of pectins extracted. The
solubility of pectins present in fresh or dried commercial apple pomace was
markedly lower than that from carefully prepared non-oxidized aprIe tissue.
Pretreatment of browned marc preparations with chlorous acid bleached the
marcs, yielded colorless pectins, and increased Jle|d8 with some preparations.
A variety of solvents were used, and the yield of pectins obtained differed
markedly. The pectins extracted were precipitated by alcohol and character-
ized by determination of anhydrogalacturonide content and esterification de-
gree. Some measurements of intrinsic viscosity were made, but without exten-

sive studies of the molecular weight and degrée of polymerization.

. The occurrence of pectic substances differ-
ing in solubility and ease of extraction has
been known since 1848, when Fremy first
reported the existence of a water-insoluble
precursor of pectin (Fremy, 1848), now
designated_as protopectin “after Tschirch
(1909). The pectic substances in plant
tissues are known to be composed of water-
soluble. pectins, of water-insoluble but hot-
acid-soluble compounds, and of water-insolu-
ble and hot-acid-insoluble PGCIIC substances
that are extracted with hot dilute solutions
of alkali or ammonium oxalate. The pectic
substances present in the cell wall differ from
those in the middle lamella_in solubility and
histochemical properties. The quantlt}/ and
composition of pectic substances obtained
from a particular tissue sample are known
to vary with : the origin of the specimen (the
species and variety of plant, the type of tis-
sue, the soil and “climatic condjtions under
which it was grown, the stage of maturity at
which it was harvested, etc.) ; the methods
used in the preparation of the tissue (the care

taken in preventing post-harvest physiologi-

cal changes, the degree to which, microbial
and enzymic activifies were inhibited, the
method ‘and degree of comminution used,
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and the nature of the preliminary treat-
ment) : the method of extraction {relatlve
Proporhon and kind_ of solvent used, the pH,
emﬁerature, and time of treatment) ; the
methods used in separating the pectins ex-
tracted from other soluble matters ; the type
and extent of purification followed before
analysis ; and the analytical procedures used
In assav and characferization. Systematic
investigations of these and other factors are
limited” (Joslyn,_ 1962?.

While a considerable amount of data are
available on the chemical composition of
extracted Pectlns, investigations of the rate
and extent of extraction of pectins from
plant tissue preparations are limited. Only
rarely have data been reported on the basis
of which the completeness of extraction
could he estimated. Most investigators have
selected conditions for extraction that would
Yle|d the, hlthhest quantity of the pectin with
he particular properties desired. This is
particularly true of the data reported, partly
In the scientific publications but,largely in
Patent literature on the commercial exfrac
jon of}gectlns (Bender, 1959: Hottenroth,
1951 Kertesz, 1951: Maass, 1951: Ripa.
1951 and Rooker, 1928). The older meth-
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ods for extracting and an,aIP/zmg pectic sub-
stances from Plant materials have not been
entirely free from criticisms d(e.g.. Kertesz,
1951). In much published data the plant
material has not been carefully selected or
sufficiently characterized, and” post-harvest
physiological changes, enzymatic chan?es,
and microbial activity during preparation
and extraction have “not beén eliminated.
Pecting similar to those actually occurring in
plant tissues have not been. obtained, because
of the difficulties in avoiding degradation
during extraction. Only recently have pro-
cedures been introduced for the characteriza-
tion of Bectlc substances in situ ((lee ct ar.
1958, 1959).

The recently introduced methods for ex-
traction of _pectins, are considerably less
drastic, and jiewer methods of analysis better
characterize the pectins extracted gBender,
1959; Berglund, 1950; Deuel, 1943: Does-
hurg, 1959%; [lenglein, 1947; Mills and
Speiser, 1946: and gZhvens ct al.. 1952).

The use of acids for the extraction of
pectins from plant tissues, both for analytical
preparation and for commercial production,
Is now well established, thouPh the chemistry
of this transformation is still’ unknown. The
characteristics of the acid-soluble pectins and
the nature of the bonds_broken by acids are
still largely unknown. The historical devel-
oPment and present status of our knowledge
of the chemlstrY and structure of frotopectm
are presented elsewhere (Joslyn, 1962). The
effect of method of preﬂarlng apple marc
on the extractability of the pectins present,
and the yield and properties of alcohol-in-
soluble pectins obtained from Schiner von
Boskoop a?,ple marcs extracted under fairly
mild conditions, are presented in this ,?aper.
This variety was selected because it was
investigated” fairly extenswelg/ by Eggen-
ber]ger (1949) and used by Schlubach and
ltoffmann-Walbeck (1949). Apﬂles as a
fruit have been mvestllgated more thoroughly
than other fruits (Kufme, 1958; Smock and
Neubert, 1950 ; Wiley and Stembridge. 1961 ;
and Woodmansee ct al.. 1959). ,

The quantity of pectins extracted was esti-
mated by yield of galacturonide found, and
the pectin$ obtained were characterized by
measurement of percentage of galacturonides
that were esterffied. Some measurements of

molecular size were obtained by measurinﬁ
relative and intrinsic viscosity, hut not a
the extracts obtained were so"characterized.

EXPERIMENTAL

Preparation of marc samples. To obtain data
on the effect of the method of preparation of marc
as well as of ripening in storage on the extract-
ability of pectins, alcohol-insoluble residues were
Rrepared from Schaner von Boskoop apPIes freshly
arvested and after storage at 8°C for various
?enods. The apples were harvested during the
all of 1959 from standard trees on seedling root-
stock, 31 years old, grown in Wédenswil. Switzer-
land, in sod on a sandy loam. Trees with normal
growth and full crop were selected. The trees
were in full bloom on April ¢9, and sound apples
of fairly uniform size (170 g, 72.5-80 mm in
diameter) were harvested on October 1 At pick-
ing, the juice tested pH 3.22, had a total titratable
acidity of 8.05 (as g malic per liter when titrated
top 7.5?, a 5}% gr. of 1.051, and a solids content
of 106 g/L. The solids content of the whole
apple was 14.2(1, in comparison with 10.1((14 in the
juice. Fart of the fruit harvested was used shortly
after harvest for the preparation of marc samples,
and the rest was stored at 8°C at 90(4 relative
humidity (I\H). The pressure test values, deter-
mined with a penetrometer of iV -in-diameter tip.
decreased from 211 |b on October 1 t0.15.0 Ib on
November 9 and 117 Ib on December 7. Marcs
were prepared from freshly harvested apples and
apples stored for 12 daKs, 40 days, and 113 days.

he composition of these marcs is shown “in
Table 1 . .

To minimize changes that mlght occur on drying,
the marc preparations were freed of excess of
70(4 alcohol used in washing by sucking dry under
suction while on Buchner funnels and then press-
ing out the alcohol still present. They were stored
wet at_room temperature in glass-stoppered bot-
tles. Tbe solids content of “these preparations
varied from 107 to 79.0(4, depending on the
physical condition of the tissue obtained. The
marcs were stored 14 months before use. Al-
though Gee ct al. (1958) reported conversion of
esterified carboxyls to free carboxyls in ethanol-
washed and air-dried marcs during storage at
room temperature in one week, and slow esterifi-
cation of pectic substances in plant material Stored
in ethanol for long periods, no squlcant changes
were observed either in extractability of pectin or
in degree of esterification in marc preparations
stored” as above. The data obtained on storage
stability, however, were limited, and a more
thorough investigation of this is necessary,

Marcs 1to 4 were prepared from a preliminary
sample of Boskoop apples. The apples were peeled
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Table 1 Characteristics of Boskoop marcs investigated.

Yield

per 100g @ dry dr 1% % esteri-
Marc Date Material Preparation flesh solids 'fr x ash , 4UA " fication c
o 9/29/59  FAT Bl with 7099 ale, not heated 190 149 08 06 180 838
2 9/29/59  FAT  BI. with ale., heated 208 135 08 06 200 80
3 9/29/59  FAT  Halved, frozenat —20°C,bl. 165 180 09 08 200 . 885
4 929/59  FAT  SL, heated inale., bl. 232 107 07 08 220 835
7100 2/59  PAP  Alc.-presvd. pomace 52 285 08 09 260 80w
8 10/ 2/59  FAT  BI. withale. heated 200 149 07 . 12 184 85
13 10/12/59  FAT Bl with ale., heated 156 148 07 08 163 75
14 10112/59  FAT  Dehydr. inale, bl. in
acidified ale. 25 190 09 06 137 80
15 10/12/59  FAT Sl into ale. at —50°C,
bl. after freezing 14 284 08 14 292 85
21A 11/10/59  FAT Bl with ale., not heated 105 218 09 09 k7 810
21B 11/10/59  FAT Bl with ale., not heated 148 144 10 05 30 810
22 11/1059  FAT  BI. with acidified ale. 79 246 08 00 k18" 745
23 1/21/40 ~ PAP  Alc.-presvd. pomace 323 12% 14 3H0 85
26 121/40  FAT Bl with water, thenwithale. 86 313 07 09 280 875
21 1/21/40  FAT  Asinl4 149 189 11 03 302 807
28 121/40  FAT  BI. with ale., heated 41 %3 11 11 305 98
“FAT = fresh apple tissue. . PAP = pomace after pressing.
" 06 “aphydr H) ronjc_acid. e
C s%]etélrdm? eal f}gn? tFtrgtclgn before and after saponification.
the fruit,

and cored, stem and calyx removed, and samfles
of the apple tissue then”prepared. In marc 1 a
250-g portion of app[le tissue was cut directly into
the glass jar of a Turmix blender containing 600
ml of 95Jc ethyl alcohol, and blended 5 min at
half speed. Two lots of the alcohol-blended mix-
ture were prepared and allowed to stand in alcohol
overnight. The mixture was then filtered through
26 G2 sintered-glass filters and sucked drg. It was
mixed on the funnel with 500 ml of 7099 alcohol,
and after this was separated, again treated with
another 500 ml of 709c alcohol, and the residue
was finally covered with a third portion, which
was allowed to percolate through, without suction,
overnight. The residue was again washed with a
fourth “portion of 7099 alcohol. The alcohol mix-
ture initially prepared, browned during blending,
and was quite brown in color on storage over-
mqht, indicating that under these conditions the
polyphenol oxidase was not inactivated.

~Marc 2 was prepared by blending cut apt)le
tissue, free of core and skin, with alcohol, but the
alcohol mixture was heated to 78°C on an electric
hot plate and then boiled 30 min at 78-80°C under
a reflux condenser. Initial heatm%;I to the bmlmgi
point required 1 hr. Subsequently, the alcoho
mixtures were heated to boiling on a gas flame
within 5-10 min. After heat inactivation, the mix-
ture was allowed to cool overnight, and then fil-
tered and washed with 7099 alcohol as above, A
whlte_nlwrc was obtained free from any oxidized
material.

Marc 3 was prepared by first halvmq
separating the core and calyx, and allowing the
apples to freeze overnight at —20°C. The «ext
day the fruit was peeled while frozen, and cut into
precooled alcohol, blended, and washed with 7099
alcohol as in marc 1 This was the procedure that
Hulme ?1936)' recommended to minimize dénatu-
ration of proteins and other constituents. _

Marc 4 was prepared from fruit tissue cut .into
alcohol heated on a hot plate to 70°. The fnixture
was brought to 80° in 15 min instead of 1 hr, as
with marc 2, and treated as was marc 2. Owens
et al. (1952) recommended this procedure, in which
enzyme activity is destroyed by slicing the plant
tissue with a sharp knife to avoid bruising, drop-
ﬁmgz_ the sliced tissue directly into hot alcohol and
eaing the mixture, whose™ final alcohol concen-
tration should be not less than 7099 (by vol.]) at
a temperature above 70° for 12-18 min. They
actually did not report data on the inactivation of
pectic “enzymes under these conditions, nor did
Schlubach”and Hoffmann-Walbeck (1949?, who
used a similar procedure for inactivation of pectic
enzymes in apple slices, but based their choice of
conditions on previously reported data on heat
inactivation of pectin €sterases in aqueous solu-
tions, Marc 3 was grayish-brown and 4 was
reddish-brown. 1

Marc 7 was pre?ared from pomace after ex-
pression of juice from firm apples. This 1was
prepared by crushing 17.5 k?

_ [ of whole apples
and pressing to yield 128 L o

juice and 3.03 kg
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of pomace, which was mixed with an equal weight
of alcohol. It was dark reddish-brown. The alCo-
nol-preserved pomace_was stored 8 days at (°
before preparation.  Two-hundred-gram” portions
of this pomace were blended with 200 ml of 95%
alcohol, allowed to stand overnight, and then fil-
tered and washed as above.

Marc 8 was prepared from a sample of the same
lot of Boskoop apples used in preparing the pomace
above. This was prepared as was marc 2

Marc 13 was prepared from apples stored 12
days at 8°. Five-hundred-gram portions of apple
tissue were cut into 1 L of 95% ethanol in a
large plastic Turmix jar, blended 5 min at half
speed, and then transferred, with an additional
240 ml of alcohol, into a 3-L Erlenmeyer flask
heated to 78°C over a gras burner, and thien boiled
30 min under reflux. The hot alcoholic mixture
was allowed to stand overmqht, and then filtered
and washed with 70% alcohol as above.

Marc 14 was prepared from the same lot of
apples by the procedure of Gee et al. (1958). Two
thousand one hundred and twenty-five grams of
peeled and cored apple tissue were cut into 3 L
of 95% alcohol and allowed to stand for 3 hr.
Appreciable phenolase-catalyzed enzymatic brown-
ing occurred on the surface, and particularly in
the interior of the sliced apples. The alcohol was
strained through nylon cloth, and the excess o:
alcohol was pressed out of the tissue, which was
swollen and spon?y. Three-hundred-and-fifty-gram
portions of this tissue were blended with 1 L o
acidified alcohol (750 ml 95% alcohol, 50 ml
concentrated hydrochloric acid, and 200 ml water)
to yield a réddish-brown slurry. The  blended
mixture was filtered throu%h -2 _sintered-glass
filters to yield a cloudy brown filtrate and a
spongy brown marc. _ ,
~ Marc 15 was Frepared by cutting apple tissue
into 95% alcohol precooled to —0° with solid
carbon dioxide. This was stored overnight, and
then blended, filtered, and washed with 70% al-
cohol. This preparation yielded a white porous
marc.

Marc samples 21 to 28 were prepared, as indi-
cated in Table 1, from stored apples, except marc
23, which was prepared from apple pomace ob-
tained by crushing and rpressmg 1 kg of stored
anIes to yield 4 k? of pomace preserved with
alcohol and_ 129 L o éume. This was prepared as
was marc 7. Marc 26 was prepared by blending
600-g gortlons of apple flesh, free of skin and core,
with 250 ml water at high speed to yield a smooth,
thick puree, which was mixed with "sufficient alco-
hol to give a final alcohol concentration of 70%
and then treated as was marc 1

In addition to these marcs, four samples of marc
were prepared from Thurgauer Weinapfeln ob-

Table 2. Giaracteristics of Weinapfel marcs.

EAT bf%A\lothh R radiy-
bl. imtﬁ waler. presY]d. grlel(!
ey MV T ol
Yield, g marc per

100 flesh 286 28 625 154"
Solidscontent, % 127 161 273 450
Nmogen, % 12 08 10 12
Ash, % 09 07 10 10
%AUA 183 206 107 144
% esterification 800 835 870 82.5

*FAT = fresh apple tissue. FAP= fresh apple
omace

mgb\ﬁgeo%i Eglrl d%pOg dried pomace of marc contain-

tained from Obipektin A. G, Bischofszell, on
October 6. These Included preparations from fresh
apples used for cider making, factorY-pressed
apple pomace mixed with an equal weight of 96%
isopropanol, and factory-dried pomace. Table 2
shows the composition of these marc preparations.

These Freparatlons were typical of the types of
marc that could be obtained.” That from the apple
pomace, containing skin and core tissue, was rep-
resentative of the polyphenolase-oxidized brown
marc commercially used for pectin extraction. That
from the apple flesh represented a marc in which
enzymatic oxidation and other enzyme activity,
inc udm% pectase, was inhibited by heat inactiva-
tion. The latter was used in a large series of
comparative extractions to determine “the relative
effectiveness of various reagents. Both prepara-
tions contained appreciable quantities of starch;
the starch content of the pressed pomace was
considerably lower because many of the starch
granules present were removed with the juice. In
oth, considerable quantities of starch were sepa-
rated bfw’ the initial washm?_ with 70% of alcohol,
although this was not continued until the filtrate
was carbohydrate-negative to anthrone. The starch
content was not determined.

Eggenberger  (1949) reported, for Boskoop
apples harvested on September 28, 1946, averag-
ing 158.0 g in weight and 72.9 mm in diameter, a
total solids content of 16.0%, a total titratable
acidity of 12.85 meq per 100 g fresh wel(ﬁht, and a
starch content of 0.58%. The alcohol-insoluble
solids content calculated from his data amounted
to 4.8%, the total Fect_m content 0.71%. The
esterification degree of this pectin was 78.5%, and
73.9% of the total pectin was extractable under
his conditions (heating 50 min at 92°C at pH 3.1-
3.2 in the presence of 16 g of Calgon ger liter).
The extracted pectin had a purity of 64.3%, an



JOSLYN AM) DEUEL 69

esterification degree of 78.6%, and an equivalent
weight of 918, = _

Pectins in apple juice. It has been believed that
pectic substances that are more readily soluble
and the first to be extracted are lower-molecular-
weight  more-higbly-esterified  polygalacturonides
gBa er and Woodmansee, 1944 Myers and

aker, 1929; and Booker, 1928). In commercial
practice it was customary to wash the apple
pomace with water to remove water-soluble con-
stituents, including the more readily soluble pectins
believed to be of lower molecular ‘weight. To ob-
tain some data on the _Propemes of water-soluble
pectins, alcohol preuP_l ates were prepared from
Juice expressed from firm, freshly picked Boskoop
apples and from similar apples after cold storage.
Since these preparations were found to contain
considerable amounts of nitrogenous constituents,
the nature of this associated material, believed to
be protein, was investigated. The occurrence of
proteins in alcoholic Ereu itates from apple juice
was_already known remy (1848I) and " was
confirmed by Tromp de Haas and Tollens (1895)
and Fellenberg (1914). .

The following alcohol precipitates were prepared
from apple juice. _

Preparation 6. This was obtained from the 128
L of juice pressed out of 17.55 kg of apples har-
vested on October 2, 1959. Decanted free of starch
that had settled out, 11.1 L of the juice were con-
centrated at low temperature in vacuo to 2.75 L.
Attempts failed to clarify the concentrate by cen-
trifuging. The concentrate was stored overnight
at 0°C and centrifuged again. Aliquots of con-
centrate centrifuged at 20,000 rpm were LUSt as
cloudy as those centrifuged at 3000 rpm, but the
latter” removed starch granules and other insoluble
matter. The concentrate was mixed with sufficient
alcohol to bring the mixture to 70% alcohol and
stored overnight at 0°. The granular alcohol pre-
cipitate was separated by centrifugation and trans-
ferred to 0-2 sintered-glass funnel for filtration
and washing. It was filtered dry under suction,
washed four times with 70% alcohol and then with
95% alcohol and ether, and sucked dry. From 243
L of concentrate were obtained 1.534 g of material,
equivalent to 0565 g per liter o Euwe. The
material was brown and contained 2.2% N and
7.1% ash on a moisture-free basis.

To purify this preparation partially, 1.00 g w-as
mixed with water, but only a small amount of the
material dissolved and the residue turned bluish
gray and became tar-like in consistency. Tritu-
ration in water gave a dirty bluish-gray dispersion
of the whole preparation. When an aliquot of this
was mixed with sufficient alcohol to bring the
mixture to 70%, a gray tarry sediment and a
brownish-gray suspension were obtained.  Suffi-

cient alcohol was added to bring the concentration
in the material to 64%, but no };rempltatlon 0c-
curred. No precipitate formed at 72 or 76% alco-
hol, but on addition of NaCl a blue-gray rubbery
sediment formed. This was centrifuged out and
washed with 70% alcohol until CI* free, and then
with 95% alcohol and ether. The air-dried material
obtained weighed 0.579 g (58% of original), was
?r_ay|sh-blue, and on a moisture-free "basis con-
ained 2.6% N and 4.2% ash gPr_eparatlon 6A).
Preparation 25. This was obtained from 129 L
of Jlmce pressed out of 21 kg of crushed Boskoop
apples harvested in October, 1959, and stored until
January[ 21, 1960. The residual pomace weighed
4 kg. The juice, treated with ascorbic acid at the
crusher, as ‘before, was light in color but did not
have the o_tyectmnable, grassy flavor found in the
ascorbic-acid-treated juice of firm green apples.
The juice was concentrated in vacuo to 35 L and
stored overnight at 0“C. The concentrate was cen-
trifuged for 15 min at 3000 rpm, and 10 L of 93%
alconol were added to 327 L of concentrate. A
small amount of sediment was obtained, and this
also was mixed with sufficient alcohol to bring the
mixture to 70% alcohol. A voluminous grayish
fibrous precipitate separated from the centrifuged
concentrate. That from the centrifuged sediment
was brown, and more fgelatmous in" appearance.
The alcohol precipitate from the centrifuged con-
centrate was strained and ﬁressed through cloth,
washed with 70% alcohol, then with 95% alcohol,
and finally with acetone, and allowed to air-drv.
Twenty-one grams of a gray-brown preparation
con_tamln% 75.5% solids were obtained, This is
equivalent to 1315 g per liter of original Juice,
This contained, on a moisture-free basis, 2.2% N
and 3.7% ash. From the sediment was obtained
0.7484 g of brown precipitate containing 90.4%
solids and 3.1% N and 10.4% ash on a moisture-
free basis. o
“Five é;rams of the alcohol precipitate were re-
dissolved in water and reprecipitated with alcohol,
Ylleldmg 25 g of brown-colored material. This
ime, no change was observed in color or consis-
tencr or solubility in water (Preparation 25A).
Alcohol Frempltatlon. “Alcohol precipitation of
aqueous solutions of pectic substances can be car-
ried out by gradual addition of alcohol to the water
extract to a final concentration of alcohol of 50-
63% by volume or by addition of the water extract
to alcohol. The former procedure is widely used
in obtaining alcohol precipitates in Pectm_analysm
because it often yields precipitates that filter and
wash easily. The latter procedure has been used
in polysaccharide investigations. Under the con-
ditions’ established, little difference in filtration
rate was observed with either procedure, and there
was no appreciable increase in yield of alcohol
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precipitate in using one or two volumes of ethyl
alcohol SSO% or 63%). When a final alcohol
concentration of 50% was used, hydrochloric acid
was .added to improve the yield and purity' of al-
cohol" Freupltate. _

Analyses. The total pectin content of the marc
from apple flesh was estimated by several pro-
cedures.  Most of the determinations were made
by the direct titration procedure of Gee ct al.
(1958) and Owens ct al. (1952) and the carbazole
colorimetric procedure (McCready and McComb,
1952) aF_leed to extracts tprepared by the Ver-
sene-pectinase procedure of McCready and Mc-
Comb (1952). In the modification of the carba-
z0le method used, 0.5 ml of pectin solution (Ipre_-
pared by saponifying the pectin extract with alkali
and diluting to contain 0-100 /eg of anhydrogalac-
turonic acid per ml) was mixed with 3 ml of
concentrated sulfuric acid while being cooled in
ice and water, then heated for 20 min In a boiling-
water bath, and cooled in water to room tempera-
ture. One-tenth ml of a 0.01% carbazole in absolute
methanol was then added, and the color of the
pigment was developed for 2 hr and its absorption
read at 540 mg on a Beckman model Il spectro-
photometer. o o

In the direct titration Frocedure, the acetic acid
obtained by hydrolysis of the acetyl groups pres-
ent is included in the titration after saponification.
Gee ct at. (1958? assumed that under their con-
ditions the hydrolysis of acetFI grout)s as well as
methyl ester groups is complete, and they corrected
the fitration "value after saponification” by deter-
mining tbe acetyl content of the marc colorimetri-
cally, by the modified ferric hydroxamate Broce-
dure of McComb and McCready (1957). Pippin
ct al. (1950) and Kertesz and Lavin (1954) re-
ported fairly slow deacetylation at room tempera-
ture, with complete deacetylation of a 0.1-g portion
requiring 3 hr. Since Kertesz and Lavin (1954?
reported apple pectin to contain 0.52-0.63% acetyl,
with an average of 0.58% in six samples analyzéd,
the increase in acidity due to the acetyl groups in
the apple marc would amount to 8 m% of acetic
acid per 1 g of pectin present or 0.153 meg. In
comparison, the increase in acidity for a pectin
containing 10% esterified methoxyl would be 3.22
meq. The acetyl groups in this case would con-
tribute only 4.13% of total increase in acidity on
saponification.  For this reason, correction” for
acetKI content was not applied.

The ash and N content of the samples of marc
and of the alcohol precipitates from the juices were
determined at the micro-analytical laboratories of
CIBA A G. Basel. N determinations were made
by micro Dumas ﬁrocedure, and ash by incinera-
tion at 800°C. The solids content and viscosity
measurements were made as recommended by

Owens ct al. (1952). The nonuronide sugars pres-
ent were detected by chromatographic analysis
after hydrolysis with “concentrated nitric acid.

Extraction. Several methods of extraction were
compared. In the first series of tests, successive
serial extraction with a variety of solvents at room
temperature were planned. 1t was proposed to
extract first with water, to continue this extraction
to a negative anthrone test, and then to follow
with solvents selected to remove cations (ethylene-
diaminetetraacetate, EDTA, at pH 6), to break
Erotem-pectm linkages (glutathione, sulfite, etc.)
0 break hydrogen bonds (urea), and finally acid
and alkali to hydrolyze other linkages. Treatment
was planned with “oxidizing agents (periodate,
etc.), with reducing agents _gsodlum borohvdride),
with chlorite to remove lignin, and with Schweizer
reagent to remove cellulose. This Flan was aban-
doned because, in tbe first place, starch continued
to be extracted with water; even after the fourth
serial extraction, starch was Fresent and the ex-
tract gave a positive anthrone test. Extraction was
tried by percolation of solvent through a samﬁl_e
of the ‘marc in a chromatography column. This
was not found suitable, because “percolation was
too variable in lightly pressed marcs and too slow
when these were packed tlght!{. In preliminary
trials, considerable swelling with water occurred
in marcs 1 to 4, most pronouncedly in marc 4.
Then serial extraction was tried by shaking ali-
quots of marc with water and several other sol-
vents. This yielded more consistent results but
required shaking for 24 hr and was_ too time-con-
suming. It was found that extraction was more
rapid when aliquots of marc were blended with
various solvents and then stored 24 hr at room
temperature. Blending comminuted the particles
better than shaking “alone. Continuous stirring
was considered, hut was abandoned because not
enough stirrers were available. Extraction with
hydrochloric acid under various conditions was
investigated more completely, but time did not
ermit comBIetlon of the series of tests planned.
he data obtained are presented in the followin
sections along with the details of the method o
extraction used.

RESULTS

Serial extraction. Ten-gram portions of marc
preparations 1, 2, 3, 4, 13 and 15 and five grams
of marc 14 were weighed out into 250-ml polé-
ethylene bottles and extracted serlallk/ with *20
ml ‘portions of de-ionized water and other solvents
by shaking for 24 hr. The extracts were separated
by filtration through a G-2 sintered-glass funnel,
and the residue returned to the original bottle for
additional extraction. All filtered rapidly exceFt
mare 14. which gelled, and this was subsequently
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extracted with 500-ml portions of solvent. In the
water extracts, starch separated from the filtrates
and continued to do so even in the fourth extrac-
tion. The filtrates, freed of starch by settling or
centrifugation, were poured into 20" volumes of
95% alcohol to precipitate pectins. Alcohol-pre-
ufltated pectins were obtained only with marc
14, and the quantity obtained decreased as extrac-
tion continued : very little precipitation in the third
extract and practically none in the fourth. The
alcohol-precipitable pectins from the cold-water
extracts of marc 14 were combined, filtered, washed
with 70% alcohol and then 95% alcohol and ace-
tone, and dried to yield 0.90 g of pectin from 16 g
of original marc prei)_aratlon,_ representing a re-
covery, on a dry-solids basis, of 11.4%. The
alcohol precipitate” obtained contained 0.9% N and
L17% ash. Its anhydrogalacturonide content, de-
termined by titration, was 61.5%, and the degree of
esterification was 83.5% in comparison with 77.0%
in the marc. The yield of pectin, exEressed as
anhyd{ouronlc acid (AUA), was 52.0% of that
resent.

p_The water-extracted marcs were then shaken
with 0.5% EDTA adjusted to pH 6.0. The EDTA
extracts %ave only a slight amount of J)reupnate
with alcohol, mostly in marcs 1, 13, and 15 The
second extract with EDTA also contained a small
amount of alcohol-precipitable matter. The pre-
cipitate in all cases appeared to be crystalline, and
was_found to_contain appreciable quantities of
EDTA salts. The preparation, on a moisture-free
basis, contained 7.3-7.6% X and 17.5-17.7% ash.
The preparation analyzed by titration contained
52.5% anh%drogalacturomdes of 12,3% esterifica-
tion, but the presence of EDTA in the alcohol
Freupl_tate probably affected both the direct titra-
jon with sodium Rydroxide and the titration after
saponification and ‘acidification. The presence of
EDTA salts in alcohol precipitates was confirmed
subsequently with other EDTA extractions.

The marcs were then extracted with EDTA con-
taining 1% of added thioglycolic acid. No alcohol-
%reupltable pectins were observed, although Gins-

urg (1958) had reported that addition “of tliio-

glycolic acid increased rate and extent of cell
separation in presence of EDTA. This treatment
was followed by extraction with 0.5% EDTA with
5% butanol at pH 6 and with 0.5% EDTA with
7.5 of urea per liter. X'either treatment extracted
an¥ alcohol-precipitable matter.

he final residue was mixed with 0.HV NaOH,
recooled to 0°, and allowed to stand overnight.
he extracts were filtered, and, on acidification,
gectlc acid gel formed in all. When poured into

5% alcohol, the gel dehydrated and only a small
amount of pectic ‘acid precipitate was ~obtained.
The combined precipitate from all seven marcs,
after washing with 70% alcohol until free of CI"
and then with alcohol and acetone, and drying
yielded 170 g of material containing 0.5% N and
4.3% ash. 1t had an AUA content of 28.5% with
an_esterification degree of 16.5%.

The residue after treatment with cold NaOH
was then treated with 200 ml of boiling water,
and, after standing 30 min at an average of 70°C,
was filtered. The filtrates were not found to con-
tain any alcohol-precipitable matter. The final
residues” were washed with 70% alcohol, then 95%
alcohol and acetone, and dried in vacuo at 90°C.
The weight and composition of the marc residues
is shown in Table 3. The residual anhydrouronide
content was_quite low; the titrations” of 200- to
500-mg portions of dried residue required only 1
drop or less of 0.LV NaOH to neutralize the mix-
ture to the Hinton indicator end point, and only
0.1-0.25 ml for ftitration after saponification and
acidification. The esterification values of this re-
sidual pectin were high, and are likely to be in
error because of the low titration values. The
marcs lost 53-74% in weight during the serial
extraction, and 88-99% ftotal of ‘pectin was
extracted. , , _

Comparison of extractives. Five-gram portions
of marc 8 representative of the marcs tested
above, were blended with 250 ml of various sol-
vents for 10 min at half speed in a Turmix blender
and the mixture was transferred, with an additional
250 ml of the same solvent, into beakers and
stored 24-48 hr at room temperature with occa-

Table 3. Weight and composition of final residues of serial extraction.

Marc Weéght 7, N <t ash
0.7 0.7 2.2
2_1 0.6 1.1 .2.0
3 0.7 0.5 1.9
4 0.5 0.5 3.6
13 0.4 Traces 2.1
14 2.1 01 1.6

15 1.3 0.5 5.8

Decrease Uronide

es:{eori'» in ight ex ted

¢C AT.\ location (V\?? ) { >
0.61 66.8 53.0 97.0
0.89 - 733 55.5 96.0
1.07 100.0 61.0 97.0
1.06 75.0 62.5 95.0
1.86 108.0 73.0 88.0
0.89 86.0 73.5 90.0
0.46 84.8 54.5 91.0
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Table 4. Residual uronide content of tlarc 8 after extraction with various reagents.”

S

72
et
Reagent solution so?gtlo
1 Water 59
2 011/ NaCl 6.5
3 0.13/NHCI 53
4 0.L1/NaHSOi 44
5 0.IMNaHPO< 91
6 0IM Na-SCh 111
7 Llurea 12
8 0.0013/EDTA 6.0
9 0013 EDTA 59
10 0.013/EDTA +0.13/ urea 6.0
11 0I3/EDTA+ 1.0M urea 6.1
12 0.013/EDTA +4.03/ urea 6.3
13 0.013/EDTA + hutanol 6.0
14 0.013/EDTA + thioglvcol 42
15 0.13/Na=HPO, 91
16 0.13/Nadi.Ch
17 0ImM NH.OH
18 0.13/amm. oxalate
19 0.3/oxalicacid
20 0.13/hydrochloric acid
21 0.13/ NaOH
22 0.13/Na acetate 18
23 0.13/ Ca acetate 6.8
24 0.13/ acetic acid 30
25 0.023/ cupri amm. hydr. 116
26 0.023/ cupri amm. hydr. 4 Na.SOn  10.6
27 Schweizer reagent air
28 Schweizer reagent NT
29 Cone, ammonia
30 Schweizer reagent air
“5-g portions.
sional stirring. The extracts were then filtered
through 11 G-2 funnels, and the residue washed

with the same solvent. The filtrate was centri-
fuged to separate starch, and then added to an
e?ual volume of 95% alcohol acidified with 15 ml
of concentrated hydrochloric acid ﬁer 500 ml of
alcohol, As shown in Table 4, the pH of the
extraction_mixtures before filtration varied from
15 to 11.7 and higher. The marc samples treated
with extractives 1'to 14 were stored for 48 hr at
room temperatur_e before filtration. Only a slight
amount of gelatinous precipitate was observed in
extracts 1-4, but more was present in 6-8. In
extracts 8 and 9, a white (iranular material sepa-
rated out, markedly in 9. 1t was suspected to be
EDTA, The addition of 1 vol of the original
extracting solutions 1-14 to 1 vol of acidified
alcohol Tesulted in precipitation only with 9
(0.01.1/ EDTA). In the presence of even a slight
amount of calcium chloride, a more copious pre-

Resiyal % oo uroni

1 Bl(tﬂﬁe (p) f?caﬁ%lﬁ eoxturgl%rt]elgI
53 159 91.0 00
40 138 98.0 136
41 147 %5 13
41 159 88.0 00
8.9 il 815 430
8.9 5% 69.0 655
6.6 141 915 113
6.0 159 91.0 0.0
59 131 91.0 187
58 129 96.5 181
6.0 129 94,0 192
6.4 u7 97.0 26.0
6.0 123 98.0 226
42 129 9.0 192
8.7 87 825 53.2
91 29 75.0 820
103 45 88.0 718
6.2 131 %5 1751
15 116 805 201
13 110 795 192
117 27 83.0
90 28 90.0 825
9.2 65 40.6
30 143 84.0 102
113 53 35.6 66.5
106 53 406 66.5
0 100.0
m 217 305
23 88.0 86.0
20 545 875

cipitate formed. In preparing reagent 14, 9 ml of
an 80% pure thlo%_lycollc acid “were added to
EDTA and the solution was then neutralized with
NaOH. It was planned to brln? the EH to 6.0.
but even after addition of 140 mI of 05N NaOH
the solution remained acid. Extracts 15-30 were
stored for 24 hr but, as comparison of 5 and 15
shows, extraction was as complete in 24 hr as in
48 hr. Extractions 25 and 26 were made with
reagents as prepared by Kolthoff and Stricks
(1951).  Cupriammonium™ hydroxide with sodium
sulfite was proposed as a protein solvent by Swan
(1957) and used in extracting proteins of wheat
by McDermott and Pace %19 95. Extractions, 27
and 28 were made with freshly prepared Schweizer
reagent. The marc blended with Schweizer re-
a%ent in air and stored for 24 hr dissolved com-
pletely, leaving onlgl a few hard particles. In the
experiment with Schweizer reagent in nitrogen,
the reagent was deaerated and added to 5-g por-
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tions of marc under an atmo_sgher_e of nitrogen and
the mixture was stirred with nitrogen. In com-
parison with this, another portion’ was treated
with Schweizer reagent added without blending.
The alcohol precipitates with reagents 15-30 were
appreciable except with 18, 20, and 24. Copper
was present in residues from extractions 25-28 and
30. The residue from 25 was blue and gelatinous;
26 was brown and gelatinous; 27 was too small in
amount; 28 was light-blue and gelatinous; and 30
was deep-blue and granular.

The residues of the extracted marc samples were
washed with 70% alcohol and then with 50 ml
water. Residues from extractions 25, 26, 28, and
30 were heated first with 200 mI of alcoholic hydro-
chloride to remove cupric salts present. It was
difficult to remove all copper from 28, and a large
excess of alcoholic HC1 had to be used. Then these
residues were washed with 70% alcohol until free
of CI", and finally with 50 ml water as above. The
residual uronide “content was determined by titra-
tion before and after saponification. The "results
are_shown in Table 4.

The alcohol precipitates were separated from the
acidified alcohol by centrifugation, and this was
tested to determine” whether additional matter pre-
cbpltated on increasing the alcohol content from
50 to 75% by volume. Additional frempltate was
obtained only with extracts 25, 26, 29, and 30. No
weights were obtained for alcohol precipitates from
extracts 5, 6, 9, 16. 16, 17, 19, 25, 26, 27, and 30.
The remainder of the samples were washed with
70% alcohol until chloride-free. The chloride-free
alcohol precipitates obtained from various extracts
were analgzed by titration, with the results shown
in Table 5. . _

There is a considerable discrepancy between the
values for uronide extracted, calculated from titra-
tion of marc residues and those found by titration
of the alcohol prec![mates. Since neither the resi-
dues nor the precipitates were fmel_¥ ground before
titration, some error due to slow ditfusion of alkali
into the material was expected, but this should have
been %rea.te_r_wnh the marc residues and greater
with the initial titration than with the back titra-
tion. The marc residues may not have been washed
sufficiently and undoubtedly ‘contained more cations.
Titration "of ammonia-treated materials is subject
to error, as pointed out by Joseph et al. (1949).
Joseph ct al. (1949) reported that the esterifica-
tion degree of ammonia-demethylated pectinic acids
by titration was too high because both NH,+
bound carboxyls and acid amide groups are In-
cluded. The "data clearly show, however, that
neutral sodium salts such as NaCl extract more
pectin than ammonium oxalate, even at room tem-

erature, as was also found at 100° by Shioiri and

aginuma 11954). and that hydrochloric acid ex-

tracts more pectins than acetic acid and possibly
oxalic acid. With alkaline salts and alkalis, the
anion has more effect than pH since sodium borate
at pH 9.1 extracts almost as much ﬁectln as sodium
hhdromde at pH 117, and more than ammonia at
pH 10.3. Sodium sulfite at pH 8.9 extracted more
pectin than sodium phosphate at pH 8.7.

The Schweizer reagent was found to extract
apple starch as well as Rectm, cellulose, protein,
and other constituents. The starch was present in
solubilized form in the alcohol precipitate and was
removed only by prolonged leaching with hot
water, in_which “the copPer pectinates were not
soluble. The pectins extracted with Schweizer
reagent after precipitation with alcoholic HQ
treatment with hot water to_remove starch, and
washing with 70% alcohol until chloride free, were
found fo have an esterification degree of 92.5%.
This value is probably too high, because of errors
due to ammonium ion and acid amide groups, but
it does indicate that demethylation is less than in
sodium hydroxide extracts. “Pectin swells readily
in Schweizer reagent and forms a cupric pectinate
gel. Pectic acid, on the other hand, does not swell,
and is not dissolved by Schweizer reagent.

Sucharipa (1924) reported that, after prolonged
extraction with Schweizer reagent in air at 0°C
the residual pectins present in a dried lemon peel
preparation, when extracted with hot water at 0.5
atmosphere, 50% sucrose solution and 0.5% am-
monium oxalate, yielded pectins of mcreasmgly
lower methoxyl content. It is likely that, under
his conditions, de-esterification occurred both dur-
ing treatment with Schweizer reagent and during

g;ﬁ%%fw%?ﬁ‘éﬁ"?%?ﬂ B ortte. Wi

Ur%rgidf Ié)set Fleﬁc%f U onided
Extract ¢ nige % ex%%je
I 2.1 17
2 65.5 935 414
3 53 34
4 835 935 25.0
I 3L5 86.5 25.0
8 1085 90.5 68.6
10 404 78.0 25.6
ik 458 825 29.0
12 61.7 84.5 39.0
13 487 780 308
14 289 835 183
18 305 81.0 193
20 71.0 785 449
22 517 795 2.1
23 208 80.0 132
24 5.1 785 159
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E_ectin extraction. Branfoot (1929) reported prac-
ically complete solution of apple solids on treat-
ment” with ‘Schweizer reagent in air, just as we
observed. _ _

At room temperature, 0.1.1/ sodium hydroxide
extracts at least 839! o_f the pectin present in the
marc prepared from firm apples, but at 0°C it
extracts less than half this quantity, and the
sodium pectate obtained still contains” appreciable
quantities of nonuronide sugars. _

Marc vpreparatlon 8 (149.2 go) treated with 800
ml of 1.V NaOH for 65 hr at 0° and filtered gave
a filtrate that, after acid hydrolysis, confained no
detectable_ﬁa[acturomc acid, and a residue that
washed with water to pH 12 also yielded a filtrate
that contained only traces of galacturonic acid.
The washed residue suspended in 0.1.1/ XaCl and
adjusted to pH 7.8 with HC1 also gave a filtrate
free of 8a|acturon|c acid. The final residue, heated
with 1100 ml of water at 100°, Pave a filtrate that
Contained galacturonic acid, galactose, and arabi-
nose. This filtrate was poured into two volumes
of alcoholic HCL 1900 ml ethanol and 100 ml of
10Y HC1). The alcoholic precipitate, after wash-
ing with alcohol and drying at 40°C, gave 2.758 %
of material. This had a_%alacturomde content 0
54,491, representing a yield of 12.09' on a dry
solids basis and a yield"of 30.29! on the_ basis of
uronide present in"the marc. In a previous test,
Overnet 519592 found that under similar condi-
tions 47.729! of the pectin present in apple pomace
and 32.099! of the pectin present in pear pomace
could be recovered. These pomaces were treated
with alcoholic hydrochloride for two days to re-
move cations, washed chloride-free with 709!
alcohol, dried at 45°C in vacuo, and ground to fine
powder before treatment with alkali.

Extraction with_hydrochloric acid at room tem-

perature. To obtain "data on the effect of method
of preparation of marc on the solubility of pectins,
samples of marc preﬁaratlons 1 to 14 previously
dried in vacuo, wei |ng1 0.50-2,00 g, were mixed
with 20 ml 1Y hydrochloric acid and allowed to
stand 5 days at room temperature. Then they
were_mixed with 200 ml water SH was adjusted
to 35 by addition of 43-45 ml of 0.5.1/ XaOH, and
the mixtures were allowed to stand for 1 day to
solubilize the pectins. The extracts were then
filtered, and the total pectin_ extracted was deter-
mined by carbazole assay. The data obtained are
shown in Table 6. In the Boskoop marcs, more
Pectm was extracted from marcs 13 and 14 than
he others. Marc_14 prepared hv treating cut
apple tissue with 709! alcohol and then blendm?
with alcohol acidified with HCL, by the Gee ct al.
(1958) procedure, yielded the most, and marc 4,
Brepa.red b%/ first heating cut flesh in alcohol before
lending, the least. The marc prepared from apple

pomace, 7, yielded about 509! less pectin than 8.
?repared by heating the alcoholic mixture of the
ruit flesh “after bIendm?. The W'einapfel marcs,
9- 12, yielded appreciably more pectin than similar
Boskoop marcs.  The factory-dried pomace, 12,
yielded less pectin than fresh apple pomace pre-
served with alcohol, 11; and the marc prePared
by allowing apple flesh to oxidize before treat-
ment with “alcohol, 10, yielded about SO less
?lecHngthan that prepared from heat-inactivated
esh, 9

_ During treatment with .Y HCI, marcs changed
in color; the ongmallg white marcs became red.
and the brown marcs became reddish-brown. The
particles swelled and became gelatinous in appear-
ance.

Effect of acid concentration. To obtain data on
the effect of concentration of hydrochloric acid at
room temperature on the extractabilitv of pectins,
10- ? portions of marcs 7 and 8 were mixed with
20 ml' of hydrochloric acid varying from 0.1Ar to
concentrated, and the mixture was allowed to stand
16 hr at room temperature, Then 250 ml water
were added to each preparation, and sufficient 0.5.Y
XaOH to adjust the pH to 32. Sufficient XaCl
was added to the more dilute acid treatments to
adjust them to approximately the same sodium
content, and the mixtures were allowed to stand
for 24 hr with occasional stirring.  They were then
filtered, and the filtrate poured into two volumes
of alcohol to precipitate the pectins. The precipi-
tated pectins were washed with 709! alcohol until
chloride-free, dried, and weighed, and their uronide
content was determined. An aliquot of the pectins
obtained was used to measure relative viscosity
by dissolving 25 mg in 25 ml of solution contain-
ing 0.2 g NaCl, and 0.05 ¢ EDTA adjusted to pH

able 6. Extraction of pectins with 1Y hydro-

chloric “acid.
: ATA
Right resent Al*A
0
e T T ol
21 0.48 865 16.3 189
0.64 1280 248 194
3 0.90 180.0 61.0 339
4 0.57 1254 15.6 124
7 1.29 3454 725 210
8 165 3040 100.0 329
9 054 9.0 36.7 37.2
10 0.68 1400 336 24.0
il 141 151.0 46.2 306
12 2.26 326.0 78.0 239
13 0.69 1128 60.5 53.6
14 0.89 1220 79.2 65.0
5 1.14 333.0 905 211
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Table 7. Acid concentrations used in extraction of marcs 7 and 8.

Sample a ng'?ht Cogyf
-l 1000 0.LY
1-2 1000 10Y
1-3 1000 60V
1-4 1000 120A
81 1002 0.1A
82 1001 10Y
8-3 1002 6.0A
8-4 1003 120Y

INumber identifies marc used (7 or 8) and

.Tagle 8. Composition of alcohol precipitate ob-
tained.

. 04 . .
Sample ng'?ht fb%f ﬁégégn ] P&YE/

7-1 0.1396 370 97.0 134
7-2 0.1560 516 96.0 13
7-3 0.3005 58.3 935 113
7-4 04382 514 925 1.09
81 0.2040 218 975 1.3
82 022 50.0 97.0 181
8-3 0.3382 38.6 94.0 127
8-4 04576 59.2 715 1.08

6 as recommended by Owens et al. (1952). The
alcoholic filtrate was saved, and the content of
lower-molecular-weight uronides was determined
by carbazole assay. The residue after extraction
was washed with "70% alcohol until chloride-free,
and the residual uronide determined by titration.

The conditions of extraction are shown in Table 7
which gives the pH after addition of water and
after addition of alkali. The marcs did not change
in color or texture on treatment with 0.1A HCI
or L0.Y HCL, but on treatment with 6Y HCL they
browned and became gelatinous, and on treatment
with concentrated HC1 the marc from apple pomace
liquefied and became dark-red, and that from fresh
apPIes_ became red-brown and liquefied. As the
data in Table 8 indicate, depolymerization of pec-
ting was apﬁrec_lable_m the presence of 6V and
12.Y hydrochloric acid. This is shown not onl
by a decrease in relative viscosity of a 0.10% solu-
tion but also b){ an increase_in" the concentration
of alcohol-soluble uronices. The degree of esteri-
fication also decreased with increase in acid con-
centration. but this was more marked with the
unoxidized marc 8 than with the brown pomace
marc. The recovery of pectins was considerably
higher from the white marc than from the browned
marc, as shown in Tables 9 and 10. In the latter

u W

il
32

. 0.3 : 125
2.05 . 315 115
175 129 315 50
150 213 315 00
3.15 0 315 125
22 20 315 115
165 130 315 5.0
140 225 315 00

concentration of acid added.

cases the residues from marc 7 were too dark in
color to be titrated except for the final residue.

RATE OF EXTRACTION DURING
ACID TREATMENT
It was planned to obtain data on rate of extrac-
tion of _Fectms from several marcs during treat-
ment with hydrochloric acid at room temperature
and at 40°C,"but time permitted only one run with
marc 14, One-gram ortions of this were mixed
with 5 ml of 05.Y HCL at 40°C, and the mixture
was held 0-48 hr at 40°C. At various intervals
the samples were diluted with 200 ml of water,
adjusted to pH 35, and allowed to stand at room

Table 9. Recovery of pectic substances in ex-
tracts.

W %

Sample
1-1 19 518 89
1-2 37 492 88
1-3 52 1150 198
14 530 1375 314
81 04 44.6 159
8-2 37 1100 36.2
8-3 517 1310 435
8-4 282 210.0 945

Table 10. Composition of marc residues.

0
Sample ﬁﬁgéc( n ff% 0@5&%'

-1

1-2

7-3

1-4 80.0 1135 187
81 875 204 64.8
8-2 83.3 149 475
8-3 615 112 3.6
8-4 60.0 23 12
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Table 11 Yield and composition of pectins obtained during extraction with 05V HCL

[
0 10 522 13
2 90 64.5 13
4 110 67.2 Ji!
8 130 88.2 16
16 140 64.5 58
24 100 60.8 58
32 %0 55.2 5%
48 6.5

temperature for 24 hr. The pectins extracted were
then precipitated with alcohol and analyzed. As
the data in Table 11 indicate, the weight of the
alcohol precipitate recovered increased up toi 16
hr and then decreased until after 48 hr ; no alcohol-
precipitable matter was obtained. The esterification
degree of pectins extracted was constant up to 48
hrand then decreased. The marc initially contained
137 mg of AUA, so that maximum recovery oc-
curred at 8 hr. The data, however, are incomplete
because losses of uronide during washing with
70% alcohol to remove chloride were not included.
The chief changes in nonuronide sugars durlng
extraction were found to be in the glucose an
?alacto_se sugars; the former decreased and the
atter increased in amount as extraction time in-
creased. The pentose sugars appeared to be un-
changed. _ o

The change in de?ree of polymerization of the
Wctms extracted at Tonger periods was surprising.

eber (1944) found that pectins did not change
appreciably in degree of esterification or degree of
polymerization at 40°C in 0.5A" HQ, and the com-
mercial jelly grade of low-methoxyl pectins ob-
tained from apﬁle Po_mace heated “under similar
condition is high. It is possible that the type of
marc used may have affected the results. " Marc
14, an alcoholic hydrochloric-acid-heated marc was
seiet(_:ted because it contained more readily soluble
ectins.
p_Effect of chlorite treatment. During extraction
with hydrochloric acid the marcs reddened, par-
tlc_ularlel in the presence of more concentrated
acid. Commercial apple pectins, on treatment with
concentrated hydrochloric acid, changed from
reenish-yellow  to  dark-brown to red-brown.
ommercial citrus pectin changed from light-yellow
to gra%/-greenl but citrus_polygalacturonic acid did
not change In color. Pear pectin also became
reddish-brown. This color change was suspected
to be due to the presence of leuco-anthocyanins and
other flavonoids. They were recently shown to be

peﬁgggélle () ﬁéZ‘tgﬂh Visoosity C?gf

W

2.15 i 160 780
1% | 130 750
1% 3 124 650
1.9 2 124 670
167 2 109 620
167 6 119 600
147 3 130 690

10 143 650

present in commercial agple pectins in appreciable
amounts  (Kalab and Zitko, 1959). Sugar-beet
Fectms and pectates did not change in color on
reatment with excess of concentrated hydrochloric
acid, A sample of highly purified white apple
pectin, which had been decolorized with chlorous
acid, also remained white, Pallmann and Deuel
(1945) reported that chlorine dioxide was without
eﬁ;ect on viscosity of pectins but had a decolorizing
action.

Preliminary tests indicated that Ipre.trea.tment of
unoxodized white marcs with chlorite in acetic
acid solution_had no effect on recovery of pectins,
but the possible effect of this on recovery of pec-
tins from browned marcs was not mvestlgated. he
effect of treatment with an excess of sodium chlo-
rite was investigated as follows:

Ten-gram samfles of marc greparatlon_s 2, 1,9,
10, 11, 12, 13, 21A, 26, and 23 were weighed out
in duplicate, transferred to Erlenmeyer flasks with
500 ml IN acetic acid, and to one Set (designated
a% 10 mg of Mathison impure NaQCL were added.
They were allowed to stand at room temperature,
exposed to light, for three days, and were then

_Table 12 Yield and comppsition of alcohol pre-
cipitate and extract r}rom cﬁPor}te-treatedp marcg.

Alcohol precepitate

Mgm w%rgﬁt eiﬁtt e%t Re@siue (rae%}k)

[{==]

1% 007 027 055 797
7 23% 009 030 060 605
9 127 01 019 048 705
10 160 011 033 062 705
213 012 046 152 406
12 45 04 075 353 688
13 148 006 04 0712 %5
28219 0% 015 133 108
26 313 011 02 13% 25
28 358 015 021 151 972
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filtered and the residue washed with 200 ml water T?ble &3. AnaIP/ses of ori?inal aCfIiC acid ex-
and with 500 ml OJiV HO. After storage for 2-3 ~ tracts and" alconol extracts from chlorine-treated
days, the cold HC1 extract was separated and the — Marcs.
residue again extracted with OliV. HC1 at 80°C
for 1 hr. The original acetic acid extract, the %% dﬂ%

alcohol solution from precipitated pectins of cold ~ Sample extratt  ( Total
and hot HQ extraction, was analyzed for uronides 9 797 46 83 06

by carbazole assay. The alcohol ‘precipitates from ' ' «
it and cold HCL extracts, afterpwastging free of %a 0 g% gg (83.8)
CI" with 70% alcohol, were washed with 93% : : : 69.9
alcohol and acetone, allowed to air dry, and then 12 25 88 (71.8)
dried for 6 hr at 50°C. The uronide content of 9 105 28 108 841
residue and alcohol precipitates was determined % 12 50 (76.2)
tlzr. titration hbefore and ‘after saponification to 10 705 2.1 11 803
Hinton indicator end point, with the results shown 10a 25 75 (80.5)
in_Tables 12 and 13~ y i 06 32 116 5.4
The uronide content in the original marc prepa- 113 27 6.2 (49.5)
rations and in the alcohol precipitates obtained is 65.8 37 88 813
shown in Table 14, and of the uronide content of 19, ' 39 116 (83'6)
the residues in Table 15 The characteristics of 13 055 17 10 077
the pectin in marc, alcohol precipitates, and resi- T ' 19 7 :
dug are shown in Table 16 . a : : (98.9)
The data indicate that the recovery of pecting ~ 2la 108 25 10 1115
was increased in marcs 2, 7,10, 11, 12, 13 2L, and  2laa 12 08 (110.0)
26, but not in 9 or 2. It was previously found 26 2% 32 35 2317
that treatment of marc 8 with chlorite In 0.IA° 263 09 10 (226.9)
acetic ?_Cld solution at lower levels had no effect 28 972 12 15 1059
on_pectin recovery. _ _ ? 09 106
Tﬁe lower ext?actabﬂny of pectins from oxi- b (1% )

dized marcs may be due to the formation of  “( )= estimated.

Table 14. Uronide extracted from chlorite-treated marcs.

0 i Uronide in alcohol precipitate g@@gd
Sample W C%Jﬂﬂ H%EP r extrdlted
2 9.2

2 0.212 : 0.126 46.8
28 a1 32.2 0.217 80.5
! 0.605 525 88.3 0211 35.0
73 234 145 0.380 63.0
9 0.232 311 285 0.150 64.5
% 390 304 0.146 63.0
10 0.330 4511 570 0.182 55.0
10a 161 175 0.249 155
il 0470 46.0 938 0.19 415
11a 76.3 1095 0.23 50.0
12 0.645 9.1 1232 0.298 465
12a 261 410 0.392 610
13 0.238 38.6 442 0.181 7110
13a 9.3 35.0 0.232 97.0
21a 0.513 89.3 3.0 0.236 46.0
213a 147 90.2 0.347 67.5
26 0.875 89.3 488 0.370 422
26a 186.5 55 0419 430
28 0.775 1005 1278 0.334 432

284 202.0 0.308* 40.0-
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polymerized oxidation products of the naturall
occurring phenolic substrates, which would de-
crease diffusion of solvent into the tissue or the
outward diffusion of solubilized pectins. It is also
possible that combinations of pectins with the
products of oxidation might occur in a manner
similar to the recentlg reported inclusion of sugars
in lignins produced by oxidation of their precur-
sors in the presence of sugars (Freudenberg and
Grien,. 19592. These hypotheses were tested by
oxidizing catechol, chlorogenic acid, or apple tan-
nin extracts in the presence of pectins, hv poly-
Bhenolase preparations, in the presence of chlorite-
leached purified pectins, and In presence of com-
mercial apple pectin. Oxidations of catechol and
apP_Ie tannins occurred readily at pH 6, but oxi-
dation of chlorogenic acid was much less. Oxida-
tive browning was more pronounced with commer-
cial apple pectin than with purified pectin. An
increase of viscosity was observed in solutions
contammﬁ pectin, phenolase, and catechol or apple
tannins, hut precipitation of pectins did not occur
under the conditions used.

In the industry it has been observed that the
extractablh(tjy of " pectins from apple pomace de-
creases in drying, and that the decrease is ?reater
when _dryln% IS delayed. This would indicate that
oxidation ap;fnle pomace constituents decreases
the solubility of pectins. The pectins extracted
from fresh “pomace, pomace dried shortly after
pressing, and pomace stored for 1 or 2 day's before

Table 15. Residual uronide in chlorite-treated
Marcs.

Residual Residtie, %.0f

Sample ur(%ae % GE(%W Orln%'rncaI
2 129 48 0% 408
23 28 10 061 45.0
1 1635 210 0.60 254
Ta 95.7 148 090 38.0
9 35.8 155 048 317
% 423 182 050 394
10 717 35 0.62 385
10a 6.5 20 0.46 28.6
1 1435 305 152 55.5
11a 202 430 2.55 935
12 1% 825 353 78.2
12a 938 395 0.9 212
1 156 6.5 0.72 510
Ida 24.8 102 051 344
21a 158 30 133 61.0
21aa 99.3 193 1.02 46.7
26 1528 175 1.36 435
262 1665 190 112 36.0
%g 1398 18.0 151 60.0

d

drying are similar in degree of esterification and
JeX grade, o L
~ Association of proteins with pectins in apple
tissue. Marc preparations 2, 7, and 28, described
above, and two preparations of alcohol precipitate

Table 16, Characteristics of pectins in marc, alcohol precipitates, and residue.

Original marc Cold HCL extract Hot 1tCl extract Marc resicue
: 0. C. :
uronide ﬁéﬁﬂn uronice ﬁégﬁrdn uréﬁide ﬁﬁgtfﬁn uronide ﬁég%n
2 210 838 344 575 32 90.0 24 64.5
2 60.5 505 124 45 01 0.0
7 258 85.5 585 475 294 825 45 8
Ta 67.0 455 24.1 84.0 18 8l
9 182 80.0 344 56.0 150 90 31 895
% 395 65.0 16.0 9 36 89
10 205 835 418 510 173 97 35 925
10a 495 5.0 53 845 04 57
1 172 87.0 382 460 204 805 20 87
11a 40.0 500 174 83 17 85
2 143 825 66.5 50.0 164 7 0.8 905
12 67.0 49.0 123 92 15 875
3 161 170 64.5 475 184 0.9 410
1% 895 685 3.0 895 2.0 8L5
2la 35.6 875 105 500 234 84 15 885
2laa 59.0 510 302 87 11 87.0
26 280 875 8L5 495 233 945 17 445
26a 780 58.0 2.6 665 17 445
28 306 715 67.0 56.0 475 615 12 885

284 145

525
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from afpple juice were investigated for the pres-
ence of proteins in association with pectins. The
total N content of alcohol precipitates was deter-
mined, and the effect of added proteases on ex-
tractability of pectins was investigated.

The treatment with proteases was conducted by
addition of 0.2059 of pepsin purunt Ph.H.V. from
1 Siegfried to _.00|-_? {)OI'IIOHS of marc suspended
in 200 ml of Q.liV HCL, or by addition of 0.25 g
of Pineapple Stem Bromelain (containing pectin
esterase as well as_other enzymes) gre aration
Xo. 62, Hawaiian Pineapple Co., t0 o. 1/g Ror
tions of marc suspended in 200 ml of 0.- pnos-
Fhate buffer at pH 50. The marc-protease mix-
ures were allowed to stand, with occasional stir-
ring, for 4 days, and then altered, and the residue
washed with 200 ml of water. The washed residue
was then suspended in 250 ml of 0.LY HCI, heated
to 70°C in an oven (L hr), and held 1hr at 70°C.
The acid extract was then separated by filtration,
and the fectms present were p[reupltated by addi-
tion of 1 volume of alcohol. The alcohol precipi-
tate was separated by centrifuging, then filtered,
and washed CP free with 70% alcohol. The final
residue was washed free of CP. The drY'Weltht
of alcohol precipitate and residue was obtained by
drying in vacuo at 70°C, and the anhydrogalactu-
ronic acid content by titration as above.

Pectins in apple Juice. The alcohol-preuPltabIe
material present in"juice expressed from treshly
harvested and from" storage-ripened apples was
found to contain a surprisingly high amount of
nitrogenous matter, chiefly protein. "It is curious
that the material present in low concentrations in
the juice of firm apgles (0157 g per L) contained
as much nitrogen ( .2%% is that I?res_en.t in much
higher concentrations (L1315 g per L) in juice from
storage-nBened apples. (8n the basis of the results
reported by Koch ct al. (1059), only traces of pro-
tein would be expected in the former. The protein
content of the juice from firm agﬁles amounted to
216 mg/L, in comparison with 181 mq (8.38 times
as much) in ripe apple juice.

As shown in Table 17, the pectin content of the
alcohol precipitates, calculated as anhydrogalactu-
ronic acid, is lower in preparation 6 than in prepa-
ration 25, and the intrinsic viscosity (a measure of

Table 17. Characteristics of apple juice pectin
preparations.

. Relative viscosity

PR A RER ok
6 184 5.0 0.0510 110
6A W7 170 0.1050 126
25 466 945 0.1002 160
BA 44 97.0 0.099% 157

the viscosity average molecular welghP of the
pectin from green apple juice (from Fig. 1 of
(Iwens ct al, 1952) Is about 2.5, whereas that for
riper apple Hmce is_about 50. The pectins in the
|atter, far from bemP degraded, are much more
highly polymerized. [t is interesting too that the
degree of esterification is higher in the latter case.
Doeshurg (1959b) and Woodmansee ct al. (1959)
recently reported that, contrary to prewouslly pub-
lished observations, neither the degree of polymeri-
zation nor the degree of esterification of apple
ptectlns changes materially during ripening and
storage. _ -

The nonuronide content of the alcohol prem[lmate
from the juice of firm apples amounted to 81.6%,
of which ash accounted for 7.7% and Frotem for
13.75%, and the balance was henticelluloses. The
hydrolysate of this contained arabinose, glucose
galactose, and xglose_, as well as several additional
components visible in the ultraviolet between the
galactose-glucose and arabinose-xylosc bands.

In comparison, the nonuronide content of the
alcohol (PreuFltate. from stored apFIe juice amounted
to 53.3%, of which ash accounted for 3.7% and
protein 13.75%. Arabinose, Plucose, galactose, and
xylose were present, as well as other constituents
visible in uv. The chromatogram was similar in
appearance to that obtained above, but with more
intense )%alactose and xylose bands.

“The X content of these preparations was much
higher than that found in the apple flesh itself
0.3% X and 0.8% ash}, in the marcs prepared
these contained 0.7%-1.2% X, depending on ripe-
ness of apple or method ofFreparmg the marc), or
in Fectms extracted from these marcs. The cold-
water-soluble pectin contained 0.9% AT and 3.7%
ash, and the cold-dilute-alkali-extracted pectin con-
tained 0.5% X and 4.3% ash, and the cold-dilute-
hydrochloric-acid-extracted dpectm as_precipitated
contained 05% X and 0.2% ash. Several com-
mercial pectin preParatlons were analyzed for nitro-
gen and ash content, with the following results:

% N % ash

Exchange citrus pectin XF 15 12
Exchange citrus poly-

%a acturonic acid _ 00 24
Manvel spray-dried apple pectin 00 123
Marwel apple pectin 0.1 traces

The occurrence of proteins in the concentrations
found above requires re-evaluation of the chemistry
of clarification of apple juice with fungal pectinase
Preparanons. Joslyn ct al. (1952) did not find that
he rate or extent of clarification of apple juice by
several commercial ﬁe_ctm enzyme [)reparatlons was
related either to their pectin esterase or pectin
polvgalacturonidase activity. This was recently
confirmed by Neubeck (1959). The nonuronide
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constituents present may act as protective colloids,
and after their h?{drolysw flocculation may occur.
Since fungal pectinase Freparatlo_ns are likely to
contain proteases as well as pectinases and hemi-
celluloses, it may be that clarification is the result
of {:hanges in both pectin and nonpectin constit-
uents.

It is unlikely that the Eectms in the juice are
combined with™ proteins. Fremy (1848) “reported
earlier that pure pectins could” be obtained from
juice by selecting ripe fruit, filtering the expressed
Juice, and precipitating the proteins present by
addition of tannic acid. The pectins remaining in
the juice could then be precipitated with alcohol
to \k;[eld protein-free alcoholic Prec!pltate_s. .

ith regard to the apparently high viscosity of
the pectin precipitated from the juice of stored
apples, Saverborn (1_9451) reported that the molec-
ular weight of pectin obtained from the juice of
fresh ripe Cox orange apples was 201,000, in com-
parison with 58,000 for that obtained from the
same lot of fruit boiled for four successive times
r(20 min each) with 96% alcohol and then in water
or Lhr, A commercial apple pectin had a molec-
ular WEIﬁht of 67,000 under the same conditions.
Schlubach and Hoffmann-WaIbeck (1949) reported
that the molecular weight of pectins precipitated
from the juice of Roter .Elsag el was as high as
238,000, in comparison with 165,000 for nitropectins
obtained by direct nitration of apple shreds. They
obtained nitropectins of highest  molecular weight
(342,000?1 by extracting pectins from alcohol-
freated heat-inactivated apple shreds with phos-
phate buffer at pH 4.6 for 72 hr at 35°C.

Effect of treatment of marc with protease. On
the assumption that proteins form water-insoluble
compounds with gegtlns it should be possible to
increase the solu |.I|tg of the pectins present by-
treatment with suitable proteases, provided that
the proteases selected will be able to act on the
proteins present. To test this hypothesis, three
marc preparations were treated with two protease
preparations as described above. The 5 g of marc
preparation 2 contained 136 mg of anhydrouronic
acid with an esterification degree of 86.0%; marc
preparation 7 contained 3025 mg of anhydrouronic
acid with an esterification degree of §6.0%, and
marc 28 contained 3875 mg AUA with an esterifi-
cation degree of 94.5%.

After treatment wﬂh_Protease for 4 days, the
marc susgensmn were filtered, and the filtrate di-
luted to 500 ml. Table 18 shows the pH value of
the diluted filtrate, its relative viscosity, and the
anhydrogalacturonic acid content as determined by
carbazole assay. The data indicate that viscosity
as measured by a Brookfield viscosimeter was not
appreciably different in phosphate buffer with or
without bromelain, and, although it was somewhat

higher in the HC1 solution, there was no detectable
difference between marcs treated with pepsin or
untreated. On the other hand, the quantity of pec-
tins extracted by the phosphate buffer from marcs
2 and 7 was appreciably higher in the ﬁresence of
bromelain, but no change occurred with marc 28.
Hydrochloric acid extracted considerably more
pectin_than did phosphate buffer, but only with
marc 2 did pepsin have an appreciable effect; with
marc 7 the ‘increase was very small, and with 28
a decrease was found.

Table 19 shows the effect of protease treatment
on extractability of pectins in hot dilute hydro-
chloric acid. Treatment with bromelain decreased
the weight of alcohol-precipitable matter obtained
front marcs 2 and 28, and increased the weight
from marc 7. The uronide content of the precipi-
tate was low, and, if anything, treatment with
bromelain tended to decrease this. The total uro-
nide recovered by acid extraction decreased after
treatment with bromelain, the decrease beln? more
marked with marc 2. Pepsin had little effect on
the yield of alcohol-precipitable matter, but tended
to increase its purity. The total uronide recovered
by acid extraction Increased after treatment with
pepsin except for marc 2 and this increase was
more appreciable with marc 7.

“Table 20 compares the total anhydrogalacturo-
nide content extracted, initially and after treatment
with hot acid, as _caiculate_d from the weight of
final residue and its uronide content, with that
calculated from data on uronide content of the
original extract, the alcohol-precipitable matter
extracted with hot acid, and alcohol-soluble uro-
nide content. There are af)preuable differences
between these two values, largely from titration
errors. The residual marc was difficult to suspend,

Table 18 pH, viscosity, and pectin content of
extracts w%th pand wfﬁwouy ada(?ed %rotease.
f
. mg AUA

Mﬁfﬁta pH \ﬁglc%ts'}/tgl extfict  extiacted
2B1 5.05 115 6.7 48
2B2 445 110 254 187
7B1 470 105 75 25
B2 410 105 26.2 8.7
28B1 4.65 125 106.1 213
28B2 405 115 107.8 218
2P1 185 120 402 295
2P2 185 120 452 35.2
7P1 185 88.0 291
7P2 185 86.5 286
28P1 18 135 1059 214
28P2 185 135 705 183

*The first number indicates marc, preparation ;
B, bromellam; % pepsin treatmen?; l.pcdpn roﬁ; 2
enzyme-treated.
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Table 19. Extractability of pectins in hydrochloric acid, with and without protease.

Alcohol precipitate

Tota ur?endde

oo % . 0 Alcahol extrac
Extract v\(rehla?t /(\rhjg/')\ ﬁéa{%rdn uromde (mSS@B’A) mg %
2B1 250 451 9% 180 35 486 35.7
2B2 200 26.6 80 133 46 312 230
1B1 250 873 88 35.0 5.6 929 30.7
B2 300 69.0 % 230 54 144 A1
28B1 230 69.0 % 300 35 125 187
28B2 200 5.8 93 30.0 2.2 62.0 16.0
2P1 140 304 73 219 2.8 332 24.4
2P2 130 216 87 212 35 31 229
1P1 210 298 97 14.2 54 35.2 116
P2 240 5.1 92 233 54 615 203
28P1 210 64.3 % 0.7 2.3 66.9 172
28P2 190 136 I 387 29 759 196
and the end point faded because of slow diffusion CONCLUSIONS

into the interior. The results would have been
more consistent if the marc had been ground to
a fine powder and blended with water before
titration. _ _

On the basis of residual uronide analyses, brome-
lain treatment increased the solubility of ﬁectms
appreciably in marcs 2 and 7 and onlyé slightly in
marc 28. Pepsin treatment increased the solubility
of pectins in all three marcs, but its effect was
greater in marc 7. In no case, however, was
SO|Ub_I|ItY_ complete. L

It is likely that the conditions selected were not
such as to allow free diffusion of protease into the
Partlcles of the marcs used, but it is surprising that
he effects observed were as appreciable with marc
7, an oxidized brown marc containing apple skin
particles, as with marc 2, a white, more porous
marc. Optimum conditions for the proteolysis of
aBpIe tissue proteins are not known, but the ‘results
ontained would have been more significant had they
been conducted under optimum conditions.

The generally small effect of protease treat-
ment on the solubility of pectins present in apple
marc similar to 2 is similar to the effects at pH 6
of 0.5% EDTA solution with and without added
urea, butanol, and thioglycolic acid. None of these
had an appreciable effect on the solubility of pec-
tins although Ginsburg (1958) found them to have
an appreciable effect on cell se_i)aranon. The addi-
tion of sodium sulfite to a dilute cuprammonium
hydroxide solution, introduced by Kolthoff and
Stricks (1951) for the polarographic assay of
cystine, and used by Swan_(l_957? and McDermott
and Pace (1959? for solubilizing sulfur-bound pro-
teins, had no effect on the solubility of apple marc
pectins. Protein S—S bonds, thus, are not involved
In the insolubility of apple pectin, and protein-
pectin combinations may not be limiting factors,
If present.

The differences explain the differences in
the solubility of pectins reported in the liter-
ature. Matdrity and variety of apples also
?,ffect rate and”extent of extraction of pec-
Ins.

Successive serial extraction with a variety
of solvents at room temperature with several
marc preparations indicated that marc pre-
Rared by blending apple tissue with alcoholic
ydrochloric acid solutigns contained pectins
that were more readily extractable with
water than marc treated only with alcohol.

Extraction of a selected “sample of marc
with a variety of solvents indicated that
neutral salts Such as sodium chloride ex-
tracted aPpremany more Pectms than water
alone. Ethylenediaminetetraacetate at pH 6
did not extract more pectins than water

Table 20. Pectir% recovered with and without
protease on hasis of residue.

......... R. ?_s_ig_l.{e......_.. |\7\PS|S ”t] Lossin  AUA d
Extract ny /(Wd} (%/o%W %% recg}gﬁe
2B1 2000 35 575 610 698
2B2 200 212 712 844 573
1B1 79 1205 330 604 T3l
B2 700 836 410 724 601
28B1 770 84 305 714 684
28B2 650 791 490 732 643
2P1 30 BL K5 Tv6 784
2P2 210 396 630 802 83
TP1 780 726 340 76l 648
P2 760 1038 360 655 835
28P1 730 808 45 792 655
28P2 630 5.0 505 856 525
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alone, and the addition of glutathione, bu-
tanol, or urea to it did not increase the ex-
traction of Pectlns: Reagents used for the
extraction of proteins hodnd in plant tissues
by S—S bonds had no effect on the extracta-
bility of pectins. Schweizer reagent in air
extracted practically all the constituents of
apple marc, including starch that was solu-
bilized. In nitrogen,” Schweizer reagent ex-
tracted much less Pectln. . ,

Comparison of the extractahility of pectin
from various marc preparation with hydro-
chloric acid solutions under various condi-
tions indicated that oxidation of apple tissue
constituents and,dryln? of apple pomace re-
duced the solubility of pectins. ,

I'retreatment of ‘marcs with chlorous acid
bleached the marcs and yielded white pectins.
This treatment increased the_solubllltY_ of
Pectms In some marc preparations, particu-
arlv _the browned marcs, and eliminated
constituents responsible for the reddemng of
am)le_ pectins during treatment with hydro-
chloric acid of higher concentrations or for
Ioaner,tlmes. _

reliminary data on the rate of extraction
of pectins from dried marcs treated with
hvdrochloric acid at 40°C indicated that de-
?ree of esterification, degree of polymeriza-
lon. and nonuronide content of extracted
pect{ns changed appreciably during treat-
ment.

A surprisingly. hié;h amount _of protein
was found associated with pectin in apple
juice. The effect of protease treatment on
extractabilitv of pectins from apple marcs
was investigated. 1t was found that the type
of marc used and the pll of the extracting
solution had a 8reater effect on the recovery
of pectin than did protease treatment. This,
however, did increase recovery with marc
prepared from unstored apples.

he data obtained do not support the hy-

potheses that polyvalent cations such as Céh

are responsible for the_InS_0|UbI|ItY of apple
P,ectlns. Chemical combinations between pec-
ins and proteins, lignin, or cellulose also
are not likely involved.
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Direct Chromatographic Analysis of Milk
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SUMMARY

Some organic chemical compounds were detected in milk by a simple, direct
chromatographic analysis of head-space vapors. After modifying the head-
space gas-sampling technique by saturating the aqueous solution with sodium
sulfate and increasing the amplification of the chromatographic hydro7en
flame detector electrometer, some organic compounds were detected at less
than 0.1 ppm concentration in milk. Samples of fresh and stored raw milk,
with and without off-flavors, were analyzed successfully. Some volatile chemi-
cal compounds developed during storage at 2°C. Off-flavors were characterized
by the development of certain chromatographic peaks. Chromatograms were
recorded for analyses of rancid, oxidized, sunlight-oxidized, and high-acid
milks. A number of chromatographic peaks were characterized as carbonyl
from their reaction with hvdroxylamine. Acetaldehyde, propionaldéhyde,
acetone, and 2-butanone were identified. An indication of the concentration
of some of these peaks was obtained by analyzing solutions of 0.1 ppm acetalde-

hyde. propionaldéhyde, and 2-hexanone added to water and to milk.

INTRODUCTION

(jas chromatographic analysis has been
used extensively for flavor analysis. loniza-
tion detectors have improved this basic
method. However, with chromatographic
techniques, direct injection of liquid pro-
teinaceous, lipoidal, or biological fluids cre-
ates a problem. Such liquids contaminate
the chromatographic column. The problem
has been overcome in some instances bv
using head-space gas-sampling. Studies of
pronounced aromas cf raspberries by Weur-
man (1961), cabbage by Bailey Ct al.
(1961), and a wide spectrum of food fla-
vors by Mackey Ct al. (1961) have been
conducted with this procedure. Similar
techniques applied in this laboratory to milk
were found to be ineffective because of the
extremely low concentration of volatiles
present.

aContribution no. 306, Department of Dairy-
Science, and no. 28, Department of Biochemistry,
tKamsas Agricultural Experiment Station, Manhat-
an

bAssistant Professor of Department of Dairy-
Science; Graduate Research Assistant in Depart-
ment of Biochemistry, now Research Assistant in
Department of Dairy_ Science; Professor of Bio-
chemistry. now emeritus: respectively.
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Teranishi Ctal. (1962) made direct vapor
analyses of some vegetables and fruits with
temperature programming. Dual columns
and dual flame ionization detectors were
employed to balance out column bleeding
and environmental changes that accompanied
temperature programming. Some innova-
tions with the electrometer were incorporated
to reduce electronic noise.

Jennings Ct al. (1962) employed a dual
flame ionization detector in isothermal anal-
yses of milk vapors. (las samples for these
analyses were obtained from milk that had
been heated one hr. at S0°C in a stoppered
Erlenmeyer flask. Chromatographic peaks
were demonstrated in normal as well as oft-
flavored milk. Peaks were shown to develop
with an oxidized flavor from copper (un-
disclosed concentration) added to milk.
Eluorescent and germicidal light activation
of milk from 1 to 6 hrs also resulted in
differences in the chromatographic patterns
of the milk. These workers also illustrated
differences in the chromatogram of milk
witli an alfalfa feed flavor as compared with
raw mixed herd milk. Evidence for identi-
fication of various components was limited
to a comparison of retention times of pre-
viously identified compounds.
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The present study was undertaken be-
cause it was felt that modifications of the
previously employed head-space gas methods
o;ferglg possibilities for studying off-flavors
of milk.

MATERIALS AND METHODS

_Two modifications were used to obtain the sen-
sitivity necessary to analyze milk volatiles. The
head-Space gas technlque was modified by satu-
ratl_n% the liquid sample with sodium sulfate .ﬁto
enrich head-space vapors in the volatile constitu-
ents) and the hydrogen flame electrometer was
altered (see Apparaus) ta increase instrument
ser]smwti/ 16 times. A combination of these adap-
fations fo head-space gas techniques Ipe.rmltte.d
dl'rlekCt chromatograpl ic analysis of volatiles in
milk.

Apparatus.  Chromatographic unit. A Model
A-90-C Aerograph, with a hydrogen flame-detector
kit and 1-mv Brown Honeywell recorder, was used
to obtain the chromato?rams. The electrometer
was modified according fo manufacturer’s instruc-
tions (Aerograph Research Notes, 1961) to in-
crease sensitivity 16 times.

((iterating Conditions :

Column tem Tratu e (;C% ...................... 1
NHO en outflo gm min)

| rogen mpu%% V) PO N
Hydragen outflo )
_ Column. Ten-foot, commercially preopared, 1
in. stainless-steel column packed with 20(7 Carbo-
wax 20 M on 60 80-mesh Chromosorb \V.

Sampling bottles. Serum vials. 15 mm diam X
52 mm, of "5-ml capacity” with self-sealing rubber
caps.

gyringe. 1-ml gas-tight syringe, Hamilton No.
1001.

Reagents. Acidic hydroxylamine. A solution
contaunm?_I 049 NH"OH-HoSOc treated with 3 ml
.V NaOH and diluted to 10-ml volume with dis-
tilled water. Sodium sulfate, anhydrous. _

Samples.  Aliquots of a 1-gal.” sample of milk
obtained from the pipeline at m|Ik|nP time were
treated to produce off-flavors (Table 1). This
table also shows average flavor scores of the sam-
ples when scored by experienced judges.

After treatment, "each aliquot was stored in a
refrigerator at 2'C until the chromatograms were
made at daily intervals. The oldest samples were
also chromatographed after being reacted with
hydroxylamine to indicate the presence of carbonyl
compounds. _ .

Head-space gas sampling for chromatographic
analyses.  The head-space gas from each samPIe
of milk analfyzed was prepared accordm% to the
procedure of Bassette ct al. (1962): 12 g of
sodium sulfate was transferred into a serum vial
followed hv 2 ml of the samﬁle to he analyzed.
After the vial was sealed with a serum cap, the
solution was mixed on a mechanical shaker for
5 min. The vial was then placed for 3 min in a
60°C water bath at a depth slightly above the level
of the liquid in the vial. A I-ntl sample of the
head-space gas was obtained by inserting the needle
of theé;as-ng_ht syringe through the rubber serum
cap and drawing the vapors into the syringe. The
syringe was evacuated and refilled three times.
After the syringe was removed from the vial the
volume was adjusted to 1 ml and the gas sample
injected into the chromato?raph. o

Treatment with hydroxylamine to eliminate car-
bonyl compound peaks. One-tenth ml of the acidic
hydroxylamine reagent was added to 2.0 ml of
milk that had been saturated previously with
sodium sulfate in a serum vial. With the rubber

Table 1 Off-flavored milk samples, and methods used to produce them."

Flavor
No. Expected Criticisms Score b Method of producing flavor
I Control Unclean, feedy 3.8 S
2 Rancid Rancid 310 Add 10% homogenized milk
3A Oxidized Oxidized 35.2 Add 2 ppmOr
3B Oxidized Oxidized, cardboard 318 Add 8 ppm Cu+t
3C gJX|d_|zed Oxidized, unclean 310 Add 20 ppm Cu'*
4 unlight Oxidized, unclean 365 ExPose to sunlight Lhr
5 Oxidized Oxidized, unclean 338 Both No. 3A and No. 4
6 High-acid High acid, (0.17-0.25%)c 307 Incubate 24 hr at 25°C

acetone, unclean

ol s et e S bginaten

raw inilk.
ic analyses were made. Scores were averages of

udgments. . . o
clrhtlaql anJ fnal titratable acidity expressed as lactic acid.



86 DIRECT CHROMATOGRAPH 1C ANALYSIS OF MILK

serum cap in place, the mixture was shaken 1 hr
on_a mechanical shaker. .

The serum vial was then placed in a 60°C bath
for 3 min and the sample analyzed as head-space
?as as previously described. The peaks obtained
rom hydroxylamine and water were subtracted
from results ‘of hydroxylamine and milk analyses.
These peaks obtained "from acid hydroxylamine
and water were found to be quite reproducible.
Although the identity of these peaks was not
established, it can be ‘assumed that they were not
carbonyl.

RESULTS AND DISCUSSION

The results of all of the analyses are
included in Figs. 1-4. Chromatograms 1
and la (Fig. 1) show fresh milk before and
after hydroxylamine treatment. In addition,
chromatograms of each of the off-flavored
milks after four days of storage, before and
after treatment with hydroxylamine, are
reproduced in_Figs. 1-3.

Control milk.” Several of the recorded
volatile components in control milk increased
in concentration during storage. A compari-
son of the peak heights of the fresh (0 days)
and aged (4 days) milks in chromatograms
Land 2 (Fig. 1) illustrates these changes.
The components emerging from the column
at 4.3 and 6.2 min represented relatively
large increases in concentrations of volatiles
during storage, perhaps even 1 ppm. In
terms of proportionate increases, however,
some of the other volatiles showed greater
increases (peak heights) after storage, al-
though these increases may represent little
more than 0.01 ppm.

Treating these samples with hydroxyl-
amine (chromatograms la and 2a. Fig. 1).
eliminated or reduced peaks occurring at
[2.8], 3.4, 13.8]. 43. 6.2, 8.3. 9.0. [9.6]
min. The peaks shown in brackets were
eliminated from either the fresh or the aged
sample, but not from both. Because of the
agreement of retention times and the low
molecular weights of some of the early
peaks, there was not much doubt of their
identity. The 2.8-min peak was acetalde-
hyde : 4.3, acetone; and the 6.2-min peak
undoubtedly was, at least in part, 2-butanone.
As retention time increased and the corre-
sponding molecular weights became larger,
there was less certainty of the identity of
the compounds. Many possible isomers or

closely related compounds could elute at a
given retention time.

Untreated raw milk stored under refriger-
ation released more volatiles, thus suggest-
ing possible deterioration. Mechanism for
this decomposition was not investigated.
However, since raw milk was used, bac-
terial or enzymatic activity could have oc-
curred during storage even at 2°C.

Rancid mﬁk. The volatile chemical com-
pounds detected by this technique in rancid
milk were not very different from those
found in untreated raw milk. As can be seen
in chromatogram 3 (Fig. 1), peaks did de-
velop at 2.0 and 2.8 min but these compo-
nents were not identified. It was presumed
that neither was carbonyl since neither was
affected by hydroxylamine (see chromato-
grams 3a and 3, Fig. 1).

The lack of any significant difference
between the rancid and control milk chro-
matograms was not unexpected. Fatty acids,
which are considered the major source of
this off-flavor, are not very volatile. Also,
polarity of the acids prevents their being
drawn into the head-space vapor. These
acids with boiling points at least 162CC
(butyric) if drawn into the head space
would not be likely to pass through the
column.

Copper-induced oxidized flavors. Four
chromatographic peaks developed from an
analysis of oxidized flavored milk as a
function of the concentration of copper
added to milk and the time of its exposure.
In addition to peaks that developed in con-
trol milk on storage, the data in chromato-
grams 1. 2.and 3 in Fig. 2 show that peaks
from oxidized milk developed at 2.8, 3.8.
9.0, and 15.0 min. Treating the oxidized
milk with hydroxylamine reagent eliminated
or markedly reduced all of those peaks (Fig.
2). Ifitis presumed that these constituents
are carbonyl, the 2.8-min peak should be
acetaldehyde, and the 3.8 min peak propion-
aldehyde.

The material responsible for the 9.0-min
peak, assuming it to be carbonyl, must be
similar to 2-peutanone or pentanal. This
does not eliminate the possibility that it may
be an unsaturated carbonyl, a related car-
bonyl. or a mixture of these compounds.
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The peak that emerges at 15.0 min rePre-
sents’ a material with a retention time
identical with that of 2-hexanone. Although
no attempt was made to identity these peaks,
an idea of the characteristics “of these ma-
terials may be useful to other workers.

Copf)er-lndu_ced oxidized milk illustrated
the value of direct chromatographic analysis
for flavor studies. The chromatographic
peaks that appeared to be associated with this
defect increased with the age of the copper-
treated samples and with the level of copper.
Comparison of chromatogram 1 (Fig. 2
and chromatogram 2 &F|g. 4) confirms that
2.8 and 3.8 min peaks ‘were acetaldehyde
and_ propionaldéhyde and that their concen-
tration In the 2-ppm-treated sample stored
4 days was below 0. ppm. The 15.0-min
peak maly have been hexanal, as EI Negoumv
ct al. (T961) found in a study of oXidized
butterfat. but it could represent some other
similar or related compound. Focus of this
study was on typical patterns exhibited by
chromatograms ‘of specific off-flavors; how-
ever. using the same or similar techniques to
identify peaks was suggested.

_ SunIith. Milk exposed to sunlight was
judged to have a very slight oxidized flavor
(score 36.5).  This milk "produced a chro-
matogram similar to those of copper-induced
oxidized milk (Fig. 3). Characteristic peaks
developed on Storage at 2.8, 3.8, 9.0, and
150 min. All
Ixmyl_ by their response to hydroxylamine.
Ihe identity of these components was dis-
cussed under the oxidized flavor study.

Sunlight and copper. A_ddin_? copper to
a milk sample before exposmtg it to sunlight
increased heights of most of the peaks <al-
ready discussed, As can he seen in Fig. 3.
the peaks at 2.8. 3.8, 9.0, and 15.0 min-also
developed with sunlight and copper. The
3.8- and 15.0-min peaks were particularly
larger when coner was added and the milk-
exposed to sunlight,

Sunlight and sunlight-and-copper-induced
flavors produced chromatographic patterns
quite similar to those of samples oxidized
by copper alone. The effects of coHper and
sunlight together caused some of the peaks
to inCrease markedly. It appeared that most
of the peaks associated with the oxidized

peaks were shown to be car-

flavor were the same whether induced by
copper, sunlight, or copper and sunlight,

High acid. The high-acid sample (chro-
matogram 3, Fig. 3) Shows that many vola-
tiles Oeveloped ds the sample aged. Many of
the peaks that increased in ‘size had “the
same retention time as those that appeared
in the control milk, but were much larger.
(l)ne of the peaks with a retention time of
25 min was peculiar to the high-acid
samPIe. _Fewer of the peaks were removed
by reatln(,i with acid hydroxylamine than
]>eaks of other samples (Compare chromato-
gram 3a, F|8: 3, with other XFFOFI-treated
samples). Since the acidity of this sample
was onl% 0.25(14, it was not badly decom-
posed. Probably the ﬁeaks that developed
were dependent upon the particular bacterial
flora in the milk.

Quantitative study. Chromatoqrams 1
2, and 3 f(Flg. 4) show the results of an
analysis of a second sample of fresh raw
milk; the same milk after 0.1 ppm of each
of acetaldehyde, propionaldehyde. and 2-hex-
anone were added, and the same concentra-
tion of the same carbonyl compounds in
water, respectively. These three. carbonyl
compounds at 0.1 ppm concentration added
to milk were easily detected (compare chro-
matograms 1 and"2, Fig, 4). Peak heights
of acetaldehyde and roplonaldehyde in milk-
differed only slightly from those obtained
from an aqueous sofution of the same con-
centration (compare chromatograms 2 and
3). 2-llexanone analyzed in water Rroduced
a peak more than 7 times as high as the
one resulting from the same analysis in
milk. ApFarentIK milk fat acts as a solvent
and thus limits the amount of hexanone that
escapes as head-space vapor. Other factors
may also account for some of the difference.
~The sample of milk employed in the quan-
titative study showed a different chromato-
graphic ]pattern from milk used in the flavor
study. The peak occurring at 6.2 min in the
guantltatlve study apparently was entirely
-butanane since it was completely removed
by hydroxylamine ‘chromatograms 1 and
la, Fig. 4¥. Both the acetone (4.3) and
2-butanone (6.2) peaks were considerablv
smaller in this sample than in the previous
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one, probably from differences in rations
consumed by the cows.

Heights of peaks from measured amounts
of known carbonyls added to milk or to
water were quite similar except the 2-hex-
anone Peak,.whlc.h was many times hlqher in
water than in milk. This was prpbab,r due
to the solubility of this carbonyl in milk-fat,
It is possible fo get an idea of the concen-
tration of some volatiles that developed with
off-flavors by comparing the height of peaks
from 0.1 ppm concentration of some car-
bon¥ls in milk with those from milks with
off-flavors.
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Volatile Esters of Bartlett

Pear. |II.

W. G. JENNINGS and R. K. CREVELING

Department of Tood Science and Technology, University of California, Davis

(Manuscript received August 7, 1962)

SUMMARY

On the basis of gas chromatographic studies, infrared and ultraviolet spec-
troscopy, and carbon-hydrogen balance, the C-10 unsaturated acid previously
reported to be a major constituent of pear essence hydrolysates was identified
as 2,4-decadienoie acid. An alcohol previously isolated was found to be a
contaminant (2,-ethvlhexanol-I) that could occur frequently in this type of
work. Analyses of freshly prepared essence hydrolysates indicate the presence
of ethyl, n-propyl, and probably n-amyl, esters.

In an earlier publication, Jennings (196
reported isolating several alcoholsand acids
from a mixture “of the hydrolysis products
of Bartlett pear esters.” Characterization
studies of the components of this mixture
identified «-butyl alcohol, «-hexyl. alcohol,
and_ acetic, butyric, capronic, caprylic, pelar-
gonic, and capric acids. 1he major pear
ester acid was reported to be an unsaturated
C-10 acid that hydrogenated to give «-capric
acid, This paper rep J
ization of components of this mixture.

METHODS

Gas chromatography. ~ The chromatography
studies utilized a commercial gas chrqmato?raph
with a four-filament thermal-conductivity cell an

"This study was supported in part by funds from
Pear Zone l.y PP part by

(1961

orts furthér character-

helium as carrier gas. Substrates were used at
the indicated levels on 40-60-mesh C-22 acid-
washed firebrick in /-in. X 10-ft Packed stainless-
steel columns. All runs were isothermal. Collec-
tions were made by passing the emergent gas
stream through a short length of 2-mm Pyrex
tubing to a 2-ml conical test tube supported in an
ice bath. _

Infrared spectroscopy. Spectra were determined
on thin films, sandwiched between two NaCl plates,
on a Beckman IR-5 infrared spectrophotometer.
The sandwich was supﬁorted in a jeweler's pois-
ing vise as far from the source compartment as
possible. This minimized the possibility that the
sample might warm up during a run, decreasing
in wscosﬂx_and presenting films of various thick-
nesses. This technique permitted several repeat
runs with identical' results.

Ultraviolet spectroscopy. A Beckman DB spec-
trophotometer was used on preliminary scans and
to establish absorption maxima. A Beckman DU

\ NN A 1 ~ S DNl s b
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Fig. 1 Infrared spectrum of pear ester acid. Thin-film technique.
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spectrophotometer was used to establish extinc-
tion coefficients.

RESULTS AND DISCUSSION

It had been established (Jennings, 1961)
that one of the major acids occurring in
pear essence_hydrolysates was a C-10"un-
saturated acid "that” hydrogenated to yield
w-capric acid. The infrared spectrum of
this acid is shown in Fig. 1

The sharp absorption at 990 cnrl could
be assigned to a trans configuration, the
double bond conjugated with that of the
carbonyl. Of even” greater significance is
the fact that the primary acid” absorptions
occurred at 1690-1700 cnrl instead of at
1705-1725 cm-1, the region where they are
normally encountered. ~According to” Bel-
lamy ﬁ 958), this frequenq{ fall "can most
robably be’ attributed to olefinic conjuga-

jon.

“Retention of the free acid on an Empol
dimer acid column (Fig. %) is 2.0 at 200°C
(w-capric acid = 1.0), Under these same
conditions the retention of a synthetic
2-ecenoic acid is approximately 16. Alter-
ing the position of the double hond would

Fig. 2 know
amdsq com(Paredzo\%Lt pear ester 8%C|cc /mmute.emFr?r]

Imer acld at ) OYV r1te.
jections. ca. 2 etnereal solution.

: Chromaggram of a seﬂgs lgg/o

BARTLETT PEAR. I

most probably" have some effect on the reten-
tion, but it"is doubtful that it would ap-
proach this magnitude (Llpskﬁr etal, 1959).
It seems more probable that this is a
di-unsaturated acid.

This raises the question of double-hond
Posmon, As stated above, the infrared spec-
rum gives some_reason to exPect conju%a-
tion, but it remains to lie explored whether
this involves conjugation of two carbon-car-
bon double bonds, one carbon-carbon double
bond and the carbonyl oxygen, or hoth of
these in a triconjugate system. A conju%ate
system would be_ expected to possess a char-
acteristic ultraviolet absorption spectrum,
and in the event of a triconjngate system it
would be reasonable to expect a large ex-
tinction_coefficient. , _

Fig. 3 illustrates an ultraviolet absorption
curvé for this acid in isooctane. Crossley
and Lilditch (19492 reported a very similar
curve for deca-2,4-dienoic acid. ~ Neither
curve possesses fine structure, but_ consists
of a single broad peak with a maximum at
260 niM"~ Crossley and Ililditch reported an

PERCENT TRANSMISSION

220 260
WAVELENGTH, mp

Fig. 3., Ultraviolet absorption spectrum of pear
estelgaud. P P P
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extinction coefficient of 24,000. Devine
51950) reported an extinction coefficient of
5800. The extinction coefficient of the
chromatographicahy pure acid isolated in
the present study was 29.000.

Results of the elemental analyses JTabIe
1 comPare well with values prédicted for a
di-unsaturated C-10 acid.

Table 1 Elemental analyses of pear acid.
C H

o

Earlier work (Jennings, 1961) established
the presence of at alconol, desq,nated pear
alcohol 3, with a relative retention of 15
(»-hexyl alcohal = 1.0) on dletrglenegl col-
succinate (DEGS) at '175°C._On thé Dasis
of retention agreement on DEGS, Apiezon
L, and dlglycerol columns, precise matchmg
of infrared Spectra, and good agreement wit
combustion analyses, this has been identified
as 2-ethylhexanol-l. Teranishi et al. (1962)
kindly advised us that they had found this
alcohol to result from hydrolysis of 2;etqyl-
hexyl phthalate, used as aPIastlmzer in Tv-
gon, and suggested that th
contamination " lie checked. Although these
samples had not been in contact with plastics,
the unexpected occurrence of this hranched-
chain alcohol made a recheck seem advisable.

Accordingly, several 10-Ib lots of fresh
Bartlett pears were steam (istilled under
reduced pressure, scrupulously avoiding all
contact with plastics. <ias chromatography
of the essence h%drolysates showed o _evi-
dence of 2-ethylnexanol-I, hut did indicate
the presence of ethyl, »-propyl, and probably
»-amyl, as well as »-butyl and »-hexyl alco-
hols “(Fig. 4). The sodrce of 2-ethylhexa-
nol-l was ewdently a line, composed of al-
ternate short IenF hs of copper and Tygon
tubing that supplied vacuum to the rofary
flash “evaporator used in making the earlier
concentrations.  Back-diffusion” of vapor

Ealcudated for CioHmOa
oun

carried a considerable quantity of 2-ethvl-

he.xanol-1 to the concenration “flask.
Previous attempts failed to demonstrate
the presence of ethyl alcohol Sﬂ,enr_nngs,

1961). The amounts isolated in this inves-

tigation were too small to permit infrared

e Possibilit of

verification, hut retention agreed closel
with those of known alcohols on DEGS,
Apiezon L, and dlglx{ce,rol substrates. The
particularly high resolution of diglycerol for
alcohols makes this evidence considerably
stronger than mere agreement on any three
dissimilar columns.

Fig. 5.is a plot of carbon atoms vs. log
of rétention for a series of known primary
»-alcohols. Curve a was constructed from
data reported by Webb and Kepner (1961 ):
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the value_for »-hexyl alcohol was calculated
from their figures.” Curve b represents in-
formation from this study. There are_differ-
ences not attributable to"the use of different
alcohols as reference materials ; these can
probably be ascribed to the higher substrate
concentration used in this, study, to differ-
ences between lots of diglycerol, and to
differences between lots and methods of
preparing the C-22 firebrick.
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Color Studies on Processed Dried Fruits
F. S NURY andJ. E. BREKKE
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(Manuscript received August 25, 1962)

SUMMARY

A procedure for color measurement that can be used in quality determina-
tion of dried fruits is described and evaluated for accuracy and reproducibility.
Rates of darkening, based on this analytical procedure, are shown for raisins
and golden raisins at 50, 70, and 90°F. The apparent activation energies
for the browning reaction in these fruits are calculated.

INTRODUCTION

[t is well known that color deterioration
takes place in dried fruits when they are
exposed to unfavorable conditions for” suffi-
cient time. Stadtman (1948) and Stadtman
ct al. %1946b3 rovided important knowl-
edge about darkening of apricots under
various conditions of Storage and noted the
dearth of information on”the stability of
dried fruits other than apricots. Hodge
g953) compiled important contributions on
the chemistry of browning in dehgdrated
foods, Maier and Schiller (1960, 1 61a,_b%
described. chemical changes associated wit
the deterioration of domestic dates and re-
Ported rate  measurements of several of
hese_ changes, Nury ct al. (1960ah,c)
described quality changes in retall packages
of dried fruits under a variety of conditions.

Although regular raisins “(not bleached)
are naturally dark, and further darkening is
difficult to Observe visually, it is possible to
measure these changes. by chemical analyses.
On the other hand; visual color grading of
golden raisins by LTSDA inspectors 15 a
routine P]ractlce and is a factor in deter-
mining the value of the product, In either
case, an objective study of color chanFes
provides an™ excellent Criterion of quality
and a very good indicator of time-tempera-
ture experience of raisin products; it pro-
vides information that is sought by many
packers and handlers of these products, and

" Presented at Institute of Food Technologfy meet-
ing in Miami Beach, Florida, June 10-14, 1962,
bA laboratory of the Western Utilization Re-
search and Development Division, Agricultural
Research Service, U. S. Department of Agriculture.
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c?,n be used in quality control and evaIuI-
ation.

A color extraction procedure and studies
of rates of change in color and of apparent
activation energies for darkening or brown-
ing, of processed raisins are reported here.
This information may he useful in predlctln%
the shelf-life of commercially processed an
package_d olden bleached raisins and natural
(sun-Qried) raisins,

ALCOHOL-SOLUBLE COLOR METHOD

Apple rings, Calimyrna .figs, French prunes,
aFrlcots, and raisins (sun-drie g were used in the
sudyé of the alcohol-extractable color method.
Freshly packed 10- to 16-0z packages (Saran-
cellophane) of commercially processed dried fruits
were obtained from packing houses in California.
To provide samples at various stages of browning
or color deterioration, the fruits were held at
110°F, and three bags of each fruit were with-
drawn from stora(ie periodically.

After several solvent systems were tested, 50%
ethanol (one volume of 95% ethanol mixed with
one volume of water) was selected for the extrac-
tion. This is the solvent used by Stadtman ct al.
(1946a) in studies of the stability of dried apricots.

Absorbance at 440 mix of alcoholic extracts of
dried fruits was chosen as a measure of the amount
of extractable brown pigment.

The contents of each ba% of fruit were separately
%round to a paste in a food chopper. Duplicate
5-8 samples were transferred to flasks and cov-
ered with 200 ml of 50% ethanol; likewise, dupli-
cate 30-g samples were transferred to flasks and
covered with 400 ml of 50% ethanol. The flasks
were covered and held about 23 hr at room tem-
erature (70°F). They were shaken occasionally.
The color extraction system comes to equilibrium
in about 10 hr (Fig. 1) ; however, this is an
inconvenient time Interval, so 23- to 24-hr extrac-
tions were used. The colored solution was filtered
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Table 1 Analyses of variance of alcohol-extractable coloy measurements on dried fruit

(analyses peronrmX(? on Io&larljt?]ms oI t?]e zn)soréance readlcngsf. ‘ o
Mean squares

égﬂﬁﬁfoﬂf Dﬁ@@%%w Apples Figs Raisins Apricots Prunes
Periods (P) =~ 3 5191853 0658834 1076397 3873487  0.202,971
Bags (B) within 8 0.279,244** 0,045,022**  0.014,226**  0.008,727**  0.011,704**
Sizes (S I 0.000.819* 0000076 0000091 0000619  0.002497
SXP 3 0.000096 0004483 0000974  0.001,015*  0.009,615
S x B within 8 0000132 0004813 000105  0.00023 0007711
Samples within -~ 24 0.000199  0.001,752*  0.000506** 0.000,264**  0.001,360**
Dupﬁcates 8 0000228 0000015 0000015 0000054  0.000,010

St Bt

through Whatman Xo. 2 paper, and the absorbance
éwater:O) was measured at 440 mg with a
ausch & Lomb Spectronic 20 (j»-in.” cuvette).
Two readings were taken on each solution.
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ABSORBANCE 440 mp
3

Lo . Lo . L '
4 8 2 6 20 2. 24 26 28 30 32 34

. TIME — HOURS
Fig. .1 Efelct of time fof extraction on absorb-
ance”of alconol extract of raisins.

SAMPLING STUDIES
Statistical analyses of the data (Table 11 showed
that only with aEpIes did the size of the sample
(15 or 30 %} taken from a bag of fruit have a
significant effect on the results. "The average dif-
ference in absorbance readmgs between 30-g sam-
ples and 15-g samples was 0.0026.

The greatest source of error was attributable to

differences between bags. The ratios between vari-

ance of bags and variance of samples within bags
ranged from 8.6 for prunes to 1403 for apples.

Because of the highly significant difference be-

tween bags, color analyses were run on regular
raisins and golden bleached raisins to determine
how many 1-lb bags should be drawn from a lot
for color” extraction analyses. Samples conswtmg
of 1 2 and 4 bags were tested: four samples o
each size were prepared. Each sample was pre-
pared for analysis by mixing the raisins well and
grmdmg them to a paste with an electrically
powered food chopper. Duﬁllcate 15-? subsamﬁles
were transferred to flasks, and the alcohol-
extractable color was determined as noted above.

le

)

Increasing the number of hags used per sam
beyond two did not reduce error variance (Table

STABILITY STUDY

Commercially packed 1-lb bags of regular and
golden bleached (squur_edJ_ raising. were held at
0, 70, and 90°F for periodic sampllqg. Proximate
analyses of the raisins appear in Table 3. The
storaPe atmosphere was kept at 60dc RH, approxi-
mately the equilibrium value for raisins of 16',
moisure content. The samples showed no signifi-
cant changes in welght during storage. Sampling
continued for about 5-15 months, depending on the
temperatures maintained.
~Absorbance measurements on alcohol extracts of
single samples from composites of 4 _bagis of each
of the dried fruits were made periodically by the
method described above. FI%UYES 2 and 3 show the
optical density of the alcohol extracts of raisins
and %Iden.ramns held at different temperatures.
At 50°F, little or no color change occurred even
after 15 months of storage. At 90°F, however,
excessive darkening occurred in 3-4 months.

Based on this procedure an extracted color
absorbance value of 0.3 for golden raisins and
about 0.9 for reqular raisins (moisture-free basis)

Tabic 2. Effect of sample size on error variance.

Meal égqares
sample size
WS DR i e g
Golden raisins
Total 7 125 19 1
Samlo_les 3 286 20 16
Duplicate 4 4 19 8
Reqular raisins
otal 7 1250 303 217
Sami)_les 3 2202 /3 41l
Duplicate 4 W 1
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Tablie 3. Analyses of raisins used in the stability
study.

Raisins ~ Golden raisins
Moisture 16.08 16.05
Crude fiber, <t 98 82
Nltrogen O 054 0.46
Ash, B 1.89 L
Sugar content : % total 106 1.2
dc reducing 702 107
fc fructose  39.2 400
fc glucose 310 30.7
Ir Sucrose 4 5
S(),. ppm (as-is basis, 1450.

represent darkening to the pomt at which accept-
ability is considered doubtful.

Apparent activation energies for the darkening
of the raisins can readily be calculated by the
Arrhenius equation

_23KTiT2 | K
AHa = T=T Iogﬁ

where A-and A are the rates for increase in optical
density at temperatures T~ and 7\. respectively,
and K is the gas constant. In the temperature
range of 50-90°F, apparent activation energies, in
kilocalories/mole, were 26 for re%ular raisins and
24 for golden bleached raisins; the corresponding
Qii values are 4.2 and 39.

Reasonable estimates of the quality or shelf life
of raisins at a given temBerature or integrated
series of temeeratures can be made b{ measurmg
the alcohol-soluble color and applymg he indicate
rate factors (see Figs. 1and 2 legends). Assuming

T
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IIO
o ncrease |n Eg) %Oa(g]CX per
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m0|s
furc-frec hasis.

the end-points noted above, the shelf life of the
reqular raisins in these experiments would be about
95 days at 90°F and about 600 days at 70°F; for
the golden raisins studied here, the shelf life would
be about 80 days at 90°F and about 500 days at
70°F. The additive effects of other deteriorative
changes would tend to reduce the estimated shelf

life.
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SUMMARY

The longissimus dorsi muscle was taken from 7 beef ribs. 15 beef short-
loins. 129 lamb loins, and the semitendinosus muscle from 51 beef rounds
and tested for tenderness by panel, press, and shear methods. Results showed
that the press and shear methods used on eooked meat gave comparable
relations with sensorv-panel scores. When raw samples were tested by the
press, little relation with panel scores of the cooked meat was found.

INTRODUCTION

Tenderness is a very important charac-
teristic of meat. Many methods have been
developed to measure "this characteristic_in
cooked meat. These methods, when applied
to raw meat, give results that lack accuracy
in predicting the tenderness of the cooked
product. A method 8 ress) was developed
(Sperring ct al,, 195 F)) that indicated accu-
racy for predicting the tenderness of cooked
meat from raw-meat observations. The
same authors reviewed the various measures
of tenderness used by previous workers. The
present study was “undertaken to provide
more data on the_relations between press
readings from various raw beef and lamb
muscles and shear and panel tenderness
evaluation of the cooked muscles.

MATERIALS AND METHODS

Tile longissimus dorsi (LD) muscles of 129

S.D.A. Choice or 'rime wholesale trimmed
lamb loins were used. S,lmllarldv, the same muscle
from 7 wholesale beef ribs and 15 wholesale beef
shortloins of like grade were tested for tenderness.
In addition, 51 excised beef semitendinosus (ST)
muscles were utilized. Both sides of the lamb loins
were used, whereas the beef cuts were from.;me
side only. All cuts were individually wrapped,

"Journal article 30-0. Michigan Agricultural
Experiment Station.
: 1Present address: P. (). Box 4177, Fort Worth,
exas.
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frozen, and stored at —20°F for periods from 8
to 24 months. _

In preparing the muscles for testing, the whole-
sale beef cuts were removed from frozen storage,
defrosted 24 hr at room temperature, and then
held at 38°F for another 24 hr. The lamb loins
and beef ST muscles were defrosted 24 hr at 38°F.
All bone and external fat was removed from each
cut. The entire 1.D from the beef shortloins wias
used, but only the LI) from the 9-11 rib portion
of the beef ribs was utilized. o

Cookmg was done in' deep fat maintained at
225t 1°F to an internal temperature of 165F.
These conditions were selected to give uniform
doneness without excessive crusting of the outer
surfaces. The muscles were allowed to cool for
15 min before samples were removed for testing.

A Carver laboratory press was equipped with a
motor and gear-reduction box to duplicate the
apparatus described br Sperring ct_al. (1959).

aw and cooked samples 1 inch in diameter were
used with this machine. A Warner-Bratzler shear
was used for testing the 1-inch cores of cooked
beef and jA-inch cores of cooked lamb. A panel
of 18 judges scored samples for tenderness onlr,
on a scale of 1 (extremeIY toughg to 9 (extremely
tender). Panel "personnel varied to some extent
from test to test. The judges were given R.-inch-
long 1-inch cored beef samples and’ >-inch-long
1.-inch cored lamb samples. Samp_lmg positions
within each muscle were randomized for the
tenderness  determinations.

. RESULTS AND_DISCUSSION
Six raw-press readings were taken on
each cut and averaged "as the tenderness
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Tabic 1. Means and standard deviations of tenderness measurements.
Press Shear Pa&e
Press raw cooked cooked Cooked
No. Mean 8@9/ Mean 8@9 Mean 8&9/ Mean a&j/
1D beefribs 7 1 2% & 973" 131 751 053
LD beef shortloin;i 15 w9 28 72 9.94% 153 697 081
ST beefrounds 51 402 55 489 70 1129° 19 560 064
LD lamb loins 129 % 3 250 63 419" 217 714 090
hear 1-in. core.
%'B tt% Sshee{%lrr J"I-nln.c 0croere
index. The press and shear readings of the It was noted durin pre_IiminarY_ work
cooked cuts were the average of three tests that shutting off the motor did not eliminate
on each muscle. Analysis of the means one or two pumping strokes of the press,
shown In Table 1 indicated that, for each which produced greatly increased  readings.

method of tenderness evaluation, there were
significant differences among the carcasses
that provided the cuts. The on(ljy exception
noted was in_the raw-press readings of the
7 beef rib LD muscles. When thé average
raw and cooked press values are compared
It IS seen that,cookm? markedly increased
the values. This effect of cooking meat has
also been noted when the shear ag aratus
was used (Ramshottom et al., 1945).

Sperring et al. §1959) recorded raw LI)
érlb) values of 329 and cooked values of
96. Their cooking endpoint was 140°F.
In the present study, raw and_ cooked press
values of the LD were respectlvelz 178 and
291, 1t should he emphasized that all of
these meat cuts had a minimum frozen
storage period of 8 months, whereas those
of Sperring ct al. were fresh, and aged a
maximum of 10 days.

Correlation coefficients (Table 2) show
that with cooked meat there is very little
difference between the press or the shear
apParatus as a predictor of tenderness as
determined by a sensory panel. The lack
of significant correlations between raw-press
readings and panel scores for cooked meat
indicates that the press has limited aPp,Ilca-
tion when used with raw samples. This is
in contrast to the results of Sperring ct al.
(1959), who reported coefficients of .399,
—017, and .199 between raw-press values
and ganel scores on fresh LD muscles aged
for 3, 7, and 10 days, respectively. The
shear apparatus when used with raw pork
also does not agree with panel scores of
cooked pork (Murphy and Carlin. 1961).

To counteract this effect, the fluid release
valve was opened manually when the first
extrusion of meat was obServed. A more
critical definition of the endpoint and cessa-
tion of pressing may increase the accuracv
of the press tenderness measure.

Table 2. Correlation coefficients of tenderness
measurements.

LD, ST L
b%elf:%?s shnot%:ﬁ%figs wbger?fi n'ﬁf%g
Press {raw) and
panel scores =2 -47  -12 <&
Press icooked) and
panel scores  —85% -95** -34% . 51xx

Press (raw) and
press (cooked) .24 4 13 10
Press (raw) and

shear (cooked) —32 62¢ -.09 14
Press (cooked) and
shear (cooked) 81* 7% 11 A7
Shear (cooked) and
panel scores  —67  -75%* -38** .57**
wpefh
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SUMMARY

Difference thresholds for 4 organic acids, determined at a reference con-
centration of 0.615 (as g of tartaric acid per 100 m1), were found to be £0.13
? per 100 ml for tartaric, £0.18 ¢ per 100 ml for citric, +0.10 g per 100 ml

or fumaric. and £0.13 ¢

per 100 ml for adipic. The response reaction of

the panel to these acids appeared to l)e to molar concentration rather than to
BH or normality when dealing with near-threshold amounts added to a highly

uffered medium.

When the acids were compared directly by addition of equal molar amounts
of each to a wine (egual to 0.20 g tartaric acid per 100 ml on a molar basis),

citric acid was judge
the least sour. P data in
acids over fumaric and adipic acids.

~ INTRODUCTION.

Tilt- acid taste is ait important sensorv
property of many foods and beverages. In
dry wiries acidity is one of the major factors
determining the” flavor balance and general
taste |m,Pr,e55|ons. Legally and
cially, citric, acid or tartaric acid mav be
added to wines in amounts sufficient, gen-
erally, for adjusting to a desired acid lével.

It"was recently reported (Anon., 1962)
that fumaric acid might he more advan-
tageous than citric acid for adjustln% acid
levels. Fumaric acid |sastrongzer acid than
citric, and would he expected to affect pH
to a greater extent on a weqht-per-vol_ume
basis Decause of its lower molecular weight.
Amerine ct al. (1959) stated, however, that
relative sourness is a function not only of
pH but also of titratable acidity. Béatty
and Cragg (1935). summarized” work on
the sourness of acids, and indicated that
relative sourness, in unbuffered solutions, is
not a function of molarity. The¥ indicated
that relative sourness in" unbuffered solu-
tions is proportional to the amount of phos-
Phate buffer necessary to bring the ‘solu-
jons to a pH of 4.-,

A study was made to_compare four or-
ganic acids é,tartarlc, citric,. fumaric. and
adipic ) on a direct molar hasis in dry white

commer-

most sour, fumaric and tartaric about equal, and adipic
Preference data indicated trends in favor of citric and tartaric

wine. The first two acids are found in or
added to wine, and the last two have been
suggested as additive acids for wine, In
adaition, difference thresholds were deter-
mined for the four acids.

METHODS AND MATERIALS

F,ood-%rade or CP anhydrous ‘acids (minimufh
purity 99.590 were used.” Table 18IVGS the dis-
sociation constants (Hodgman, 1843; Karrer,
1946) of the acids and the molar ratio of each
acid compared to tartaric acid. Calculated amounts
of the acids were weighed out each day and added
to the wines. Difference levels for th$, constant-
stimuli comparisons were prepared by blending
the unacidified wine with the wine containing the
highest amount of added acid. The wine used, a
standard white wine front grapes grown in the
Davis vineyard, would he typical of a commercial
wine acidified durln(l; cellar treatments.

Difference thresholds for each acid were deter-
mined by the constant-stimuli method, and solu-
tions for detectable difference were made bg the
maximum-likelihood method described by Jones
(1957). This_method is a_slightly modified ver-
sion of probit analysis (Finney,” 1952). Direct
paired comparison of the various acids was evalu-
ated by Fisher rank-score analysis as described
by Jones (1957). _

For evaluation of the difference threshold (50",
correct above chance), 7-10 panel members tasted
six pairs of one acid per day, at three evenly
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Table 1 Physical constants of four acids.
ra“ESqL(/%IOanolahson Dissociation constants

Acid Ony elg ? 1st hydrogen 2nd hydrogen 3rd hydrogen
Tartaric 10 11 X Ler3 6.9 x 10%
Citric 128 84x10° 18x 103 40x 10
Fumaric 0.77 10x103 30x10"3
Adipic 0.97 39x 103 53x 10™

spaced molar concentration levels above, and three
below, the constant stimuli (Table 2). The four
acids were alternated hg days, and ‘orders were
randomized within and Detween pairs. Each acid
was tasted for a total of 6 days, allowing 48 or
more individual determinations”on each compari-
son to be made with the constant stimuli. Earlier
work by Ough and Stone 11961_) showed that
this number gives sufficient stability to the vari-
ances.

Direct-comparison tests were made on the four
acids by _%lvmg each of 10 tasters 6 pairs daily
(all possible combinations of the four acids) in
randomized orders. This test was replicated once
on each of four days. Acids were added in equal
molar amounts equal to 0.20 g of tartaric acid
per 100 ml..

In the difference tests, panel members were
asked to state which was the most acid. In the
comparison tests they were asked to state which
sample tasted more Sour and also to state a pref-
erence. The instructions indicated that they were
not to hase the Preference decision solely on their
acid decision but on the general taste impression.
Dual questions asked on the same samples can

Table 2. Acids added

sometimes lead to non-independent answers, hut
in this case, with a highly experienced panel, it
was felt to he legitimate. _

To determing the effects of the added acid on
the hydrogen ion concentration, pH's were deter-
mined on a series of each of the acids.

Tests on data for independence were deter-
mined by the normal x= methods. Homogeneit
of variances were tested by Bartlett's (1947¥
method. Test for differences in slope were made
using the standard Student's t-comparison.

RESULTS AND DISCUSSION ,

_The differences in pH between tartaric,
citric, and fumaric are negligible. Adlﬁlc
because of its low dissociation constant, had
ve}_y_ little effect on pH (Table 3).

_Figs. 1 and 2 show the results_of the
difference tests for the four acids. Table 4
?IVGS the analyses of variance. Residual
terms of the anialyses were all insignificant,
indicating no deviation from the "normal-
response law. The linear regression equa-
tions in the figures indicate "the slopes of

in the constant method.

. Grams per 100
Base wyine Levels (as led mo}ar Jﬂlferences)

Acid S 2 4 ¢ 4 2 +3
Tartaric 0.540 0.000 0.025 0050 0075 0.100 0.125 0.150
Citric 0.540 0.000 0.032 0064 0.0 0128 0160 0192
Fumaric 0.540 0.000 0019 0.039 0.058 0077 0.096 0.116
Adipic 0.540 0.000 0024 0049 0073 0097 012 0.146

1Reference.
Table 3. Measured pH values of acid levels.
Constant-stimuli method Direct comparison
: Acids added in
Levels (as coded molar differences) equa?m BrRolhts

Acid =3 2 -1 (k +1 +2 +3 W?’%OQ%J
HERERER D
A R/ A& (R T O :

Control 374

Reference.
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the lings. These slopes were compared to
each other, and no. significant ditferences
could be shown, indicating that at the rela-
tively small differences, needed for difference
detection, the panel did not react anY dif-
ferently to one acid than to another. It thus
appears. that responses to the four acids
were primarily to molar concentration. This
was surprising considering the, relatively
large pH effects of tartaric, citric, and fu-
maric in comparison to the mmqulcant
changes caused by the adipic and_that the
titratable acidity of the citric acid is 9reater
than that of the other acids. The total num-
ber of correct decisions for each acid was
tested for independence and found to he
homogeneous. Testing for independence of
replicates also indicated that the data were
homogeneous. However, inspection of the
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raw data indicated quite wide variations in
the tasters. The test for independence for
tasters gave a very highly significant x2
value of 42,39 with “9df. "Further inspection
indicated that the panel could be divided
info two nearl_)(_ uniform groups—one (1)
with high sensi !vn)r to the acid differences
and one (I1) with low sensitivity. The test
for independence on the two groups indi-
cated homogeneity. Group | consisted of
tasters 6, 8, 9. and 10, and Group Il of
tasters 1.2, 3,4, 5 and 1.
Fig. 3 plots the total data for each ?roup.
The “analysis of variance of the dafa for
each group showed insignificant | residual
terms.” The sIoPes of the re?ressmn lines
were significantly different (=586 with
8 df). This large and significant difference
in group response is not unusual, as similar
resEonse differences have been rePorted by
Baker et al. (_19582_ and Mrak et al. (1959).
There were ‘insufficient replications to de-
termine individual regression lines for each
acid for each group, but it was possible to
determine the ‘independence of the number
of correct responses, to each acid for each
group. Analysis indicated the responses for
each  acid b} groups to be homogeneous
(Group I, x2="1-48 3 df, and Gro,uP] [, x2
= 6.46 3 df). For Group Il the slight trend
indicated was associated with fewer correct
answers for tartaric acid comparisons.
_ Hinreiner et al. (1955), with a 12-16-
inember panel usin trlanFuIar taste tests
found a difference threshold of +0.15 g of

T T T T

w
i

- N GROUP o
Y:-0.003+186(x-0.077)

®GROUP I A
A
Y:0.055+.448(x-0.008)

RELATIVE MOLE DIFFERENGE CONGENTRATION
|

|||||

DEVIATES
Fig. 3. Comparison of two taster groups usin
resuﬂs of %e gom%medo acid tests. grotp J
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tartaric acid per 100 ml with a reference
wine of 0.74 g of tartaric acid per_ 100 ml.
In the present investigation, difference
thresholds for the four acids were tartaric.
£0.13 ¢ per 100 ml; citric. £0.18 g per
100 ml; fnmaric £0.10 8 per 100 ml> and
adipic, +0.13 ¢ per 100 ml. Considering
that the reference concentration was a lower
value (0.615 as g of tartaric per 100 mil
and that a more Sensitive test (paired ) was
used, the results for the tartaric acid are
reasonably close to the reported difference
threshold,

The difference threshold (on Pooled re-
sults and calculated as response to tartaric
acid) was +0.112 g per 100 ml for Croup
| and £ 0.1658_per 100 ml for Group II.

The use of Fisher's rank scores for the
analysis of paired comparisons applies to
tests' where object differences are suspected
hut no criteria for a difference are avail-
able. The added molar amount of the four
acids were e%ual and based on 0.20 g of
tartarlc]per 100 ml. The pil values (Table
3) conform reasonably well to previous
measurements and indicate little difference
between tartaric, citric, and fnmaric. Again,
a Iar_(l;e_ difference is shown by the adipic.

Citric acid was considered most sour,
adipic least sour, and tartaric and fumaric
about equal. Table 5 gives the mean ranks
and the analvsis of variance. This rein-

SENSORY EXAMINATION OF Fol k ORGANIC ACIDS ADDED TO WINE

forces the conclusion of Amerine ct ill.
(1959) that the apparent sourngss is de-
pendent on pil and titratable acidity. De-
spite the fact that the base wine contained
mainly tartaric acid, and also that the buffer
capacity of any wine |s_reasonabIP/ hl%h,
the results tend’to agree with those of Beatty
and Cragg (1935).

It is O Interest to see the number of
agreeing jud%ments involved in the direct
comparison study (Table 6). In 40 trials
Ber comparison only  citric vs, adIPIC could
e differentiated decisively when the panel
was asked for an acid judgment. Despite
the large amount of added “acid, no differ-
ences could he found in 40 trials between
direct comparison of citric, fnmaric, and
tartaric, or comparison of fumaric or tar-
taric to adipic.

Separate analﬁsm of each panel member's
responses (for the four replicates ) indicated
that four subjects could significantly rank
the acids. This group (II) contained "tasters
3. 8.9 and 10.” Croup II contained tasters
1.2 4 5 6 and 7. It appeared that the
acid X replicate interaction variance ml(t;ht
separate into two groups. Using Bartlett's
test for homogenelté/ among variances
yielded a  value.of 9.58 for g df, indicat-
ing no real differences in individual vari-
ances. However, the pooled variances of
the groups did differ significantly. It is of

Table 4. Constant-stimuli test of equal molar acid differences.

Source of x2 4 %

Tartaric acid
Regression
Residual
Total

Citric
Regression
Residual
Total

Fumaric
Regression
Residual
Total

Adipic
Regression
Residual
Total

(& 3 = =l (& 3 W S [& 3 I S
= o [
o [Sx] ({=)
(321 o o

[& 3 I S
(o)
o1

Analysis of variance
X Probability
46.70 P< 001
4.66 40> p> 30
4594 P< 001
2.83 0> p> 50
68.65 P< 001
5.23 0>p> 0
64.75 p< 00
8.92 10> p> 05



OUGH

Table 5. Panel comparison of equal molar amounts of acids.
Analysis of variance

Source df = ms
Total 120 14737
Acids . 3 14473 4.804**
Tastings X acids 1 60.264 0.515
Mean rank scores
Tartaric Citric Fumarie Adipic
0.049 0.359 0.055 -0.463
** Significant at 1/> level.
Table 6. Direct comparison of the acids.
Number of agreeing judgments
Taré?{rilcc VS, Tafﬁr%reia?i(\als' Tartgnc Vs, {Jtrrﬁ% r\Ilg Cétéiﬁ i\C/s. Fumdarle Vs,
Higher acid 2 18 19 A % ¥ oA B I B B
Preference % 24 224 1 2 B3 2 20 2 19 A B9
* Qignificant at level (two-tail. test
xk g‘ﬂnmcant at 81/0 i’vel two- tlalletseg)
Table 7. Group comparisons of equal molar amounts of the acids.
Analyses of variance
Source df s ms
GrouPI
Total 4 28.109
Acid _ 3 16.027 5.342%*
Acid X tastings 45 12.082 0.268
GrouP [l
Total I 46.628
Acid _ 3 2.853 0.951
Acid X tastings 69 43775 0.634
Mean rank scores
Groups Tartaric Citric Fumarie Adipic
I 0.086 0.682 0.044 -0.726
Il 0.025 0.143 0121 -0.288
** Significant at 1% level.
Table 8. Preference evaluation.
Mean rank scores Analyses
Taster X acid Acid(3df)
Tasters Replicates  Tartaric ~ Citric ~ Fumarie  Adipic df  Variance Variance
All 1234 0174 0123 0091  -0.206 117 0584 1284
49 1234 0040 0805 -0.548 -0206 2 0223 2766
123567810 1234 0208 -0.048 0023 -0.184 93 0610 0853
All 124 0212 0187 0123 0277 87 0540  L719*
49 124 0047 07% -0502 -0.288 15 0264 L1755
12356,7810 124 0254 0050 -0028 -0275 69 0573 L1146
ganlpcant at tne 5% |eve|.
Ignificant at the 1% level.

105



106

interest that 3 of the 4 tasters in (jroup T
were also in the prior Group_l._AnaIyzm%
the two groups separately indicated” tha
most of the acid variancé was associated
with Group | (Table 7). ,

Analysis of the preference choices for the
group showed that the group as a whole
id not have a significant preference for any
one acid. Two tasters (4 and 9) did have
squlcam preferences, A test of the repli-
cate X acid interaction variances of the
group showed no heterogeneity, The pooled
variance of tasters 4 and 9 did differ sig-
nificantly from the rest of the group. Fur-
ther ingpection of data showed an u,nusuallp/
low acid variance for the 3rd reﬁ)llcate_. f
this replicate is removed, the analyses indi-
cate a significant ranking for the “group as
a whole.” The mean rank scores and the
analyses are shown in Table 8 for the vari-
ous groupln%s, of the data. Tasters 4 and 9
reférred citric acid and disliked fumaric
0 a significant degree. The rest of the
tasters (with or without the 3rd replicate
removed) showed no significant preference.
The group as a whole (with the third repli-
cate removed), however, showed about equal
preference for tartaric and citric and did
not like the adipic and to a lesser degree the
fumaric. (Reference to Table 6 indicates
the direct-comparison, agreeing-] jreference
jud1gments for 40 trials.) _

_The preference data are rather inconclu-
sive for the group as a whole, but the trend
was toward, preference of citric and tartaric
over fumaric and adipic. It should he re-
membered that this is a small panel, only
10 individuals, and that the preference of
these individuals does not necessarily apply
to the population as a whole. It should also
be noted that the level of acid in itself could
he afifecting ?reference_ decisions in that the
impression”of citric acid as beln% more acid
could influence the panel member because
he likes a higher acid, or converse effects
could be postulated for the adipic acid.

On a weight-per-volume basis, replace-
ment of citricacid bv fumaric acid as a wine

SENSORY EXAMINATION OE FOUR ORGANIC ACIDS ADDED TO WINE

acidulant would be expected to fall between
the ratio of 4 parts fumaric to 5 parts citric
and 3 parts fumaric to 5 parts citric, de-
pendm? on the amount of acid used and,
probabY to a certain extent, on the wine.
It small amounts (near difference thresh-
old) are used, the more favorable ratio
would be sufficient, If larger amounts of
acid are used, a ratio betweén 3: 5and 4: 5
would  seem more appropriate because of
thte,sllghdtly more acid taste attributed to
citric acid.
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SUMMARY

The yield stress of food materials plays an important role in their flow
characteristics. It is possible to determine the yield stress from the shear
stress-shear rale data determined from a narrow-gap viscometer and applying
Casson’s equation. The yield stress determined in this manner checked with
the yield stress determined from the torque exerted on a serrated cylinder at
rest.

However, the yield stress for apﬁlesauce and tomato puree is much lower
with a single-cylinder viscometer than with a narrow-gap viscometer. This
is apparently due to disruption of suspension aggregates under shear, with
the release of entrapped fluid at the cylinder wall. It is expected that materials
in which large amounts of entrapped fluid are released under shear will not
exhibit this phenomenon.

The shear stress vs. shear rate data from the narrow-gap viscometer could

be fitted by a power-law equation.

INTRODUCTION

Yield stress or the shear strength of a
fluid refers to the stress that must hé exerted
to just move one fluid layer past another.
Electrical, chemical, and mechanical forces
between the molecules and particles in a
fluid all contribute to the %leld, stress. The
rheological importance of the yield stress or
the shear strength of food materials is often
overlooked. o ,

Yield stress significance. Yield stress
has a gire_at influence in laminar flow in tubes
in that it determines the point in the tube
where plug flow occurs E)see Figure Ila).

Rw
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The Point in the tube where plug flow oc-
curs Is given bv

K = distance from center
AC= Fressure drop in tube
AC=length
AT = tube radius

C=yield stress

_ This is of great importance in determin-
ing the lethal effects in the hoI_dlng tube of
aseptic canning processes and in_determin-
ing pumping requirements of fluids in pipe
SysStems. . . . -

The yield stress is also important in_its
effect on the coating characteristics of fluids.
For example, the amount of fluid remaining
on a vertical surface after draining is given
bv (see Figure Ib)

IC=CZ 2
where:  IF = weight of fluid

C=yield stress

Z = surface area

Indirect determination of power-law con-
stants. The shear stress-shear rate charac-

where



0] L}

Fig. Ib. Coating on vertical surface.

teristics of many non-time-dependent food
materials may bé expressed by

T=hy’+C [3]
where : 1= shear stress
y = shear rate

b,s = power law constants
C=yield stress

It was recently shown ECharm, 1963
that the power-law constants. b, s, and
can theoretically be determined from a

imgle-cylinder viscometer of the Brookfield
)
ypThe relations between b, s, and C, and

the_speed and torque exerted on the rotating
Ic:yllnder of the viscometer, are given by (see
|

g. Ic)

N R. A
bJ \' - (1 ——%)
N7 L2nCR?
J R

and
R-_- :J A
L2xC

1/s dR
R (4]

[5a]

YIELD STRESS OF FOOD MATERIALS

where: L =length of cylinder in contact with fluid

N = speed of cylinder, RPS _

A =torque exerted at surface of cylinder

Ri=radius of cylinder _

R<= distance from center of cylinder to
where stress equals yield Stress and

streamline velocity is° zero

In order to relate torque (A) to cylinder
speed. (N ), it is necessary to, solve Eg. 4
?raphlcally. The yield stress is determined
rom

€= (%) _’1er12 150

where \/ (]i) is the intercept of the plot
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str';isg,' Ic. Cylinder rotating in a fluid with a yield
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- When no yield stress exists, the following
simpler relationship exists :

rojor1 bl
x  G2nb | % m R

The development of Eq. 5 and Eq. 6 re-
uired the assumption of Eq. 3. Therefore
the determinations of the constants b, s, and
C are not directly determined but are based
upon the prior assumption of Eq. 3 as belng
the relationship between the shear stress an
the rate of shear.

Direct determination of shear stress-
shear rate behavior, Through use of a
narrow-gap concentric-cylindér viscometer,
it is possible to determirie the shear stress-
shear rate relationship of food material with-
out the prior assumption of any r vs. y
relation. " In this case :

V' 2irNRx

where V = linear velocity of moving cylinder
G =gap width between concentric cylinders
Ri= radius of inner cylinder
Q

According to Wilkinson (1960), if = is

not greater than 0.05 the variation across
the gap width in both stress and shear rate
will he about 10% (for a Newtonian fluid).

The shear stress may be determined di-
rectly from the torque éxerted on either the
moving cylinder or the stationary cylinder
since:

_Casson’s equation, From theoretical con-

siderations Casson %1959? found that print-
ing-ink suspensions have the following shear
stress-shear rate relation:

yI7=Kyly +yl~C 9]
where K is a constant.
Steinert  (1958) showed that melted

chocolate, which is essentially a suspension
of cocoa particles and sugar in cocoa butter,
follows Casson’s equation. Although Cas-
son's equation is not a convenient form for
expressing tvs. y, because of the integration
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difficulty when applied to How problems, it
does afford a means of evaluating the yield
stress, C. For fluids obeying Casson’s Tela-
tionship, a plot ofy/ tvs.y/y should result
in a straight line whose intercept is y/ C.
It is necessary to extrapolate the line to de-
termine the Intercept. Havmg determined
the shear stress-shear rate data and the
Y’Ield stress in this way, any convenient equa-
jon. e.0., Eq. 3, may be used to fit the data.

EXPERIMENTAL

t Vs, 7 from Haake viscometer. The shear
stress-shear rate behavior of applesauce and to-
mato puree was determined in @ Haake viscometer.
_The Haake viscometer is a concentric-cylinder
viscometer with a number of interchangeable cy-
lindrical sRdees. In this case a cylinder was
employed that resulted in a gap width "of .0954 ¢m
with a spindle radius of 4.08 cm. This system made

a2 T

| T
- ° _

Applesauce

34—

30—

]
|-
§
|

22—

14— —

0 10 20 30 40
Vy sec”!

e 1d. Casson relationship for applesauce

Figur
and %Omalo puree In Haake VISCOMETET.
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Fig. 2. Log.(t—c) vs..log 7 for applesauce and
toma%o pureeg |rg Haa2<e wscgmeter. PP

{¢]

possible the direct determination of the shear stress-
shear rate relationship of the applesauce and
tomato puree. The shear rates ranged from 842
sec” to 1370 sec ' (see Table 1).

When the-y/r vs.-y/was plotted, the results
fell on a straight line that was extrapolated to
-yly =0 (sec Fig. 1d).

The yield stress for applesauce evaluated in this

manner was found to be 593-(-1----;,--,

Ve and for

dynes o

tomato puree 213 {m (see Table 1).
Yield stress from serrated cylinder, It was

possible to determine a value for the yield stress
directly from a serrated cylinder associated with
the Haake viscometer.

In this case a serrated cylinder immersed in
the fluid was twisted and allowed to come to rest.
The torque exerted on the cylinder at rest was
related to the yield stress by Eq. 5b. The yield
stress determined ch this method was compared
with that determined by extrapolation in Table 1

Fitting power law equation to shear stress-shear
rate data. A plot of log (r—C) vs. log y re-
sulted in a Stl’&l?ht line {see Fig. 2). The “slope
of the resulting line was s. Having determined v
it was possible to determine b by selecting a value
of t and 7 and solving Eq. 3 fSee Table 1).
_Determination of yield stress from single-cylinder
viscometer. A Brookfield model HY viscometer
with a cylinder 095 ¢cm in radius was employed
to determine the torque-speed relationship “for
applesauce and tomato puree. By plotting -y/.-f/L
\S -yLY and extrapolating to-y/.Y =0, it was

Eossible to determine the yield stress C from
g. 5b (See Table 2 and Fig. 3i.

DISCUSSION

The shear stress-shear rate relation for
applesauce and tomato puree indicates that
these materials follow Casson's equation, as
does chocolate (see Fig. Id). “lhe yie
stress determined from™ Casson's equation
and from the serrated cylinder in the Haake
Viscometer agree f_avorabl_¥. However, the
yield stress determined with the Brookfield
single-cylinder viscometer is less than that
found with the narrow-gap viscometer.

This is apparently due to the fact that the
tomato puree and” applesauce suspensions
are agqregates of particles and fibers that
entrap fluid (see Fig. 4). Under shear, the
aggregates are broken, releasing fluid in the
area of the [otatlng} cylinder surface. Thus,
less torque is exerted on the cylinder wall,
with a resulting lower apparent”yield stress.

Or—T 71 T T T T 1

Applesauce
70 + —

® L=50cm
+ L=24cm

60— + —
Tomato Puree

O L=46cm

50— —

A/ % dynes

0.4 08 1.2 1.6
¥ N RPS

Fig. 3. . Force acting on spindle as a function
of saeeg in Broo ﬁepag wscorﬁeter for applfesauce
and fomato puree.
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Table 1 Shear stress-shear rate behavior in Haake viscometer.

/?ﬁt\ ?E‘yfﬁﬁ?f\ de
: N \negecs
Material (se%—l) %ﬁs v/ o2/ cmsze s
Tomato purée S8 294 23 230 9.2 554
16 320
1S 375
229 407
457 490
685 570
1370 184
Applesauce 8.42 1% 5% 586 5.3 0470
169 815
25.1 845
508 945
76 1010
152 1210
229 1340
457 1600

“Table 2. Force vs. speed for applesauce and tomato purée in Brookfield viscometer with
cylindrical spindle.

\ L ﬁ % . Spindle g{gss-section
Material (RPS) (cm) (dynes) dgmez Curved-Sitace area
Tomato purée 008 46 580
016 675 8 0.103
0416 892
08 1175
16 1430
32 1750
8 2210
167 2830
Applesauce 008 24 900 [ 0.19
016 1230
0416 1820
.08 2480
16 3600
32 4950
Applesauce 008 50 965 90 0%
016 1190
0416 1710
08 2300
16 2610
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Broken
Aggregate

Intact
— Aggregate

Fig. 4

. Idealized coafentrated. suspension with
imm

rsed rotating spindle breaking aggregate.

Undoubtedly. the same effect occurs in the
narrow-gap viscometer. However, as
pointed “out by Whitmore (1959), In a
narrow-gap concentric-cylinder viscometer,
where a concentration gradient exists, the
viscometer measures the characteristics of
the average concentration rather than the
fluid at the rotating surface. His develop-
ment of this is as follows: “Suppose that a
quantity of suspension of bulk volume con-
centration ¢ Is introduced between two In-
finite, parallel, horizontal faces [see Fig. 5j,
and suppose that by some mechanism the
suspension particles become redistributed
into horizontal laminae of different concen-
trations. Let the thickness of the laminae be
d\, &> d-i-dn, the mean concentration of
particles in_each laminae be ig, ¢2 r{ .
and the viscosity of the suspensions in
each laminae be yi, y2 1iS..yn. Let the top
Blate be moved _ horizontally relative to the
ottom plate with unjform™ velocity V and
the interfacial velocities be V\, V2, U:.
I'Vi, 0 respectively. , ,
If the shear force transmitted across unit
area of the plates is F then, from the defini-

tion of the coefficient of viscosity,

VAV -t\) _
f
(F..-0 Ho|
V-V= ™yt =)t
Iid,
V"I*OZ*GT HU

FOOD MATERIALS

“Adding the terms

) ] dy N d: dy
V=F m ,

““Now it has been shown that tor many
dlsPerse suspensions the,wscosn?; is related
to the volume concentration by the equation

[12]

where K is a constant and v, is the vis-
cosity of the suspending fluid.

ub,stltutln? from equation 13 for v,
¥ .finin equation 12,

V- lﬁ d,(1eKc, ) +da(l-Ke>)+.dJ1-Kek)

F
Yo

where ¢ i the mean concentration of par-
ticles in the suspensmn between the Plates
and_d is the distance between the plates,
"The mean viscosity of all the sush)ensw,n
between the plates y is given, from the defi-
nition of the coefficient of viscosity, bv

d—Ked

... That is, the mean viscosity of the suspen-
sion, as calculated from the velocity and
shear force on the moving plate, is depend-
ent only upon the mean concentration of
particles between_ the plates, and is un-
chan(\;_ed by variations in concentration dis-
tribution 4t right angles to the direction of

movement.”
In suspensions where the aggregates have

: >y
?I o ™ )t\ﬁ
d. Cz T2 >V,
dy Cs M3

d T > V3
l c > Vn-i
C%n n n >0

Fig. 5.. Suspension divided into laminae between
honjgontal pﬂa@es.
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not entrapped Iarqe amounts of sus endlng
fluid, it 5 expected that the yield stress
determined b smgle cylinder and narrow-
%ap viscometers would agree. This has
een found to be true in chocolate (Walter

Baker, 1962).
From Flg 2 it apé)ears that r vs. y data
by Eq. 3

can he fitte
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SUMMARY

monas f

7.8-8.0). eqg white adjusted to pH 7.4. egé]. white with added
egg white (pH 9.0), and various egg medi

The Frowth characteristics and proteolytic activities of 3 strains of Pseudo-
uorescens were determined in blended fresh egg white (initial pH

yolk. 30-day-old
a at the 2% protein level. In all

cases the number of viable cells increased markedly during the first 12 weeks

of incubation.

Under certain conditions of incubation, strains 5 and 17

showed proteolytic activity in blended fresh egg white, and strain 10 in egg
white adjusted to pH 7.4 and in egg white with added egg yolk. Growth an
proteolytic activity were also observed in the 30-day-old egg white (pH 9.0).
All strains showed growth and proteolytic activity in the spray-dried egg white
growth medium (pH 7.4, autoclaved). Proteolysis was also determined on solid
media with various egg constituents as substrate.

Various studies have shown that psychro-
philic . bacteria are _responsible for “many
undesirable changes in the flavor, odor, body
and texture, and color of foods stored for
extended periods under refrigeration. De-
tailed information on various aspects of psy-
chrophiles—such as methods of enumeration,
species involved, effect on qualltY of foods,
sources of contamination, control, and bio-
chemical activities—is presented in a com-
Prehenswe review (336 references ) by Wit-
er (1661). Although psychrophiles isolated
from foods b_eIonq t0 mang bacterial genera,
those belon m% 0 Pseudomonas are ,Pre-
dominant. With respect to bagteri Ispm aﬂe
of sheII_eng, pseudomonads EP., torescchs
in particular ) are associated with various
types of rots,

()ur knowledge about the mode of entry
of ‘microorganisms into shell eggs has in-
creased greatIY during_the last™Tive years.
Results Teported by “Stokes and Qsborne
1956 ). Walden et al, (19563, Kraft ct al.
(1958), and Garibaldi and Stokes (1958)
indicate that the shell and shell membranes

"Journal Paper no. 4123 of the Texas Agricul-
tural Experiment Station, College Station.
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act primarily as a mechanical barrier to
microbial penetration. Microorganisms tha:
manage to pass these harriers ‘meet condi-
tions In the albumen (such as high pll. the
Presence of ovomucin, ovomucoid, avidin.
lysozyme, and conalbumin) that may be
inhibitory to growth,

With resgect fo P. fhtorescens. Avres and
Taylor (19 6% indicated that an increase in
the’ number of viable cells can occur in egg
white and in e%ﬁ volk at temperatures from
2 to 20°C. Other data (Garibaldi, 1960)
show that the high pi 1 found in egg white
and the iron-binding ca[)acn}/ of conalbumin
may prevent the growth of gram-negative
spollage bacteria. "Little or no information
is avallable on the proteolytic activity of
P. fluorescens on egg whité and egg prod-
ucts. The present report deals with the
growth characteristics and proteolytic activ-
ity of 3 strains of P. fluorescens in egg white,
with and without added yolk, and in"various
other egg substrates.

EXPERIMENTAL METHODS

Cultures. /”. fhtorescens strains 5, 10, and 17
were from a series of cultures isolated from eggs
in an advanced stage of "green rot" They were
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identified with reference to Breed cl ill. (1957).
Cultures 5, 10. and 17 were selected because of
their stron?( proteolytic activity against gelatin,
milk and alkaline egg medium {Somen{ of Ameri-
can Bacteriologists,  1:157). The cultures were
maintained on slants cf tryptone glucose extract
(TGE) a?ar. Prior to each use, the cultures
were transterred twice onto new TGK slants and
then into tubes with nutrient broth.

Collection of eggs. Eggs were collected from the
A and M College of Texas poultry plant from
White Leghorn hens housed in individual cages.
All eggs used were from hens fed the same ration.
Ibe eggs were collected every 30 min during tile
morning Iayln? period and placed in 70'1 alcohol
until used m the afternoon.

Breaking of the eggs. After removal from the
alcohol, the e_?gs were drained, flamed, broken,
separated (white from yolk), and placed in sterile
glass containers. These ﬁrocedures were conducted
In a “breaking box." The box was made of ply-
wood, equipped with a clear plastic lid, and ﬁ_ro-
vided with canvas-covered boles through which
the hands were inserted. Installed in this box
were a fluorescent light, a small Bunsen burner
an electrical outlet, and a small atomizer attached
to a tank of nitrogen to dispense a 1  solution
ot Koccal into the atmosphere inside the box.

The \%;g_wmte was blended for 1 min in a
sterile Waring blender jar attached to a variable
ower transformer (_Powerstat% set at 50 volts.
he blended e?g white was then transferred to
either 1- or 2-I- Erlenmcyer flasks equipped with
a 7-mm glass air inlet and a 5-nmi glass liquid
outlet tube. The liquid outlet tube was connected
to a Brewer automatic pipetting machine by a
sterile rubber tube. The syringe on the plpettm%
machine was adjusted to deliver 5-ml samples o
eggi preparations into sterile flasks or screw-cap
test fubes. _

Preparation of inoculum. A loopful of a cul-
ture of /°. fluurcscens from a TGE slant was
transferred twice to new TGE slants and then to
a nutrient broth tube, which was then incubated
for 24 hr at 25°C. One-tenth ml of the nutrient
broth culture was then transferred into 50-mi
Erlenmcyer flasks containing 25 ml of nutrient
broth. After incubation for 24 hr at 25°C, the
cells were removed by centrifugation at 0°C in
40-ml Pyrex glass centrifuge tubes in a Model-
PR-2 Initernational centrifuge at 2.000 r[)m for
15 min. The supernatant fluid was decanted and
the cells were suspended in phosphate-buffered
distilled water (\\'agenaar and Jezeski, 1952?.
This washing procedure was repeated. The cells
were then resuspended in the buffer, and tile ab-
sorbancy was measured in a spectrophotometer at
60 mF. The cell suspension was then adjusted
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to absorbancy values necessary to give the proper
concentration of cells for the experiments. The
dilution factor was established by correlating
with absorbancy values the number of viable cells
produced by glatmg on standard methods agar
(APHA, 1960). One drop of the diluted inocu-
;utmdwas added to each flask or tube to be inocu-
ated.

Proteolytic activity on solid media. Various
mixtures of egg preparations and TGE agar (10
ml per Flate) were poured into 15xI50-mm- plates.
The fol owmg substrates were used: a) fresh egg
white: h) alkaline e%g white (Souet)( of Ameri-
can Bacteriologists. 1957) without yolk: c; alka-
line egg without yolk, adjusted to pH 7.4 and
buffered with Veronal buffer (Colowick and Kaﬁ-
lan, 19552: dh alkaline eg% white, without yolk,
adjusted to pH 7.4 and butfered with Sorenson's
phosphate buffer (Colowick and Kaplan, 1955):
e) sgrav-drled egg white (Nutritional Biochemi-
cal Cor % and 1) alkaline egg white with yolk
added. The buffers used in all” these studies were
added as th |aned|ents to prevent dilution of
the egg white. After the TGE agar plates had
hardened. Whatman no. 5 filter-paper discs "4 inch
in diameter, soaked in nutrient broth cultures of
I, fliiorcscens, were placed on the surface of the
glate. The plates were then incubated at 10 or
5°C. At certain intervals the plates were checked
and the zones of c_Iear_m?, were measured. ,

Proteolytic activity in Tiquid media. Proteolytic
activity was determined by measuring: a) ‘the
ultraviolet absorption of the trichloroacetic acid
%TCA% filtrates at 280 mg: and b2 absorbancy of
the TCA filtrates at 640 mg with Eolin-Ciocal-
teu reagent (Folin and Ciocalteu, 1927P. In cer-
tain experiments the changes in total nitrogen
and TCA-soluble nitrogen were also determined
by a micro-Kjeldahl method (AOAC, 1960).
“Figs. 1and 2 describe the methods used in dilu-
tion and assay. ,

Bacterial numbers. Bacterial counts were made
accordm% to procedures described for eggs and
egg products (APHA, 1960). The Rlates_were
incubated 5 days at 25°C. Sterility of the uninocu-
lated samples was checked by the same technique.

pH. pH was measured with a model H Beck-
man pH meter. _

Composition of the substrates (%rowth media).
The following high-protein  substrates (aﬁprox
10.5%4 p_rotem%J were used: a) blended fresh e %
white with an initial pH of 7.8-8.0: b) blende
fresh egg white with pH adjusted to 7.4 and buf-
fered with 0.23/ veronal buffer: c) blended 2:1
v v fresh egg white and egg yolk, with initial pH
73 d) egq white with andwithout added iron
(FeSO, «7H-0). , _

Treatment of ‘egg white for pH adjustment and
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5 ml egg material + 10 ml 0.15.1/ XaCl

‘5- ion + | 0.151/ XaCl
o p%‘t%? nitrggrenn %’I /port?gn

5-ml portion + 5 ml 0.15.)4 XaCl + 20 ml 03.1/ TCA

Heat 1

at 31°C

Filter through Wh/a an No. 3 filter paper

Absorbancy at 280 mg

5 ml filtrate

%5 ml 031 TCA

~. Soluble nitrogen

TN A 5 ml filtrate
Fo ISty
Iml If}ltrate
5ml 0.12.1/ XaCl
Aml 0.11/ TCA
10 ml 0.5.+1/ NaOH

3 ml Folin-Ciocalteu reagent

Fig. L Dilution procedure for high-protein substrates.

the addition of buffer was _be(iun by placing
blended fresh egg white in sterile 1- or 2-L Krlen-
meyer flasks equipped with magnetic stirring bars.
The quantity of sterile LY X'aOH or HCL re-
quired to ad{ust_a 10-ml portion to the desired
pH was defermined. The required volume of
acid or base was then added to the large flask
while the magnetic stirrer was in operation. Buf-
fer ingredients were then added, the water present
being used as the diluent.

The egg white to which iron was to be added

received treatment in the following sequence: a{
1,000 ml of egg white were placed in a sterile 2-
Krlenmeycr flask e_quu% ed with a magnetic stir-
ring bar: b) FeSOi e 7H-G 120 mg Fe per liter)
was then added: and cl the egg white was dis-
pensed into sterile screw-cap test tubes.

The following “Iow-erotem“ (2, ﬁrotem) sub-
strates were used: al blended fresh egg white
diluted with double-distilled water: b) blended
fresh egg white diluted with 0.2:1/ veronal buffer;
) blended fresh egy white diluted with 021

5 ml egg material + 10 ml 0.3.1/ TCA
Heat 1 ﬁlr at 37°C
Filter through \\ ba}man no. 3 filter paper

Absorbancy at 280 mg

5 ml filtrate
+

15 ml 0.33/ TCA

" F(ﬁ‘lbnS-%PoacnaﬁYeu
Iml +filtrate

4ml 0.12.1/ XaCl

10 ml 0.5-.}-1/ XaOH

3 ml Folin-Ciocalteu reagent

Fig. 2. Dilution procedure for 2r7 substrates.
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phosphate buffer; d) alkaline eg% white adjusted
to pH 74 diluted with veronal buffer, placed in
test tubes, and autoclaved élO_mm 121°C) ; e)
spray-dried egg white diluted with double-distilled
water, autoclaved, and then adjusted to pH 7.4;
and f) spray-dried 0y white, diluted with double-
distilled water, autoclaved, pH adjusted to 74,
and buffered with veronal buffer.” The protein
content was calculated from the mtro%en content
as determined by a micro-Kjeldahl method
(AOAC, 1960).
RESULTS

Proteolytic activity on solid media. Prehmmarg
studies_showed that P. fluorescens strains 5 10,
and_ 17 possessed stro_ng proteolytic  activities
against gelatin, litmus milk, and alkaline e%g sub-
strate. Table L presents data on the proteolytic
activity of P. fluorescens strains 5, 10, and 17 on
various solid media. The various media supgorted
excellent growth and fluorescence of the 3 cul-
tures at both 10 and 25°C. No proteolysis was
noted on the fresh egg-white growth media. In
general, strains 5 and 17 showed proteolytic ac-
tivity on the various media at both 10 and 25“C
exceﬂt at some high levels of added egg material.
On the media with @ mixture of alkaline egg white
and yolk, proteolytic activity was observed for
each of the 3 cultures at both 10 and 25°C excegt
for cultures 5 and 17 at high levels of egg sut
strate.  Strain 10, which showed strong proteolytic
actlvnY in milk at both 10 and 25°C, showed no
proteolytic action at 25°C on the solid media ex-
cept in the presence of a mixture of alkaline egg
white and yolk. At 10°C, however, strain 10 ex-
hibited proteolytic activity in all substrates (ex-
cept fresh egg white) at some level of substrate
concentration. It was also observed that the ex-
tent of the zone of clearing decreased at the
higher concentrations of added egg constituents.

Growth characteristics and proteolytic _actw;th/
of P. fluorescens in egg white and egg white wit
added yolk. F|?. 3 presents data on the bacterial
counts “of P. fluorescens strain 17 in fresh egig
white, egg white with the initial pH adjusted to
74, and egg white with added egg yolk (2:1 viv
white and yolk). The patterns of growth of strains
5 and 10 were similar to that of strain 17. In
general, increases in the number of viable bacteria
were marked in the 3_(];rowt.h media at both 10
and 25°C. In egg white, high levels of viable
Bot)_ulatlon were reached after 7-35 days of incu-
ation at 100C, and bacterial counts then re-
mained relatively constant up to and including 91
days of incubation. However, in egg white ad-
justed to pH 74 (strain 10; and In egg white
with added egg yolk (3 strains), both marked
increases and decreases in viable count were ob-
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served during this period. At a culture incubation
temperature of 25°C, high viable counts were ob-
served after 7-35 days (depending upon Sstrain
and growth medium), followed by a reduction in
the number of viable cells. _ .
Data on the measurement of proteolysis (Folin-
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Table L Zone of clearing when /. fhtorcscnis strains 5, 10. and 17 were grown on various

solid media at 10 and 25°C.

10°C 25°C
5n 07 507 5007 500 5070
Spray-dried 2h 35¢35 % 47 47 47 39 0 39 43 04 % 093
egg white3 4 3B 0033 B BB H 0% 4 04 5 049
6 2931 29 4 4 4 3 03 4 04 & 04
8 29 029 4 04 29 02 33 037 4 04
0 29 02 % 035 29 029 B 0P H 046
5 00 0 A 03 337 033 B 0483 46 046
20 0 027 A A 3N 9 029 B 0D 4 04
% 29229 A AN 270 B 0B H 0L
AIkaIineeﬁg white, 2 31 03 & 04 3 031 & 048 % 05
BH T4,phosphate 4 31 0 3 4 043 3 0B & 048 % 05
uffer added 6 3 03 4 043 A 03 I 039 5 055
8 31 031 4 04 ;I 037 39 03 % 0%
0 2 029 4 04 3 03 37 037 465 04
5 29 029 31 03 29 029 H 046 49 048
0 2 02 H 0B 29 029 9 039 & 046
5 27 027 3% 03A 29 029 A 03N B 048
Alkalineeggwhite. 2 31 31 3 4 4 45 37 037 41 04 4 0 49
BH 7.4, veronal 4 3 3 3N 33y 0N B 0L H 05
uffer added 6 2929029 ¥ ¥y A 0N B 0B H 0L
8 293 29 A A A 27 03N B 0B H 05
0 27% 27 31338 29 09 B 0P 8 04
5 03 0 A N3N 27 027 2 02 A 03
20 000 03 0 00027003 02
%5 0 00 W03 0 000 27 00 A 02

AIkaIineeggwhite, 2% B B M4 4 403 4 493 4 49 37 4
eqq yolk added 4 3 R B 573737 4NN 4 4B NI

Alkalineeggwhite 2 41 4 41 % 53 53 43 0 43 49 0 49 6 0 6l

4 5 H H 44949 N 03 &H 0465 % 05

6 A A A HHLH B 0P 4 04 5% 05

8 A A3 FIAJA B 0B H 045 % 05

0 31 03 & 046 4 04 47 04 49 0 49

L 29 029 3 03 34 03N 43 0483 49 049

2029 029 31 030 31 03 4 04 5 04

5 29 029 331 0% 3 029 4 04 & 0656

Blended fresh

eqgg white 22 0 0 0 N OO0 OO0OO0O 0OO0OTO0O 0OO0TO
» Compoun TGE agar.
LGRS i o TCE
lamete (mm% of cleared zone.
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Ciocalteu procedure), expressed as absorbancy at
640 nn. indicate that with few exceptions the” ab-
sorbancy values of the TCA filtrates of the inocu-
lated samples remained relatively the same as
those of the uninoculated samples.” Some increases
in absorbancy values over those of the controls
were observed: a) in egg white with strain 5 at
10°C (after 28 days) and at 25°C (after 7 days),
with strain 17 at 25°C §after_ 28 days) ; b) in egg
white addusted to pH 7.4 with strain 10 at 10
(after 28 days); and c) in eg% whltegplus eg
yolk with strain 10 at "1()°C between 28 and
days of incubation. _Preliminary experiments
showed that in egg white inoculated with P. fluo-
rescens the patterns of increases were very simi-
lar in TCA-soluble X and in tyrosine and trypto-
phan (exk)re_ssed as absorbancy at 640 mg). A
similar relation was observed in skim milk inocu-
lated with certain pseudomonads (Vanderzant and
Moore, 1955). The amount of TCA-soluble N
in_egg white, expressed as % of total N, was
7.5%. ~ After incubation for 91 days, the amount
of TCA-soluble X was 9.4(C in egg white inocu-
lated with strain 5 and incubated at 10°C, and
105dc for strain 17 at 25¢C. The absorbancy
values of the TCA filtrates at 280 mg also indi-
cated that in most cases the absorbancy values of
the filtrates of the inoculated samples were simi-
lar to those of the uninoculated control samples.
After 65 days of incubation the absorbancy values
of the filtrates of the egg white inoculated with
strain 17 at 25°C remained slightly higher than
those of the control samples. The pH measure-
ments indicated that during the first 2 weeks of
incubation the pH value of the inoculated e
white decreased from 7.8-8.0 to 7.0-7.5. The p
value rose sharply after 55-77 days of incubation
at 10 C, hut notat 25°C. Fluorescence was usu-
ally observed after 24-48 hr of incubation at 25°C,
and after 5-7 days at 10°C. _
Growth and proteolytic activity in egg white
with and without added iron. P. fluorescens was
inoculated into egg white_with (20 mg Fe per
llter% and without iron. The data for strain 10
incubated at 10°C indicate that the addition of
iron caused a slight increase in the number of
viable cells. No evidence of proteolytic activity
was observed in the egg white with” or without
added iron. o
_ Growth and proteolytic activity of P. fluorescens
in 30-day-old egg white. E%gs were held in the
shell for 30 days at 2-3°C. They' were then
broken and the yolk was separated from the white.
The blended egg white was inoculated with P.
fluoresccns strains 5, 10, and 17. Eggs used in
this portion of the study were from the same
source and were collected at the same time as
those used in the 91-dayr growth study. The inocu-
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lated and control tubes were incubated at 25°C.
In general, the pattern of growth in 30_—da¥-old
egg white was similar to that observed in Tresh
egg white (91-day study), that is, a rapid_in-
crease in viable population during the first 7-21
days, followed by a decrease in viable count. Some
Froteolys_ls was observed in the edgg white inocu-
ated with strain 5 (after 21 days) and with
strain 17 after 7 days of incubation. " The extent
of the changes in absorbancy at 640 and 280 mg,
and in the amounts of total and TCA-soluble X,
were very similar to those observed with these
strains under similar conditions in fresh egg white.
The FH values of the inoculated samples decreased
rapidly’ from a value of 9.0 at 0 day (30 days
after collection) to 6.95-7.1 after 63 days of incu-
bation (93 days after collection).

_ Growth and proteolytic activity of P. fluorescens
in 2% substrates. Strains 5, 10, and 17 were grown
in various substrates containing 2% protein. The
various substrates were incubated at 10° and at
25°C for 35 days. Fig. 4 presents data on the
bacterial counts of P. fluoresccns strains 5, 10, and
17in e?g white diluted to 2% with distilled water.
The pattern of growth in the other substrates was
ver?/ similar to that presented in Fig. 4. In gen-
eral, the number of viable cells increased rapidl

and reached a maximum after 14-35 days at 10°

and after 7-28 days at 25°C, dependm(h;_upon strain
and growth medium used. After reaching a maxi-
mum, the viable count usually decreased in the
alkaline egg white and sgray-drled__egg white
media incubated at 25°C. This condition usually
was not observed in the eg% white media with or
without added buffer at both 10 and 25°C or in
the other media at 10°C. A comparison of the
absorbancy values of the TCA filtrates of the
inoculated” and uninoculated media (Fig. 5) indi-
cates that little or no proteolysis occurred in egg
white_or egg white with added buffer. Pro-
teolysis, however, was apparent after 7 days of
incubation in the growth medium with spray-dried
egg white (E) with each of the 3 strains of

9
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fluorcscens and at both incubation tempera-
tures Proteolysis also occurred after 7 days at
10 and 25°C with strain 10 in the alkaling egg-
white medium (D) and in the sprarydrred e?
white medium with veronal buffer Results
vr{erze8 0srm/rlar when the absorbancy was measured
a m/i

DISCUSSION AND CONCLUSIONS

The results indicate that the number of
viable cells increased markedly even without
added iron or without pH adjustment.
After reaching a maximum, the IeveI of po %8
ulation remained relatively constant at 10°

At 25QC, however, a reduction in viable
count usually followed. Data on the growth
10
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characteristics of P. flyorcscens in egg white
rom 30-day-old eggs indicate that; a()J rapid
rowth was mrtrated in egg white at pil
0, and b) the pH of the" inoculated e%
white decreased from 9.0 to 7.2 durrn% e
first 21 days of incubation. Althoug
data were given on the pH value of the
albumen, Ayres and Taylor (1956) also
observed increases in the’ viable populatron
of P. fluorcscens in eggbwhrte incubated at
10, and 20°C. Garibaldi (1960), how-
ever reported that P. quorcscens ?rew in
eqq white at pH_ 7.9 but not at pll 9.1 unless
supplemented with_sufficient iron to saturate
the conalbumin.  The inhibitory action of
high_pH in unsupplemented egng whrte ac
cording to that worker, may De_explained
by the relative increase in stabrlrt of the
ifon-conalbumin complex at higher pH val-
ues, resulting in a reduction i the avail-
ability of iron to the hacteria. In comparing
the present results with those reported by
others, certain facts should be kept in mind’:

a) In the first series of experiments
(91- day stud}/) the pH of the blended fresh
Tr?]gw ite at time of mocula tion was7880

H of the inoculated egg white de-
creased during the next 21 as both at
10 and 25°C) to approxrmatey 2. 1In
view of these conditions growth could be
expected to take place.

b). Initiation of growth occurred at pil
9.0 "in eqg. white from eggs stored 30 aY
under re rrgeratron The “possibility - exists
that the treatment of the egg white prior to
inoculation at pH 9.0 determines whether
growth can occur.

¢) Incubation of the egg white in the
present study was at both 10 and 25°C,
Wwhereas in other studies (Garrbaldr 1960)
it was at 28°C.

d) Strain differences with respect to
iron requirements, secretion of iron- brndrn%
rrrents and proteolytic enzymes may exer
fects on growth and/or proteolytic activity.
The concéntration of unbound “iron under
the present conditions of substrate prepara-
tion and incubation may have been sufficient
for these strains. Feeney and Nagy (1952)
also suggest that, as the bacteria grow and
utilize the unbound iron, the iron-conalbumin

e —h
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complex may dissociate to supply additional
unbound iron. T eg,,aho considered the
B055|b|hty that inhibition may take place
ecause 0f metal-ion imbalance; and that the
addition of metal ion may have merely ad-
}usted the ionic_relations to one favorable
or growth. It is also reported (Garibaldi
and “Neilands, 1956) that some spona?e
bacteria, when grown' in media with insuffi-
cient iron, secréte iron-binding agents. The
stability constants of the iron Chelates of
some were of similar order of magnitude
as that of the iron-conalbumin compounds
(Garibaldi, 1958). The ability of certain
strains of P. fhiorescens to cause proteoIst
in the egg white may also be an important
factor in “assisting the bacteria to multiply
in egg white, - _ _
Under certain conditions of incubation,
strains 5 and 17 caused some proteolysis in
egg white, However, no proteolytic dctivity
was, noted in egg white adjuste mPHYA
or in egg white"with added egg yolk. On
the other hand, strain 10 did’ not show
proteolysis .in egg white but did produce
proteolysis in egQ white adjusted to pH 7.4
and in _efr]g white with YOk added. Little
or no différence in growth pattern_was ob-
served between strains 5. 10, and 17. Other
data, however, indicate distinct differences
between strains with respect to proteolysis
of certain substrates. With sEray-dned %g
white (2%, adjusted to pH 7.4, autoclaved),
groteoly5|s was observed with each of the
strains.  However, with added veronal
buffer only strain 10 caused proteolysis.
Data on the_proteolytic activity of the cul-
tures on solid media indicate Strain differ-
ences with respect to incubation temperature.
In many cases strain 10 caused proteolysis
at 10 but not at 25°C. Strains 5 and 17.
however, showed Rroteolysw on_the various
substrates at both 10 ‘and 25°C. These
results also suggest that caution should be
exercised in the examination of a culture of
P. fluorescens for proteolytic activity on
solid media. Temperature of incubation and
concentration of egg solids in the ?IaUn
agar have a marked effect on the extent o

proteolvsis.
REFERENCES

APHA, 1960. “Sta for the
amination of Dairy Products. Microbiological

“Standard Methods for the Ex-

and Chemical.” 11th ed, Am. Public Health
Assoc., New York.

AOAC. 1960. *“Official Methods of Analysis.”
9th ed, Assoc, of Official Agr. Chemists.
Washington, D. C.

Ayres, J. C, and Betty Ta?flor. 1956, Effect of
temperature on microbial proliferation in shell
eggs. Appi. Microbiol. 4. 355. _

Breed, R. S, E. G. D. Murra?/, and N. R. Smith.
1957, “Bergey's Manual of Determinative
Bacterlologé.” Tth ed. Williams and Wilkins
Company, Baltimore. Md.

Colowick, S. P, and X. O. Kaplan, eds. 1995.
"Methods in Enzymologiv." 0i. 1 Academic
Press. New York. p. 14

Feeney, R, E.,, and D. A. Nagy. 1952. The anti-
bacterial activity of the egg white protein
_conalbumin. J. Bacterial. 64. 629.

Folin, 0., and V. Ciocalteu, 1927. On tyrosine
and_tryptophan _ determinations in proteins.
J. Biol. Chon. 73, 627.

Garibaldi. J. A. 1958. “Iron-binding Compounds
of Microbial Origin." Ph.D. " dissertation.
Univ. California. Berkeley.

Garibaldi. J. A. 1960, Factors in egg white which
gg?trol growth of bacteria. Pood Research 25.

Garibaldi, J. A, and J. B. Neilands. 1956. Forma-
tion of iron-binding _compounds by micro-
_or?a_nlsms. Nature 177. 526.

(jaribaldi, J. A, and J. 1. Stokes. 1958. Protec-
tive role of shell membranes in bacterial spoil-
age of eggs. Pood Research 23. 283.

Kraft, A. A, . E. Elliott, and A. W. Brant.
1958. The shell membrane as a barrier to
ggé:tenal penetration of eggs. Poultry Sci. 37.

Society of American Bacteriologists. 1957. "Man-
ual of Microbiological Methods.” p. 55-56.
McGraw-Hill. X. Y.

Stokes, J. L. and W. W. Osborne. 1956. Effect
of the egg shell membrane on bacteria. Pood
Research 21, 264,

Yanderzant, W. C., and A. Y. Moore. 1955. The
influence of certain factors on the bacterial
counts and proteolytic activities of several
psycbrophilic organisms. /. Dairy Sci. 3. 1

Walden. C. C., 1. Y. F. Allen, and P. C. Trussed.
1956. The role of the egng shell and shell
membranes in restraining fhe entry of micro-
organisms. Poultry Sci. 35. 1190.

Wagenaar, R. 0., and J. J. Jezeski. 1952. The
influence of the type of diluent on the growth
and survival of  Pseudomonas putrefaciens.
_J. Dairy_Sci. 35. 738, . _

Witter, L. 'D. 1961. Psychrophilic bacteria. A
review. /. Dairy Sci. 44. 983.



	JOURNAL OF FOOD SCIENCE 1963 VOLUME 28 NO.1
	CONTENTS
	Biochemical Changes in Fish Muscle During Rigor Mortis
	Polarographie Studies on Storage of Meats. XXII. Influence of Proteolytic Enzymes on the Polarographie Wave of Beef Protein Solutions
	Post-Mortem Changes in Chilled and Frozen Muscle
	Nucleotide Degradation in the Muscle of Iced Haddock (Gadus aeglefinus), Lemon Sole (Pleuronectes microcephalus), and Plaice (Pleuronectes platessa)
	Gelation of Egg Yolk
	Some Characteristics of a Proteolytic Enzyme System of Pseudomonas fluorescens
	Peonidin-3-monoglucoside in Vinifera Grapes
	The Essential Oil of Schinus molle: The Terpene Hydrocarbon Fraction
	Pectin Content of Raisins
	The Extraction of Pectins from Apple Marc Preparations
	Direct Chromatographic Analysis of Milk
	Volatile Esters of Bartlett Pear. II
	Color Studies on Processed Dried Fruits
	A Comparison of the Press Method with Taste-Panel and Shear Measurements of Tenderness in Beef and Lamb Muscles
	Sensory Examination of Four Organic Acids Added to Wine
	The Direct Determination of Shear Stress-Shear Rate Behavior of Foods in the Presence of a Yield Stress
	Growth and Proteolytic Activity of Pseudomonas fluorescens in Eggs and Egg Products

