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ABSTRACTS:

THIS 'SSUE

THE EFFECT OF PRE- RIGOR CHANGES Oj\flt\/IEA TENDERNESS THE EFFECTS OF ULTIMATE pH ON OVINE MUSCLE: MECHAN-

ARevrew R.P. NEWBOLD & P.V. HAR ood 7, 337-340 |CAL P EFéTé%S PE. BOUTON, P.V. HARRIS & WR. SHORT-

(1972)-A" comprehensive review of the effect of pre n or chemlcal HOSE. J 00 37, 356-360 219723 Pre -slau hter in ectrons of

changes (rate and extent of pH fall) and physrcal changes (postmortem  adrenaline were used t0 mduce a range of ultimate pH, 2,1

shor enmd on meat tenderness. Concluges that sine tenderness Is  muscles from young and c? sh eeé) Compression, shear and tensrle testm%

greatly influenced by the conditions prevailing during the period between  methods weré employed to_assess the effects attributable to variou

sIauqhter and the full development of rigor mortis, processing methods  structural component contrlbutmg to the Iarge chan(fres In tenderngss

should be aimed at minimizing postmorter shortening. associated with an increase in ultimate gH The results obtained using
RS ot i a0 I s Snuced et atrouh I siected 1

THE RELATIVE IMPORTANCE OF SO%F__ (I;T&RMINANTS OF dhesron bet%ve%n the fibers, it wai the fibers per s w |cﬁ were primarily

EEF TENDERNESS ﬁ PURCHAS 0 . 37, 341 fected and influenced mechanical properties most.

1972)-The nature of the effects. of sex, weight and breed on eef

Gl

| | |
turgs Friesian- Bra]hman cross_b u? : pro u%edj meat W |c vgas srgnl CHARACTERIZATION OF THE REDRZ'&% NoTﬁ PGRngfDE&,\']—éSO’\Q
4

FERRIMYOGLOB BY, IONIZING
i catr?tlfg r?trorg ?Arr]drthgtrer?cfe oanelSdgnlg in eltlvere elght ofthes y MAR Jl\#OOd é%' 37, 361-36 E1972§The red pigment
r? ifference of app rommateg %donts in the” age at whi Perr Tcedb amma irradiation of ferrlm 0Din (+3 oxidation state) IS

r torchldlsm was induced did not appear to affect tenderness. The myoglobin (+4 oxidation state), e ample oxygen Is present

c[%ptorcm meat Was i n|f|cantn¥ tour[;hge than feer meat pi 1g agng é] the- oxy eﬁ b8 ldOW concentratlfon or ‘bsent prior 10
t it respond T|gn|f|cant J, ore %mg Also, cryptorchid Irradiation, oxymyog obin (+2 dxidation state) s formed.

showed s nlflcant less_toughening as the cooking temperature was

Increased from 60°C to 75°C, These resuIts are Inter reted as supgortmti

the contention that variation In the nonconnective tissue portion of mea
accounts for most ?f the variation in meat tenderness, nge theoretrca f EE&? /S\&ISBI?N 336%R3%H8U’\f %%IOI\# hAL}ngAr;InMWﬁ‘h l{,\,\{ge Féf?f%f“eEZeS
considerations involving the Incorporation of a range of values in a simple i endosperm characterrstlcs r?lffered s nificantly in pentosan_ content.

model support this suggestion. The range for Jrain from 31 sorghum vanetles uay 251-557%. Th
e SRospem (100 Mot o e pEm o werp ot n ool ek
%) Wi ated in céll walls o
X%%OEI\EItF(%%ITNOFFRéﬂNCGH HYS|COCHEM|CAL F(’;R%ES%[EES ODF the kernel. Enmronment sr nrfrcanrtly influenced the pentosan coptent.
H Y. RW. CURRIE & ECI 37 31¢.35(  Pentosan content of s?% was riot potentially useful for predicting
72? -Acto m&losm repared from Ere rigor, rigor, 2] hr'and 7 dag processing properties of sorgfium grain.
m nresﬁtrmChaCnd cg rc a?rtt alrrr]t%dlaed a(deengvsarsrecotr ﬁB%thth'é'Se reagcatrd tt
Iciy | Ine tri Ivi

sugng Iy%rourn avallabrlltz reducedvrscosn% and sr)edrrrEentatlon atter)n CHARACTERIZATION OF Pﬂf: a NS IN SORGHUM GRAIN.

as observe the schlieren optics of the L2-65B ultracentrifuge. A. KARIM & L\W. ROONEY. Cl. 37, ?69 -371 (1972)-Water-
Magnesium ATPase actlvrtg showed a maximum in the actomyosin  soluble and alkali-soluble pentosans in the whole kernel, pericarp and
pre%are from muscle In the rigor state, paralleling similar maxima in the  endosperm of sorghum gram were characterized and compared. The
reduce VISCOS] n¥ ty for. both leg and breast Pr eparations. Calcium ATPase malrjor fraction of pentosans n whole grain and endosperm of sorghum
showed a minimum in rigor actomyosin from breast muscle, comcrdmg kernel 15 water soluble, while Pentos ns In sorghum' pericarp consist
with increases in sulfhydryl availability. Leg muscle actom asin showed almost entirely of the “alkali-soluble fraction. Both water-soluble and
no (lifferences in calcium’ ATPase or s 3/ r¥ availabili wrth a m alkali-soluble, pentosans from whoIT kernel, endos erm and pericarp of
Sedrmentatlon atterns Wwere slrg tly di fer nt tor hoth t ﬁes of m sc sorghum grain contain galactose, glucose, xylose and. arabinose. Water-
a each state o mg The resultS demonstrat that ost rtem agin soluble pentosans have a higher arabinose/Xylose ratio than the alkali-
chicken muscle produces minimal observed effects in the ext ace soluble pentosans. Both water-soluble and alkali-soluble pentosans from
actomyosin and that breast and leg muscle preparations of actomyosin  the sorghum pericarp contain larger quantities of pentose sugars than
from young chickens are quite similar in properties. those from the whole kernel and endosBerm The composi ?oth

properties of sorghum pentosans are comparable with those 0

CFFECTS OF ULTINATE g O OVINE MUSCLE, WATER Ceréal grains,

I GC AD%IT BOU HARRIS & WR. SHORT-
Fo 37, 351-355 972 UItrmate H values ranrs;m
from 5.4-1, 0 were obtained in the \uscl eso oun al oId sheep Sing  QUANTITATIVE DETERMINATION OF THE OLIGOSACCHARIDES
Pﬂre slayghter mej ctions of adrenaline. g P centrifugation  IN DEFATTED SOYBEAN EAL BY GAS-LIQUIR CHROMATOG-
ethod "was used to measure changes, in watkr -holdin apacrt aitri- RAPHY. J. DELENTE & K. LADENBURG. J. Food Sci, 37, 372-374
butable to the effect of ultimate pH, aging, cooking, ani a age and fiber (19721 -A " simple_ and rapid method for the determmatlon of soybean
contraction state. Water-holding’ capacity. values after cooking and/or meal o oosacc arides was developed The soyrbean meal IS extracted with
centrifuging | showed no significant aqging éffect but increased (P < 0.001) cold water, deproteinized and Iyophilized. The dry residue |s silylated
with increasing pH. Cooking at 60, /0"and 90°C proddced P<0.001) and the solution i méected Into agas chromato raph. The resulting peaks
effects due to femperature nd to pH_In both cooking loss (an increasg) are |dent|f|ed an asured bf/
and In expressible juice (a decrease). Temperature-induced differences N obtained  from nown % ties of pure sudars A typical sam
residual bound water were small.” Differences due to animal age were contained the following Ilgosacchandes galactose 1% s crose
small. Contracéed muscles had s gnlflcantw reduced water-holding capa- raffinpse 0.9% and stafc l}foe 4.2%. Trace amounts of glucose and
cities compared with their stretchéd counterparts. manninotriose were also foun

II—|

mparlson W hsrmllar chroma rams



AMINO ACID COMPOSITION %FI__S ldESCcTED POTATO VARIETIES.
MS KALDY & P. MARKAKIS, | 37, 375-377 (f197 2)-The
z1|rt of proteins in one cultivar an |ve clonal selectronso the potato
olarium fuberosum L.) was evaluated by amrn?(acrd ana (ﬁ venteen
mino acids were determined bg means of a Beckman Mo 120C amino
acid analyzer. Methionine and cystine + cysteine were oxidized with
performrc acid to_ methionine sulfone and cysteic acid, respectively, prior
0 acid hydrolysis. Tryptophan was determined  colorimetrically after
hydrolysis with” pronasé. Protein scores for the cultivar Russet Burbank,
and the five clones #58, #321- ?5 #322-6, #7109 and #711-3 were 73, 78,
73 and es respectrvey and averaged 69. Methionine was the
limiting amino acidl in all six samples.

ACID S PPLEMENT TION
N PROTE Nh&UTR VAL
ES & H.M. FOX. J. Food SCi. 37 ?7

bhectrve of the study was to determine the first m|t|n
eYdrated Rotato flakes for marn%enance f nitrogen retentjo
adults. Meah nitrogen balances of seven human ‘adults fed /day
from potatoes plus no amrno acid supp lement, plus L- methionine, plus
L-leucine, p phen alanine or pIus combrnatron of the listed amino
%ds were 11 7,-0.83, -0.91 and -0.30g N/day, e spectively.

The " significant |m rovement in nitrogen  retention resultant  fro
methronrne S p}plementatron of (}he potato diets mdrcate]s methioning to
be the |rst iting amino acid in potato protein drated potato
flakes) for J)rotern nutnture of the adult human The protern value of the
evaluated ehydrated potatoes could be significantly improved via .37%
L-methionine Supplementation.

AMINO
AKES O
DULTS. C. KI

-h:

ALIZA LIGNIN FORMATI Jf\t:
U DIVE & NF. HAARD 00d
I. 37, 381-383 (1972)-The da eported here support the thesis that
localization. of peroxidase on thec IIuIarp rticulate fraction Is associated
with sclereid development. Total peroxidase activit was consrstentl
higher In developing Bartlett fruit than In “Yuzuhada fruit” whic
contarned large ﬂnd numerous stope. cells. However, bound peroxidase,
released from"ce[l macerates at high ionic strength, was present at higher
levels in developing fruit which contained excessive stone cells. The pear
variety containing abundant sclereids also had lower levels of endogenou

calcium during %arly development. The results suggest that rnera?

L.
_l'l

nutrition In pear fruit may p]rofoundly alter lignin metabolism b
g;fseectrng the localization and, hence, thé metaholic control of peroxi-
THE LI ATION O ACID_COMPOSITION THE
CHARACTER ég OFC USJUCSC VADERCOK&
R.L. PRICE. l. 37, 34 86 Sl 72)-The individual amino
acids of commercral orange and lemop juices were quantitatively
determined by op- exchan%e hromatog Bh Several Qf the’major amino
acids were correlated with other constituents of the jujce. The correla-

tions of the total aming acids with the mol percentage of 7 -aminobutyric
acid and crtrrc acrd with the mol percenta e of .serine and the, sum of
aspartic acid plus asparagrne were partrcula y high for orange juice. It
gﬁears that these . relationships mrpyt be Useful in estimating juice

tent or determining the authenticity of a sample.
FATTY ACID DIST]'RItB JE%N IN ORANGE ICE PHOSPHOLIPIDS,
R.J. BRADDOCK. J, F00 37, 387-388 (1972)-The fatty acids of
‘VaIencra orange jurce phosphatrdyls -ethanolamine and -choling showed
preﬁon erance of pa Imitic and stearic acids at the - posrtron with
olyu saéurated acigs at the 2-position. A companson of fresh and
rocessed orange juice mdrcated t at more lipid phosphorus could be
extracted from processed than from reshjurce However, the percentages
ossp hatid dy
the phosphatidic
COLORIMET

r} lamine. and phosphati tyI -inositol decreased and
acld fraction increased upon processing.
IMETRY
FRANCIS, & F.M.
Orange juice sam

OODS OR
DESDALIrEnAf
were “ranked for

varied was inclu

OF ?E JUéCE EA GULLETT FJ.
CL 0od ¢l 37, 389-393 (1972)—
s containing small increments, of carotenoid pigment
éor differences. A similar series where pulp content

ple
C0
ded. Samples of varying thickness, presented against

white and black backgrounds, were evaluated visually under 7400° K light
and Instrumentally with a GE spectrophotometer and a Hunterlab D25
colorimeter. Calclation of absorption and scatfering coefficients usin
the Kubelka-Munk treatment suggested the possibility of characterizing
food optically for predicting success of a coIor measurement technrque
Large color differences obServed for 2 mm cells, white background
presentatron with Hunterlab D25 colorimeter, resulted from dispropor-
ionately greater scatterrng for these cells, The Hunter Citrus colorimeter
was shown to be as [goo as the thin-layer presentation method for
measuring color of orarge juice.

NTENSITIES OF VOLATILE

AN & HSUOMAL AINEN f“foo&f s“a
%vwhrsk y Was mad ?red

L N
E Xnthetrc beverage |m|tat|n
13 a 5, crds 24 esters, 9 car pny compounds and rect|
grain spirit and water. The odor threshold”levels were determined_for
compounds, some mrxtu s, aroma fractions and the whole heverage. The
e C ntrr ution of the components to the éota odor Intens pra?
T e core of the ar ma IS comp?se 0f some (fsters et
caproate ethy ca ry late, ethy caEJrate ethyl laurate ad
|sovaleral

gan a gw carh n com ounds (butyr-, |sobutgr vaer-
hyde an dracety T IS core 1SS ppemente ysevera
mrnor comp onfe

suppressjon’ effec

S: esters, and “acids, %he last of which also showed a
de? ctable difference to the aroma.

I

relat]
calculate

acetate, ethyl
|so myl acetat

t. The elimination of the alcohol fraction made no

BERKOWITZ
0 i972) produ
a model tea fermentation system we
studred by p er chromatogra 3/ In order to determine more. fully the
Tatronshr tween these avanols and the polz henoIrc con?trtue ts of
black tea. Specific relationships between “the" tea tlavanols (-)-epi-
catechin, (-)-epicatechin gallate, (-)-epigallocatechin, {)ep Igallocate-
chin_gallate and (+)-catechin and ‘the “known bIack ea C0 strtuents
theaflavrn theaflavrn (Irallates bistlavanols (A, B and prt eaflavic
acid and ﬂ y egr heaflayic acrd were verified. In addr ion, |t was
afu

B

0

110
GRAHAM.

ON, J.I%.
oxidation of tea qlavanoﬁs in a

shown that bigins are formed as a result of oxidizing any of the
tea flavanols; there was no indication of a Specific precurSor or inter-
mediate. Further, the thearubigins undgrwent contintious chan%e as the
tea fermentation” process progressed These results support the con-
tention that thearubigins are polymeric proanthocyanidins.

OIL OF THYME. G.F. RUS-

EITHENTSSCOFBT 405- 407 972) -Volatile

hnyme were separated by gas- |qh romato ra
Individual compo nts were characterrze sing ¢ emrca
ectrosco Ic methods such as infrared f\glIR sp ?ctroscop Itraviol et
sechroscopg masssectrometr % S), me trng t determina-
lon, gas chromatographic GC} rete ion times and hemrca s%nthesrs
Compounds |dent| ed were: tricyclene, .a-pinene, camphene, /3-pinene,
myrcene a-ter mene limonene,” 1.5 Cineole, 7-terpinen,
trans- sabrnene ate Irnaool fenchyl alcohol, pinocarvone, -ter-
pinen-4-ol, carvacrol methyl ether, caryophyllene trans-pinocarveol,
a-terpineol, bomeol, geranyl"acetate, thymol and carvacrol.

THE VBLATILE CONST
SELL & K.V, QLSON.
E)p]m onents of ol of t

D- cymene

NATION OF DIMETHYL
LIAMS, J.E. HOFF & P.E.
g al volumes of a product
solution and helium gas are equ ||brated| ml )Bpodermrc syringe
and the aseous phast | analp d for dimethyl sulfide by gas chromatog-
raphy. Henry’s law applies fo the system in the syrmge and Henry’s
cons ant IS ess ntraIIy |dent|cal for all rocessed food samples It 3
demonstrated that. adsorption of dimethyl sulfide ontg solid foo
particles drspersed in the aqueous phase ddes not occur. The standard
errors for five replicate samp Ies prepared from each of three processed
foods with mean drmethxl su Ifide concentrations of 3.0, 6.1 ‘and 151
ppm are + .10, + .24 and + 29 ppm, respectively. Concentrations in
c mmercrall%/ processed vegetable | jurce kraut juice, peas, tomato juice,
yellow sweef corn and beets are reported.

0
s



ABSTRACTS:

THIS

ECONOMIC_~ APPLICATIONS OFF (f EETNESS,  SCALES. HR
MOSKOWITZ & T.WEHRLY. J. Food &I 37, 411- 415 (1 72)-A
computer simulation of ‘sweetness mixtures was made based pn

empirical. sweetness scales and exgenmentally derived models of sweet-

ness addrtrvrtg roblems were investigated: total cost subgect to

marntamm verall mixture, sweetness and. Its dual, totals etness

u (!ect to malintainin thT mixture’s cost. Pairwise, mrxtures 0 sucrose

(I; ose, fructose, sorbitol, Na saccharin and Na cyclamate were subject

0 analysis at a number of overall sweetness and co?t levels, The results
? gest that a computer scan of mixtures may yield specific mixtures
satisfying cost or other types of constraints.

IMMERSION FREEZING O ISH IN DICHLI._O 8§FLUOROME H-
ANE, $B. BUCHOLZ & PIGOTT, J [, 416-419
(1972)-Salmon frozenb Im mersron mdrchloro Iuoromethane EDDM)
were c(omgared with safmon frozen bh/ ar bast and liquid  nitrogen-

ir-blast methods. Assessment was made . by, taste panel,
2t |o arbituric acid and peroxide rancidity determinations and drip
oss?s Results indicate that DDM-frozen Salmon are comparable i
quality to salmon frozen by canventional means. Freezmg trmes for
Racka ed and_unpackaged fish fillets were measured and Besente In
omographic form as a function of thickness. Decline of DDM residues
after freezing was studied.

DEVELOPMENT OF IRRADIAT ds ERILIZED CODFISH CAKES,
HEILIGMAN & L.J. RICE./ . 37,420-422 ( 19722 -Codfish
cakes made from cod fillets, whrte corn meal,” gelatin ‘and $alf were
irradiated under a variety of condrtrons and” stored at different
temperatures. The products were evaluated periodically for Rreference
and changes in sensory characteristics beg C nsumer and techno ogrcal
panels Fish cakes thaf were given a 12-D sterilizing dose
°C) were scored hoh In “the acceptable_range “and. co
uality to the nonrrradra ed controls sho] tly after |rrad|at|0n and after 25
ont sstorage at 2 torage ath er temperatures (38°C) caused a
brown discoloration whrc became evident arter 4 months and was so
pronounced after 9 months that the fish cakes were considered
unacceptable. . Lowerin the radratron dose and Irradiating, at subzero
temperatyres improved” product quarty however benefrts by Iowermo
the Irradiation temperatlre from -30°C to -80°C were marginal, If a
all. Ng difference cI ould be noted |n Irsh cakes irradiated wrhgamma
rays alt-60 source or electrons generated by a”linear

3.2 Mra at
parable In

?rom a Co
accelerator.

HE
F
TILLINGS &(V SIDWELL.
fies were conducted to_defermine
Hhtemn the coIorEof FPC (fish
). m Atlantic men aden; revoort an
DhoprRY) aycendt el ""°h'°3roFP§ e I o] WVJ“.
0
the FPC()) and then spray dnedyRes%?ts ghowed that treatmentyof th%
with 0 0% or more o]f hydrogen Heroxrde sromfrcantly lightened the
color, No ch an BS In t ammo acid_composition of frie s mples were
noted exceé) or a slight decrease |n the amounts of methionine and
rosrne n armoles with 2.50 and 5.0 é)hydrooen peroxide. The use of
30 and ydro en eroxrde had no effect on nutritive du ality;
however the use Odue % rmore lowered the nutritive quality slightly.

was possibl 0 the breakdown of some .amino acids, stich as
methronm% tyros/me and cystine by hydrogen peroxra

-4
ro

CA)
(‘)&QCPE
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PHOSPHOLIPID CHAN%ES IN (I)\/IUSC FROM FROZEN STORED

LAK \t_ll IGAN COHO SALMON, RJ ADDOCK LR. DUGAN

od SCi.. 37, 4?|6 429 972)-P o pholipid JOQ/S'S Was
s own to occur in dorsal muscle rom roz n stored salmon as
evidenced by losses of sroecn‘rc hos hoI Hpr s, Comparisons were. made
between the'fatty acids in the tofal 0

h)t lipids and the trrﬁrl ycerides of
fresh frozen and frozen stored Coho salmon. A Ereferentral (vdrolysrso

osphatidyleth Iamr e cont nm Ci fatt
prdspwas(rjmf rom atty aci71 an gwchrc s%owed thatt e C"%.

56

C22:6 acids were more conce Yrae a acld less
concentratedain the rema?n?ng lyso- pHosp atrd1 nIethanolamPne t%ﬁ\ow%ng
6 months storage at -20°C.

PRESSURE FRE -AIR DRYING: A NEW TECHNI UE TO
REDUCE DT ON NDE gSTCISUE GJ. HAAS, HE.
PRESCOTT J J TNTINO 000 SCI. 37, 430-433 1?722l
Freezing of ¢ IIuIa m?t erials under rge%se(ous pressure prior. to reqular air
drying revents shrivelll gand ards ration 0f many tissues; n some
cases an ap earane similar to freeze- drred products can e achieved. T

method IS Prca e to a wide range of foods, but only certain gases can
be used. There appears to be some reduction’ In fIavor loss In edned

product obtaine by this technique. The mechanism_of obtaining
unshnveIIed structur IS lfa gd on the resence of oas durmg drg %The
([ras which has been dissolve due toteeevate Pessure 15 pushed into
he tissue during freezmg and eaves radually umo Ing, meanw ile
preventing shrrvel ing_and col a se. No determrnab e emrca changes
could be “observed. ressure rezrng followed by freeze drying offen
vre ds a more expanded gro duct which dehgdrates and rehydratés more
apidly than that obtainable by regular freezé drying.

REFRIGERATED APPLE SLICES PRESERVATIVE EFFECTS OF

ASCORBIC ACID, I'-A B TES. JD
R, JACKSON & G, WATTERS 0od Sc. 37 434 436}_{1972 J)ple
slices of two vgnetres were noped in squtrons at F

contarnmo ascor Ic acid ca cru hloride and sulfur dioxide in varrous
combinatfons, The slices after d |ppmg an drammgI were stored at 34°F

In plastic hags. trntervals of} ‘(the samples were e daluated Bor
color and general gua |tv and light reflectance was measured. Ascorbic
acid alone or calcium alone did”nat protect color satrsfactorrly In the
concentrations used, but a combination ascorbic acr -calcium H
maintained the natural color for more than 2 months in refrroerate

storage. Calcium also Increased the effectiveness of low concentrations of
sulfur dioxide in protectmo color. Three-way combinations of ascorhic
acid, calcjum and sulfur dfoxide were no more effective than two-way
combinations containing calcium.

D CELERY EFFECTS OF PREDRYING
REH Rj'tlt_ PROCEDU N_RECONSTITU-
UMANN. J. Food Sci. 37, 437 441 1972)-Dehydrated
f ore arr drying with either sucrose, dextrose, sorbitol, or
| orove recon |tut|on characterlstlc such as Increased
n%;ht Iare ze, fuller oe and a more tn er crisper texture,
c aredl| dned untreate ce M Dned treated ce (irg Peﬁared from
rozen unblanched cel er treate er t awing, and als fresh raw
atenal rehggrated t] ahn 6% respectively, more tha
ne u dtreat celery. When re drat m les sucroet %teéi
untreate ). Were redried andaam rehg rate reated celery re rate
no better than. untreated, Ho éever water temp grature used éoo v
rehydrate significantly affected successive renydrations, Predrying trea
ments of water Ieac ing, 15% Na2C03, 0.5% NaHS03 and/or 60%
sucrose are also evaluated:

DEHYDRAT TREAT-
MENTS AND

TION. J
celer reat
ggcero



UENCE OF ALUM ON THE FIRMNESS OF FRESH-
JL. ETCHELLS TA. BELL & LJ. TURNEY.

ic pro erties were defermine

te, al mmum ammonium su

m sodrum su ate and aIummum sulfate
“firmin a ents” n the manufacture of p|
e alum salt most common

ed to fresh-pack asteurtz

uction " In f| mness o the store

red with lactic acrd erther

ared with acetrc acid. The addrtron of alum
epared under good manufacturing procedures, partic
roper acidification and effective pasteUrization, Is a highly ques-
t|o able practice.

ave been usd as

g)l’O UCtﬁe ICN\I

compared 0 nonalum
with or without alum

INFLUENCE OF DIFF

malic and” oxalic ac 1ds, w
changes in fresh pack cucumber Ickles
f Iow an exponen 1al curve. Oxalic acrd equr Ibra
fastest rate, followed by acetic, lactic and citric acids. Acetrc acid
treatments showed th Ieast effect on cucumber firmness, followed
. From a texture stan

equilibrated with the cucumbers at
t e time of pasteurization. Durin st rage, most of the acidification
ly frée of microbial growth Increased In
xpjained chan
3 loss in_pickle" firmness.
aining cucumber
alic, or oxalic acld

not be recommended.
the acrdu ant of choice to give the best

ic, citric, malic an
etter nat to have the acrds fuI

treatments, aIthough op
and decreased’jn pH vaI

Id proved supenor to th
manu acture o

r shoud rema
e to pickle products.

fIactIc crtrrc m

PREPARATION AND_EVALUATION OF SOYBEAN CURD WITH
BEANY FLAVOR DJ SCHRODER & H, JACKSON.

process is described for the
re blended with

n the resuItmg soybean milk straned and
0 m| P recipitation of curd was éffected by the addjtion of
0 drain freely and then
t. Taste panel evaluatio
at the beany fIavor was reduced srgmfrcantly
roduct substitutes made from the curd b
I and flavoring agents were found to be véry acceptable by a

roductron of a bIand o

calcjum sulfate The curd Was
small cheese hoops and
ressed curd indicated

WHIPPI NG P O
WHEY

°’|—§
—
LO

rop erttes of whe
ment of dil uted
ed, neutralized,
rotein, 30% CMC, 10A) wate an no
were ‘soluble “and' possessed whipping
egg white. Studjes

was made of
complexes resu | g fr
IC and H20 2. The was

qualities |n water and
revealed that the treatmentof thewhe 0r the neutralizéd complex prior
fo spray drying with 0.02-0.10% H
foam development. At a concentratron of 4% complex in water, stiff

whrch remamed stable for
wrt an e ua amount of

k comparable to ¢
02 was requrred for satistactor

sodrum casemate imp roved the vo ume

time but d| not mcr ase foam stabrlrty FuIy stabIe foams
roduced by addition to d
sucroe In an

e mixture of Ca
mount equal to twice the we
was sujtable for use as

ng and for the
aped enngues by drying at 100-1 50Cfg3 hr.

VACUUM PACKAG N OF O ORAGE,
STORAGE TIM AND STORAGE ]Eé/l E@C E. LE. JEREMIAH,
G.C. SMITH & ZL. CARPENTER. J. Food SCI. 37,457-462 (1972)-A
total of 788 lamb cuts were used to determine the effects of vacuum

packa%ed storage, st rae time and stora? temperature_on the sub-
%pe t case I atability. of retaif cuts. Chops from  vacuum
aged sirloins an racks were significantly less desirable in odor upon
re oval from v cuu . but eco or of these chops ¢id not detenor te at
aster rate than that of fresh chops, Storage In vacuum agnes
shortened the effectrve retaII case life of loin_chops, especially from
stand omt of o or and éuc chops were si nrfrcantIy Iess d srrable than
fres cosm avpr and overall satisfaction after 3°and 5 retail
isplay, respectively. Leg roasts sfored unaer vacuum orT ays were
srgnrfrcantly more desrra le In paIatabIIIty than roasts stored fof longer
griods. Storage of vacuum acka ed loins at 0°C rather than 7°C was
ssoclated with lower bacterr counts, a lower incidence of off-odors and
higher flavor and overall palatability ratings. Even short periods of
vacuum acka?ed storage a} low temperatures had detrimental effects on

the subsequent retail case-Iite and palatability of lamb cuts.

VACUUM PACKAGING OF LAMB: EFFECT OF CERTAIN FACTORS
ON RETAIL CA -LIFE AND Pé AT BILITY, LE, JEREMIAH, G.C
SMITH & Z.L. CA RPENTER ood Scl. 37,463- 438 {19 2)-A total
of 610 wholesale Jamb cuts were used to stuy he effects of
subcuéaneous fat thrckness oning and trimming, getmg packa in
procedure, sanitation level and tim ostmortem on the accepability o

retail cuts durmo retall drsplatl; and herr subsequent aIatabIIIty Retarl
case-life wasI|m| ed pr|mar|y color and In no Instance did cholps rom
vacuum packaged loins avea ase -lite greater than VN days. Trimming
Bnor to packag mg did not affect color or odor of subsequent chops;
onrng f or to"packaging Increased shrmkaﬁe and lighting durrno stor ge
decredsed_ color and odor desrrabr Ity. Fresh cuts were S mfrcan ly more
desirable in color than those which iere vacuum Ipac aged. The optimum
time to vacuum package cuts for subsequent refrigeratéd storage appears
to be the 4th day postmortem.

RRADIATED_ CHICKEN AN
LD N,

D
EH RAtho S,
GMAN & EM. POWERS. J. Food Sei. 37 oo-cztrmz
additon

I
were_conduycted to deferming the ndividual 0
f partial ydratron (to 45% morsture), daitio
arabens (0 %t) and sub-stefilizing doses ofgammarrrad atron (0.5-2.0
rad at ambien temap]dratur\eﬁaon reco kﬂ chicken and amb Samples

o
—

were stored at 21°C and evaluated periodically for mrcrobra Sensor and
chemical garameters Precooked nondenydrated samples treated with 4.5
Mrad at -30°C were used as standard réferences. Partrﬁl dehydration of
chicken and lamb |rrs ective of para(bens treatment had no effect on
preference, odor and vor but resulted in g deterioration of texture and
aﬁpearance whereas an Increase. of Irradiation. dose to. 1.0 Mrad In

cken with parabens caused significant deterioration in preference
odor and flavor. The nondehydrated samples of chicken, with or without
parabens, treated with 10 or 2.0 Mrad at ambient temperature were
comparable In Sensory attrrbutes with samples rradiated with 4.5 Mrad at

The nondehydrated lamb, with or without parabens |rrad|ated

wrth 10 Mraﬂ at_ambient tem erature was preferred to the sfimp e
rradiated with 4.5 Mrad at -30°C. All the samples had tota
Bunlts anaerobic and mold counts [ess than 10/ and were free from
otulifum- toxin. During storage H2 and C02 i the headspace of the
samples increased, wherea? CO, CH,, and N2 remained constant or
decreased. Storage had no effect on NPN, pH and FFA.

EMULSION STABILITY AND PROTEIN EXTRACTABILITY OF
OVINE %LIE CTION_OF TIME POSTMORTEM. J.P.
VAN EERD ood Spi. 37 473-475 (1972)-A Iartlte Intermuscular
variation was observed in the' time taken for rrgor mortis to develop In
ovine muscle at room temperature; average times for semrtendmosus and
semimembranosus muscles were & and 14 hr res ectively. The devel op
n}ent of rrlgor mortis, was charact rized b:v dfrtl)p oterne tractabili g/
4 ofo semltendmosus muscean U for londissimus dors mus
Column chromato rag N on Se pharoge 4B showed that this was due to.a
drop In the extractability. o m?/p]frbrrllar proteins, The ecrease in

P/\lﬁ gin extractabilit comcrded wit adecrease emusrf m%
ereas myosin and actomyosin were found 3
emulsifiers, the latter was much more e frcrent

ficlency.
effective



ABSTRACTS:

THIS

BEEF COLOR AS RELATED TO COLNSUhFéIER ACCEPTANCE AND

S’AIFA LITY, LE. JERE IAH, Z.L. CARPENTER & G.C. SMITH.
00d SCI. 37, 476-479 (1972)-A sstem for evaluation of beef
muscle color was developed, de med and ed for consumer acceptance.

The colors in the scale evelog did no
differeq sr nificantl a§P< OOI)nm bo aue and chroma. Steaks thia
were wsua 1y scored as two or three in this system POSsessed srgnrfrcanty
less total pigment (P < 0.05) than steaks with visual scores of five or SIX
Consumers preferred steaks which were neither ver% dark nor very pale
and drscrrmma ed heavrly against very dark steaks onsumers agpeared
to prefer steaks which” were paler than the “cherry red” formerl
suggested as “Ideal.” Measures of color did not appfar tp( be related to
any of the palatability traits. The Macheth-Munsell Disk Colorimeter
Gardner CoIor Ditference Meter and Bausch and Lomb Spectronic-2(
ectro hotometer equrplp]ed with a rtfflectance attachment accounted
fl]) oxrmate the same amount of variation in visual color scores,
wrth the Photovolt-610. Reflectance Meter accountmgi for considerably
less of e variation IB visual co Olh Jectlve color meafurements
accounted for considerably more of the variation in visual color than a
combination of pH and totaI pigment concentration.

ffer srgnrfrcantly In hue, but

o MENT OF A PROTOTYPEE éJSﬁtGK WHIUTLFSIEOL,\IIJ PaFSEg/s'
ON ]EN\gOdASCI %7 480-484 |

MO 197 R -An efficient and a
highly controllable prototype sausage emulsion preparation system
Incor oratmg features of: (1), scrapers, ( €00 Im coils, (3) oil deliv-
ery AC/DC measurin elec rodes, g) emperatufe thermo-
couple and' (6) variable speed otor hase was develdped. The system
resulted in ver acce table cook stability and h%/srcal properties of
emulsions. A uantlt of materials a short

5
preparation time (160 SeC) w re required for tNe system and on

e person
could satisfactorily perform the operation.

- RRADIATION EVALUATION OF PATHOGENJS E\ND IEICDICA-
ERIA NP TIWARI
lla

F [21? -The impact og rad]afron and post- ura&r thon recover
?{ of Sl OII eCIeS 0C0CCUS ‘aulreus, . Escherichia CO
nd re tococcus agcalls was stu q using nonselective and selective
media. he death of cells durmg 24 hr after radiatign was attributed
primarily to injured cells, defined as those capable of growth on plate
count adar but"unable to grow on selective media. More méured cells died
at 3/°C than at lower temperatures to 5°C. The nafure 0f the selective
medium mfluenced the number of injured. saImoneIIae cells capable of
recover F pr oportion of Injured cells to nor al cellsw 5
aﬁprox mateI esame dose levels from 34-136 Krad. £ COll and

allreus, however, showed an mcreased proportion of injured cells WIth an
Increased dose urp 2 Krad, respectrvelx Cells inj du
Irradiation were not as mfectrve as unirradiated cells when judge byeg
yolk challenge.
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LYSI Of ELUTAMINE

RANCIS.

s ana Iyze for pYrroIIdone carboxyhc

rganicAcid Analyzer (AOAA). Puree

the same batc st tfered to pH.6.8 with abuffer Solution

potassrum dihydrogen phosphate and sodium tetraborate and final

!)ustment with concentrated hydrochlorrc acid. This puree was then
hecte to hyd o;grs for 2 hr m a hoyl mowater bath fter cooling to

roo tempera yre CA was analyzed b The gquantity of

formed from glutamine urmﬂ
subtractmg the amount of PCA in t

(PCA ing an

BD—OOD(D
EJ>
O S —

ny rolysis was ca culated by
resh puree from that in the

Vi

' SSUE

hydrolyzed puree. Smce one mole of lutamine quantitatively converts to
one. mole of PCA, the amount of lutamine present in the fresh sample is
equivalent to the PCA formed dur ing hydrol Ig

TECHNIQUE FOR DETERMINING OXYGEN CONCEI\LIR%T%(C)N IN-
SIDE PACKAGES. D.G. QUAST & M

490-491 %19722—A sim Ig and mexgenslve technrcwe for determmmg
0Xygen concent atron Inside food_packages is described. Thrs techniqu
can e used to evaluate the effectiveness of inert gas packaging processes
as well as to determine the rate of o%;en uptake of food products and
oxygen permeabilities of packaging fil

DIENT FREEZE-DRYING MICR%S%O Ia
)-4 ' Ners{\latNéTtTeAMer%tuHreL ROSr@Nrge r00
tsp ar awgtta f ésandZ %Hu%i

A
stag een 3esI d The major g
microscope slide mserted on acold pl tewhrc IS connected to a vacu

cham er. Rates of freezing have been varied from Smm/min toasslowas
m/60 min. A variable”vacuum, as low as 50m of mercury can
aﬁ I|e to the cell. Vrsual mrcroscoch observations and trme apse
otography are used to record the conditions. This cell
me pensrve sim P/ consfructed apparatus which can be utjlized
free e-drying reseafch and as an engmeermg ald to help Investigate the
dynamics of many Industrial freeze-drying processes.

RES ON TOTAL C
Ium perfrmﬂe'\pﬁ ng BE
ILL. J. Il'oodgél 37, 444- 5
ped eef product vacuum packed in a fibrous casing
fficiently he ?d to coaﬂulate the Iprotem on the surface aft%r whrc It
was cooled and frozen. There were no srgra[rcantc an er§f the number
of total aerobes, presumptive coliforms or’ Clostridium perrin ensdurmrg]
the processm% of this product Indicating it 1s no more of a public healt
hazard than the fresh beef from which 1t was manufactured.
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EMENTATI N AND LIP ID STAE&IFI I&I{THE
WW. MARION &P.L. HAYSE 0d i, 3
e iments. were condugted to establish the effect of
m ection) and level of tocopherol supplementation in
rds urm the cookmg rocess rtmrfrcant effects
ddue to ocopherol tréatment, meat type (breast or
but not to_sex. Treatment x Cooking irteraction was
also srtgonlflcant E fQ 2 Tocopherol sup lemeptation, oral or injec-
tion, f0 the turkey offers considerable po entIaI In reducing rate’ of
oxidative deterroratron of lipids during meat cookery.

—1

e
£ﬁ<00 were
igh). or .cooking,

=<0
mm
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ANTITHIAMINE AC I ITY YFIgH BY
T. JE RUTLEDGE & LC. ING od cl. 37,
(1972) -Thiaminase _activity was found to be restrrcted to the
pr x region of crayfish. The flesh material in this region was
ca estroying 3.7 My of thiamine hydrochloride per minute per
f tissue on‘a ry welght basis. The digestive glands Iocated n hrs
re jon constituted 8/% of” the fotal activity. Prolonged eatmq
Porlm failed to destr%){ aII actrvrty Thus, It appears, that at least two
actorS were responsible for the “destructjon of thiamine, one heat
Isregareta\ﬁeat%nd the ‘other heat stable or possibly the assay procedure was

r.Q
3
—o =



A SIMPLE ME HOD TQ DETERMINE THE WATER-HOLDING CAPA-
? I¥8 U CLE OD B. DAGBJARTSSON & M. SOL BER
ood Scl. 37, 499-5 0 7 )A technique utili zmg abI nder,
ICe, olcyﬁarbonate centr u él Iecular sieve 0oackl filter [ﬁaper
analytical balance, a high spe centrl uge and a 1.0-g sampl uscle
Tooq was deveIoPed for measurlng water -nolding capaut The standard
deviation of values withjn a s% \ﬁe was ap roxmateg 0.0l liquid
%Pureessed per gram sample which was approximately 2.0% of the mean

THE POSSIBLE IDENTIFIC TION AN | T EAT-

MENT OF FISH BY ME SOF E E %Aé_ )7 ISTA CE

MEASUREMENT. D. EHLERMANN. Cl. 501 (1972)—

Measurement of tls é)edance of trout at the frequenﬁles of

16 and 100 kHz al ows the estimation of storage time regardless of

whether the fish have been irradiated or not. Additional measurement at
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I H ermits apprommate estimation of the radiation dose if a dose of
POST-MORTEM HANDLING ON REFLEC-

rdorabove Was used.
%/ENEC%T (I)-IF FFQ)XE E'A‘F[t\llD ICS OF CANNED SKIPJACK TUNA. AC.
8 Ié dC Ec % 502 1972%? lectance ata on samp Ies

PresEEti o f £ra0rer hand
Com |na| NS OT pre- and post-mortem an In Con |-
dgath SI(P

representin
tions,  rested or stressed hefore at various tem erat res for
specme time jntervals postmortem and canned immediately or after
freezin kqashowed that on the basm of Y value alone the samﬁles showed
remarkable consistency in color evaluation: over-all mea range

22-33 with 82%between2 -30. N ne of the handlin tlces rior {0

cannlnﬂ was sufficlent g vere to a fect s stemahcal 5|gn| |cant

the reflectance values of the canned fish; herefore erences must b e
ascribed to individual variation, A systematic decrease in magnitude. of
chromatlutg/ shift, npartlcularly In AX; was observe?]on mcreasm? holdmg
temperaturé and firlally on increasing time at the highest temperature t

which fish were subjected.
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+ BASIC SCIENCE

R.

CSIRO Div. of Food Research. Meat Research Lab., Cannon Hill, Queensland, Australia 4170

THE EFFECT OF PRE-RIGOR CHANGES ON MEAT TENDERNESS. A Review

INTRODUCTION

THE TENDERNESS of meat is notori-
ously variable. It varies not only among
anafomically different muscles but also
among correspondlng_muscles from ani-
mals of the same or different species, and
it is influenced by both pre-slaughter and
post-slaughter factors. Over the years a
great deal of research has gone into
establishing the effects of pre-slaughter
factors such as species, breed, age, sex,
nutrition and exercise, and of post-slaugh-
ter treatments such as aging (i.e., pro-
longed stora%e af temperatures above
freezing) and treezing.

Structurally, striated muscle can_be
regarded as being made up of a fibrillar
component which is responsible for the
contraction and relaxation of the muscle
and a connective tissue component which
holds the fibers to%ether as well as attach-
ing the muscle to the skeletal framework.
In"the earlier part of the century it was
believed that the (1_uant|ty and strength of
the connective tissue "determined the
toughness of the meat (Lehmann, 1907,
Mitchell et al., 1926; Mackintosh et al.,
1936). However, there is now,amﬁ)le
evidence that changes in the myofibrillar
component pre-rigor (i.e., durmr}; the peri-
od between slaughter and the full devel-
opment of I’I%OI’ mortis) can markedly
|nflutence the tenderness of the resulting
meat.

One of the earliest observations indi-
cating that tenderness was influgnced by
pre-rigor changes was that muscle cut or
excised soon after slaughter was tou?her
when rigor mortis had developed than
uncut muscle which had gone Into rigor
mortis on the bone (Lowe and Stewart,
1946; Ramsbottom and Strandine, 1949;
Koonz et al, 1954: Paul and Bratzler,
1955; de Fremery and Pool, 1960; Lock-
er, 1960; Herring et al., 1965a; Cagle and
Henrickson, 1970; McCrae et al., 1971).
Another was that meat cooked soon after
slaughter was more tender than meat
cooked soon after the development of
rigor mortis (Moran and Smith, 1929
Ramsbottom and Strandine, 1949; Paul

et al, 1952; de Fremery and Pool, 1963;
Marsh, 1964; Weidemann et al., 1967).

Pre-rigor changes known to influence
tenderness, and factors which influence
these changes are discussed helow.

CHEMICAL CHANGES

USUALLY. several hours elapse before rigor
mortis 15 fully developed. Dunng,tms eriod
glycogen, the ‘carbohydrate reservé in muscle, IS
cgnverted to lactic gcid and as a result the pH
of the muscle falls. (The final pH value reached
IS referred to as the ultimate pH-Callow
1937.) At the same time, the concentration of
adenosm? trlph_os;ihate ATP?, the Immediate
source of chemical energy for muscle contrac-
Itlond falls. These two events are closely interre-

ated.

Both the rate and the extent of the post-
mortem fall in pH h?ve been related to the
tenderness of the resulting meat. For exam{ale
it has been shown with Chicken muscle that
foughness Is mcrea;ed by treatments. which
Increase the rate of pH léand ATP) fall @e
Fremery and Pool, 1960; Khan and Nakamura,
1970). "It has also been reported that beef Is
least tender when the ultimate t%H IS about 6.0
and increases In tenderness as the ultimate PH
Increases above or decreases below this value
Bouton et al., 1957). In contrast, the tender-
ess of rabbit (Miles ‘and Lawrie, 1970), sheep
Bouton et al., 197&) and fish EKeII e%,al.,
966) has been shown to be greater with higher
ultimate pH.

Factors affectin? rate of pH fall

The rate of fall of pH depends on tempera-
ture (Bate-Smith and Bendall, 1949: Bendall,
1951 Marsh, 1954: Marsh and Thompson,
1958: Bendall, 1960; de Fremery and Pool
1960; gok and Langsworth, 1966; Cassens and
Newbold, 1967) hut'the effect of temperature
IS not the same with all muscles. For example,
with rabbit psoas muscle, the lower the temper-
ature in the range 0-37°C the more slowly the
H falls (Bendall, 1960). In ox stemoman-
dibularis (neck) muscle, However, although the
pH falls more slowly the lower the temperature
In the range 5-37°C, It falls more rapidly at
1°C than at 5°C during the first few hours
Bo%mortem Cassens and Newbold, 1967; New-
old and Scopes, 1967).

_.The rate of pH fall can also vary among
different muscles from the same animal, an
among corresponding muscles from individuals

of the same or different species (Lawrie,

1966 g The varjabjli amon_g correspondin
MUSCIES is J)artlcularly reat with plgsf rIskey,
1964) and may be related to the Intensity 0

the nérvous stimulus reachm(]; the muscle before
ii_rrl]d 1déJ?rlng slaughter (Bendall, 1966; McLough-
In, - S

Pre-slaughter injection of muscle relaxants
sych as magnesmm salts (Howard an? Lawrie,
1956; Sair ét al., 19/0; Campion et al.. 19/1),
myriesn (Bate-Smith and Bendall, 1949; Ben-
adll 1966&, or cvrare ESBe all, 1966; Sair'et al.
1970 McLoughlin, 1970) has been reported to
decrease the Tate at which the pH falls post-
mortem, while pre-slaughter |n|Je tion of calcl-
um salts has been found. to increase it (Howard
and Lawrie, 1956; Campion et al., 1971). In the
exPNerlments of Lister and Ratcljfte %970,
however, fpre-slau hter m&ectlon of magnesiu
had no effect on the rate o pH fall.

Factors affecting extent of pH fall
_Inthe living animal the pH of resting muscle
is about 7.3, Since the postmortem fall'in pH is
the result of the production of lactic acid from
?IYt:ogen, It is clear that the extent of the pH
all may, deﬁend on the amount of ?Iﬁc?ﬁ;en
resent”in the muscle at the time of sfalighter,
he qlgcogen content can be reduced b
starvation, exhausting exercise, the Impositio
of pre-slaughter stresses of various sorts, or by
strug%hng at the time of Iau%higr {Lawrle,
1960D). "It can also be reduce he pre-
sIaugh er m&ectlon of insulin I(Ba\te- mith and
Bendall . 1949; Howard and _Lawrie,
1956, 1957), or adrenaline (Radoucco-Thomas
et al, 1959: de Fremery and Pool, 1963; Penn
et al, 1963 Klose et al, 1970; Khan an
Nakamura, 1970; Bouton et al._1971). UltI-
il B e g el a0 el B
be}ore sIaughter. Eve wh_eng Yherge IS an ade-
quate supply of gI%cogen in the muscle at the
time of Iatghter the Ultimate pH Is rarely less
than 5,4-5.5"and, for reasons which are not yet
clear, 1t Is sometimes ai)preaably higher than
this. Abnormally low values, down to'4.8, have
%65% recorded “in pig muscle (Lawrie et al,

The temperature at which the”ng%lscle is

e et i (Caens A Newbald 1067
PHYSICAL CHANGES

AT THE TIME of slaughter, muscle is plastic
and highly extensible; 1 full rigor it 1s firm and
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relatively inextensible, In addition to losing its
extensrbrlrtz unrestrained muscle shortens dur-
%the devel menﬁof T%or mortis. Shortenrnﬂ
occur. only while ATP is present. When a
the ATP is Iost the rrgor P]rocess is com Iete
and the muscle Is fixéd in whatever state of
contraction it happens to be at the time.

In 1960, Locker concluded that there was a
relationship between postmortem  shortening
and_ tenderness. This relationship has been the
subject of several mvestrr[ratrons In recent years

Marsh, 164 Herrrn al., 1965a, b, 1967
arsh ‘and Leet, Buc and Black,
7: Buck et al. 1970 Dave et al., 1967

Weidemann et al., 1967; Coo er et al, 1968:
Howard and Judg, 1968 Marsh et al., 1968;
Welbourn et al.._1968: Smdfh et al, 1969
McCrae et al., 1971% Accor mg to Herrrno
al. (1967) the length of the basic myofrbr Iar
subunit, or sarcomere, gives ameasure of the
contractron ) date of the muscle. Usrnﬂ )
muscles excise soon aftersaug ter, Marsh and
Leet (1966a, avey et al. 1967) have
shown thats rtenrn ey up to 20% of the
excised length roducesr atrveIK small changes
|n tenderness w ereas furthers ortenrng from
0-40% gro uces. a several-fold Increase In
shear valu Wrth still further shortenrng there Is
aprogresslve ecrease In toughness until at 60%
shortening shear values are o the same order as
those obtained at 20% shortening or less.
According to Davey et al. (1967) the sarco-
meres are about 25 #]rm Ionoq In fréshly excised
ox neck muscle, so that 40% shortening corre-
%onds to a sarcomere Ienot of about 15 éunr
which is the approximate Tength ot the myosin
filaments. Recently, McCrae €t al. (1971) have
shown the relationship between  postmortem
shortening and tenderness. for lamb muscles
closely resembles that previously found for ox
neck muscles
It has aIso been shown (Herring et al., 1967
Davey et al.,, 1967) that stretching muscle and
aIIowrn? it t0 g0 into rigor in_this condition has
little effect on tendernes% The toughness of
unshortened muscle has been referred to as
back%round tou?hness and is believed . to
represent the situation where the contribution
of the connective tissue to toughness is predom-
Inant. The. Increase |n tou ness wrth shorten-
Ing 15 helieved to be ue to changes In the
myofibrillar structure gMarsh and |eet, 1966b?
Postmortem shorte mg could be a'factor
the reIatrve INCreases, In enderness that occur
during subsequent a |né; or con |t|on|ng
meat.” Davey et al. 62 ave dem? strate
that when the amount of hortenrngo 0X Nec
muscle  Increases above %OA) the” ten erness
|m0orovement with a%rn% e]comes smaller. A
40% shortenrng or greater there IS no |mprove
ment. However, Herrrneg et al. 196 usrn
semitendingsus’ muscl owe du |ng
a mg muscle which had s ortened to a sarco-
length of about 15 UM improved in
tenderness.

Factors affecting postmortem
shortening

Postmortem shortening js dependent on
temperature but not all muscles show the same

tem erature- degendence For examg at
rabbit psoas muscle ex%rsed 500N after
sIaughter sho tens by more than 30% of Its

excrse Ienp e amount of shortenrng
ecreases seadrlgl to about 9% at 2°C (Locke
Hagyard On the other hand, with
ox neck muscle, the amount of shortenrr}g
decreases from about 30% at 37°C to 10-159

at 15°C, hut increases wrth further reductron in
storage temoeraturea enomenon nown
cold-Shorten ﬁ ker and Hag vard

At 0°C this muscle shortens by up 050%0 |
excised length. Ovine (Cookand L angsworth
1966), portine iGaIIowa and Goll
Hendricks et al., 1971) and avian (Smith et aI
: r?gr%)en muscles have also been shown to cold

Even greater shortening can occur in_mus-
cles frozen pre-rigor and then thawed. Thaw-
shortening in excess of 70% has been reported
In rabbit soas Lawrie, 1968), ox neck uscIe
Marsh and Leet, 1966b Scopes and Newhold
90 and shee ongrssrmus dorsi (M 4( arsh and
Thompson, 1958). When it exceeds 40-50% 1t
is accompanied " by the exudation of large
amounts of fluid (Marsh ang Thompson, 1957,
1958: Marsh an Leet, ét

The.amoynts of cold shdrtening and thaw-
shortening decrease as the period hetween
sIaughter and ex osure to cold or freezrng
conditions, resgec Ively, is extended (Marsh an
Thompson, 1958; Locker and Hagyard, 1963;
Marsh'and Leet, 1966h).

In view of its contributjon to meat fough-
ness, it IS clearly desirable to minimize “or
grevent E stmortem shortenrnr};n This can be
ccomplished by allowing rigor mortis to devel-
Oh) at a temp eraturle atb which p |rl)stmotrtem
ortening Is minimal, or sically restrain-
?r %nusce from shdlrt%nf/ l\fllusce re-
strarned from shortening until the rigor process
IS complete_does not “shorten when released
Marsh and Thompson, 1958) and IS not made
tough er %pre rigor exposure to cold-shortep-
mgq aw- ortenrngi conditions  (Marsh,
1964: Marsh and Leet, 1966b). Thaw shorten-
g in muscle frozen pre- rrgor can also be
Prevented by keeping the muscle at a tempera-
ure Just bélow Its Treezing point for several
h/s before allowing 1t to thaw. Under  these
drtrons the chemical changes associated wrth
the eve olpment 0f rigor mortis are completed
while there Is sufficient ice In the muscle to
%event shortenr (Moran, 1930; Marsh and

ompson, 1

On the carcass not all musgles are restrained
to the same extent. Some are firmly attached to
the skeleton at both ends, others at one end
onZ in"addition, the amount by which g
muscle can shorten depends on the position of
the carcass during the development of rigor
mortrs For example, it has been shownS er-
rrng that some muscles from a
SIde of beefsuspe ded by the hin Irlrare more
tender than the corresponding muscles from a
f Posrtroned horrzontaIIy other muscles are
ess tender and others agdain are unaffected
Hostetler et al. (19706‘)1 ran 0 ¢ef al % ?
and Harris and Macfarlane 19 J have ihvest
gated the effects of han mg sides of beef In
Ifferent wa%/s and have found that, compared
with the. conventional method of hanging by
the Achilles tendon hanging by the obturator
foramen ﬁartc bone) Impro sthe tenderne
of somer portant cuts notabﬁthe oin, Inside
round and’ rump. In their stud ilrl‘IS and
Macfarlane sho ed that some uscles from
sides sus en e the aitch bone were as
tender, stmortem as were those
removed from conventronally suspended sides 2
davs Cpostmortem and then” aged for 2 wk at

Bouton and Harrrsg 2) have shown
that the tenderness of she brceps femoris,
sTmrmem ranosus ang %)nglr]srntus ﬁrsr muls
cles can be improved by hanging the who

carcass from the pelvis instead of from the
Achilles tendon.

The time-temperature_history of a carcass
dunng the ore rigor period can also have a
marked effect on the tenderness of the resuItrng
meat. The Ion |ss|mus dorsi muscles from lam
carcasse% for varrous eriods at 20°C
before being exposed to freezing conditions
have been shown by Marsh et al. {1968) to be
more tender when the holding period exceeds
16 hr than when it is shorter than this. McCrae

(1971) have shown that lamb muscles

widely’ in their re(s o]se to pre-ri or
fre zing of ‘the carcass and that increasing
holding period at 18°C from 10-16 hr before
freezer-entry greatly improves the tenderness of
some muscles. Howeve other muscles are very
tender despite early f reezrnP

From studies of the effects of physical and
mechanical treatments on the tenderriess of the
ox longissimus dorsi. muscle, Smith et al. (1971)
concluded that chilling the carcass in a cooler at

°C for more than the first 16-20 hr_post-
mortem produces, as big an improvement in the
tenderness of this muscle as can be brought
about by changing the method of carcass

SUSPEnsIo

réchmrdt and Gilber (1970) have compared
the tenderness o beef uscles removed pre-
rigor and stored at 15°C for 24 ? r 48 hr with
the corresponding muscles ?contro s) left on the
?arcass and chilled at 9°C for 24 hr, The biceps
emoris and longissimus dorsi muscles stored at

°C for 24 hr were of equivalent tenderness to
therr controls while those stored at 15°C for 43
rwere sr%nrfrcantly more tender. The semi-
membranosus showed no treatment effect while
the excised semitendinosus musriles were srgnrfr
cantl tougher than their contro

The méchanism of apostmortem shortenin
believed to be the same as that of musc
contraction  in vivo, Hence an understaindrn? of
the factors involved in the p hsroloorc control
of muscular contraction could fead to the
development of methods for preventing post-
mortem shortening which do not involve tem-
perature control or ph srcaI restraint.

Throughout muscle there is a very fine
anastamosing netwark of tubules (t %he sarcoplas
mic reticulum) which have the ability to store
calcium._ For contractron to occur, “not only
must ATP be present, but calcium must be
released from this network and diffuse to active
sites on the contractile proteins. Weiner and
Pearson_ (1966, 1969) have shown that intrave-
nous. Injections of calcium che]atrn? %oents into
rabbits "and pigs before slaughter Inhibit post-
mortem shortening of the semrtendrnosus mus
cle, and result 1n-a significant |m rovement |n
the tenderness of the pig muscle ut not of the
rabbit muscle. These results indicate that post-
mortem shortenrnR can be reduced by chemical
as well %/ P sical means. However, an
acceptable chemical method has not yet been
devised. The deve]opment of such amethod %
gnt éarrtea) r(r)f research which merits a great dea

|

SUMMARY & CONCLUSIONS

THE PRODUCTION of tender meat is
not entirely the responsibility of the meat
producer, Tor tenderness is greatly influ-
enced by the conditions P]revarlrng durrnﬁ
the period between slaughter and the fu

development of rigor mortis, Thus the
meat processor, by using unsuitable proc-



essing methods, can make potentially
tender meat tough.
It has been established that tenderness
is related to postmortem shortening and
processing methods should therefore be
aimed at mlnlmlzmg]thls shortening.
Experiments with lamb and beef have
shown that one way of reducing “proc-
essing toughness” i$ to hold the carcass
for about 20 hr in a room at 15—0°C
before placing it in a freezer. A disadvan-
tage of this method is that bacteria can
%rov_v well at this temperature and a
istinct health risk may be introduced. If
the humidity is reduced to a level which
discourages ‘the growth of salmonellae,
ﬁ\/aﬁ)oratlve losses from the carcass can be
igh.

Another approach to the prevention of
shortening is to change the method of
hanging the carcass (or side) during the
development of I‘I%OI’ mortis. The change
in posture brought about by hangin
from the Achilles tendon leads to consid-
erable shortening of some of the major
muscles of the hind-leg and back. Much
of this_shortening can be avmded,b%/
suspendm% the carcass from the aitc
bone. Although such a method improves
the tenderness of these muscles it pro-
duces a change in carcass conformation
which makes both ‘boning out’ and com-
mercial handling more_difficult. These
disadvantages ma pqssle be overcome
b}/ further modifications to the method
of suspending the carcass.
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THE RELATIVE IMPORTANCE OF SOME
DETERMINANTS OF BEEF TENDERNESS

INTRODUCTION

DETERMINANTS of meat tenderness may be either direct or
indirect dependm? on whether they affect tenderness directly
or through an effect on another determinant. It follows that
direct determinants will be intrinsic properties such as meat
composition or the degree of contraction of the muscle fibers,
while_indirect determinants may be either external charac-
teristics, such as nutrition, or infrinsic characteristics, such as
animal age or genotlype. _

A number of fechniques have been used to assess the
relative importance of several possible direct determinants.
Howard and Judge (1968) measured several characteristics and
assessed their importance by multiple regression techniques
with the stepwise removal of variables. Cover et al. ?11962)
were able to make inferences based on the way in which taste
panelists answered certain carefully selected questions about
different components of tenderness. _

In this study sex, weight and breed type were considered as
Possmle indirect determinants of beef tenderness. The aim was
to acquire some information on the direct determinants
involved by measuring the effects of sex, weight and breed
type on the response of tenderness to different cookllngi
temperatures and to different aging times. Also, a theoretica
quantitative assessment was made of the relative effects on
overall tenderness of changes in composition and of chanqes in
the tenderness of individual components. A simple model was
considered under a range of conditions.

MATERIALS & METHODS

STEAKS were obtained from animals used in experiments designed
rimarily for Rurp?ses other than the assesim nt of tenderness.
owever, the animals were raised In the same place and. under simjlar

conditions. Table 1 lists some characteristics of these animals t? ether

with references which give more details. Two or three days foll Wlng
sllgu%rr]ter in a commercial abattoir, cuts containing ribs 8, 9, 10, 11 an

cm thick steaks were cut for all 0groups except S500 where %nly three
steaks were cut, sm?e only ribs 10°and" 11 were dissected for at_%rouP.
Two steaks were allocated to each of the four treatments described in
Table 2 except that in the case ofgroup S500 no stfaks were allocated
to treatment C. Steaks were stored at 4° £ 1°C in polyethylene bags. As
much air as possible was excluded from the bags but they were not
evacuated or sealed. Cooking was accomplished bh/ suspending  the
plastic bags over a water bath~so that the portion containing the Steak
was immersed (Marsh et al., 1966; Bouton et al., 19/1). Following
c Oklnﬁ, the steaks. were cooled ovemlght at 4°C in the plastic hags.
The tenderness of six 14 x 14 mm cores was then assessed by shearing
perpendicular to the Fibers with a Warner-Bratzler shear device. Care
was taken to_cut }he,co_re,s arallel to the muscle fibers.

The statistical significance of sFecmc comparisons was tested by
means of orthogonal ontrasts (Sokal and Rohlf, 1969).

RESULTS & DISCUSSION

MEAN SHEAR values are shown in Figure 1, while the
changes in shear values with 14 days aging and with a change
of 15°C in the cooking temperature are shown in Figure 2.
Table 3 lists the statistical significance of the orthogonal
comparisons that were made.

Effects of sex, weight and breed

Meat from Friesian-Brahman cross bulls (FBB? was signifi-
cantly tougher than that from Friesian' bulls (FB) for
measurements A, B and C (Table 32, and it responded to aging
gA—D) to a significantly greater extent than the FB meat (Fig.
, Table 3). Brahmans and Brahman crosses have been shown
reviously” to groduce tougher meat than British breeds
FPaImer, 1963; Ramsey et al., 1963), although Howard (1963)
noted that animals from Brahman sires Rro uced more tender
meat than those from British sires. The tenderness charac-
teristic differing most between the two %enotypes was the
response to 2 wk aging which implies that the meat from the
two groups differed in the characteristics which are responsible
for tenderness changes during a(%lng. There is evidence that
some of the most important of these changes are associated
with the myofibrils, particularly in the Z line region (Davey

Table 1—Characteristics of the groups of animals

om hoth sides were brouglht to_the laboratory for physical
?ISSQCI!OH. ?utﬂd slices of at least 3 mm from the ?]ISSG ted M
ongissimus from the 10-11-12 rib cut were discarded and then four 2.5
Group Age at
desig- No.of castration3
nation Breed Sex animals (month)
S500 Friesian Steer 12 3
M0 Friesian Steer 10 3
EC Friesian Cryptorchid 10 3
LC Friesian CI’thOI‘ChId 10 10
FB Friesian Bull 13 —
FBB Friesian Bull u

X Brahman

Approxage  Approxlive  Feed
at weight at immediately
slaughter slaughter pre- Reference for
(month) (kg) slaughter further details
18 500 Grain Davies and
. Faichne 81971)
17-20 400 Grain Kellaway {1971
17-20 400 Grain Kellaway (1971
17-20 400 Grain Kellaway (1971
10 300 Pasture Kellaway and
Colditz (1971)
10 300 Pasture Kellaway and
Colditz (1971)

aln the case of the cryptorchids, their testes were forced into the body cavity rather than removed (Hudson et al., 1968).
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and Gilbert, 1967; Davey and Dickson, 1970), thus su%gesting
that the Brahman-Friesian bulls had less stable Z lines than the
Friesian bulls. Alternatively, the greater effect of aglng shown
on_Brahman-Friesian cross meat may have resulted from the
Friesian bull meat having tenderized mainly before the first
tenderness measurement ‘at approximately "5 days, in_which
case it could be argued that the Brahman-Friesian Z lines
structure was more stable. _

In this study neither the weight of the steers at slaughter
(Sa00 V8. Ssoo) nor the age at which the cryptorchids were
operated on (EC vs. LC) had any significant éffect on an¥ of
the measures of tenderness considered (Table 3). Zinn et al.
1970) _reported significantly higher shear values for samples of

. longissimus from Hereford stéers and heifers at 427 kg than
for similar animals at 339 kg. However, the former group was
120 days older. _Murra?/ (1970), on the other hand, showed a
significant ne(};atlve relationship between shear values of M.
longissimus of Angus steers and live weight over the range
300400 kg. No differences were detected by Suess et al.
51966) in the tenderness of steaks from Angus steers slaugh-
ered "at 386, 424 and 455 kg live weight. Thus, the
relationship between live weight and tenderness of beef in this
live-weight range seems inconsistent. _ .

The decrease in the significance of the differences in
tenderness between cryptorchids and steers with increased
postmortem aging is consistent with the significantly greater
response to aging shown by meat from cryptorchids (Table 3).
This greater Tesponse to aging makl a_?am be interpreted in
terms  of myofibrillar or Z line stability. If the degéree of
breakdown of Z line structure is dependent to some extent on
the activity of lysosomal proteases (Valin, 1970?],_ then
stability of lysosomial membranes may be important. This may
partially explain the greater aging ‘effect on tenderness of
cryptorchid meat as crthorchlds have more circulating testos-
terone than steers (Kellaway et al., 1971) and testosterone has
a Iabellzm% effect on lysosomal membranes (Weissmann and
Thomas, 1964). , _ _

The response of tenderness to an increase in cooking
temperature from 60°C to 75°C was significantly greater for
steer meat than for cryptorchid meat ‘suggesting that steer
meat differs mgnlflcan ly in the components which cause
changes in tenderness as meat is heated over this range.
According to Hamm (1966), the decrease in tenderness
normally encountered as meat is heated from 60°C to 75°C is

20} Lc
Al8llc|[o
o

%r]iimals (Table 1) and for the four measurements of tenderness (Table

due to the coagulation of myofibrillar proteins and shrinkage
of collagen. The concomitant partial solubilization of coIIagten
(Goll et al, 1964) would increase tenderness. Therefore, the
results in Table 3 imply that steer meat either has more
proteins which coa(l;ulate over this temperature range, has
more collagen or collagen that shrinks to a greater extent, or
has collagen which is less soluble than that of cryptorchids.
Care should be taken in the interpretation of the steers vs.
cryptorchids comparison as the physiological differences are
confounded with ‘a difference in mean weight. However, the
absence of any significant differences between the two groups
of steers would suggest that differences between the steers and
crygtorcmds were not due to welght effects. o
onfounding effects cannot be separated so easily in the
comparisons between bulls and steers glus cr%ptorchlds. The
significant differences shown in Table 3 may be due to a sex

Table 2 - The four treatments applied to different steaks from each
animal to give the four tenderness measurements A, B, Cand D

Storage time Cooking  Temp of the

Tenderness  (days post Storaé;e temp  time water bath
measurement  mortem) (°Ct J) (min) (°Ct J)
A 5t1 4 60 5
B 2+1 4 60 &
C 1241 4 60 60
D 19+1 4 60 75
sl aging effect
8
[ 6r +
g
€ af
§ 2 m
(o]

Ss00 400 EC LC FB FBB

gl cooking temperature effect

| i
o

Change in shear force

o

%00 EC LC FB FBB

Fig. 2-Means and standard errors of the
changes in shear force as meat was aged from
5—19 days and as the cooking temperature was
increased from 60°C to 75°C. Values are given
within each of the experimental groups (Table
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Table 3-Levels of statistical significance of the five orthogonal comparisons for each

measurement of meat tenderness

Comparison*
FB vs. FBB

£ 1

28400 Ss00) V8. (EC + LC)
Saoo + Sso0 + EC+ LC) vs. (FB + FBB)

A

**

NS
NS

**

Tenderness measurement*5

B C D AD BC
* * NS *kk NS
NSNS NSNS -

NSNS NSNS S
O -

“Explanations of the abbreviations used are given in Table 1.
“Explanations of the postmortem treatments are given in Table 2.
***p < 0.001; **P < 0.01; *P < 0.05; NS P > 0.05

effect, a weight effect, a breed effect or an effect of immediate
pre-slaugihter nutrition. The results in Figures 1 and 2 would
suggest that the breed differences discussed prevmu_sly make
an” important contribution. It has already been pointed out
that slau?hter weight effects on meat tenderness are inconsist-
ent. Field (1971? has recently reviewed studies involving

st (A) Connective tissue

| 2 3 4 S
e
03¢
(B) Non connective tissue
2 § §
2502
85¢ 90/ NCT
5y 95 NCT.
i3 99°% NCT
Es %
v b
3
v
g 0
Be
(o] 1 1 1 1
| 2 3 4 5
CT tenderness
NCT tenderness (@)

Fig. 3-Changes in the tenderness of connective tissue (A) and
nonconnective tissue (B) that would give rise to the same change in
overall tenderness as a change of 1in CTpercent. Values are plotted for
ratios of connective tissue tenderness to nonconnective tissue tender-
ness from 1—5 and for 1, 5 and 10% connective tissue.

comparisons between the tenderness of meat from bulls and
steers and although bull meat is usually less tender, the
differences are frequently not statistically significant.
Consideration of data from all the animals regardless of
treatment revealed close relationships and significant correla-
tion coefficients between initial shear force ?A, Table 2) and
the response of tenderness to aging i(’_ca.(a—D)ZO.?Gl
P< 0.011and between shear force at'a cooking température of
75°C (B) and the response of tenderness to a change in
cookin ten}perat,ure from 60°C to 75°C (rB. _c) =0.856,
P<0.01). That is, there was a tendency for aging and for
changing the cooking. temperature from 75°C 'to 60°C to
become less effective in terms of tenderness improvement as
the initial tenderness decreased. The first of the relationships is
consistent with the previous suggestion that the main meat
tenderness difference between Brahman-Friesian and Friesian
bulls and between cryptorchids and steers was associated with
the characteristics of ‘meat that change during aging. However,
the second relationship, which indicates that ﬁreater effects
from cooking temperature may be expected with higher initial
shear values, does not fit in with the Proup differences shown
previously (Table 3), exceﬁt possibly with the apparently
%reater response of Dbulls than cryptorchids to the cooking
emperature change (Fig. 2). . _ , _
As noted above, changes in tenderness with aging and with
an increase in cooking temﬁerature_from 60°C to 75°C appear
to be largely due ‘to changes in the properties of the
myofibrillar proteins. Therefore, the demonstration of signifi-
cant effects of indirect tenderness determinants (sex, weight,
breedz on these characteristics (Table 3) supports the sugges-
tion_that most of the variation in overall tenderness can be
attributed to variation in the tenderness of the nonconnective
tissue portion of meat (Davey and Gilbert, 1967; Szczesniak
and Torgeson, 1965). Further'support for this contention may
be obtained from simple theoretical considerations as follows.

Theoretical effects of composition

For simplicity, meat is considered to_be a two-component
system comprising connective tissue (CT) and nonconnective
tissue (NCTS). It is assumed that the tenderness of these two
components contribute additively and independently to over-
all tenderness so that:

T=ax+Db(100 —x) (1)

where T = overall tenderness [(force/area) x 100]; x = percent
CT in a cross sectional area; a = tenderness of CT (force/area);
and b = tenderness of NCT (force/area). ,

It is_ apparent from equation (1) that changes in T ma
result either from changes in the connective tissue percent (xﬁ/
or from changes in the tenderness of connective tissue or
nonconnective tissug (a or b). The relative importance of these
three sources of variation are considered below.
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If all tenderness measurements are expressed in terms of
NCT tenderness (b), equation (1) becomes:

Th=a'x+100-x 2)

where Th=T/b and a' = a/h.
By differentiation of equation (2) with respect to x,

dTy _
ax @ -1

or AT
Ax' (3)

since dTh/dx is independent of x.

The results of Field et al. (1969) sug?est that a' would have
a value between 1 and 2 for rib steaks from cattle of less than
2 yr cooked to an internal temperature of 71.1°C. However,
this was based on the tenderness of epimysium which may not
be the same as that for perimysium. In this connection, Mohr
and Bendall (1969) have shown that intramuscular connective
tissue_ is less soluble, and, therefore, probably less tender
LI-_Ierrmt[] et al. 1967) than tendon connective tissue, while

ield et al. (1970b) demonstrated differences in the thermal
trfatr)15|tf|ons for intramuscular and epimysial connective tissue
of beef.

The change in Th resulting from a change of one in the CT
percent is equal to a' —1 [equation (3)I]. Thus, the relative
effect of changes in CT percent and CT or NCT tenderness
mayr be assessed by estimating the required changes in CT or
NCT tenderness that would produce the same change in Th as
a change of one in CT percent. . .

_First, for changes in CT tenderness, equation (2) is
differentiated with respect to a' to give

dTh
dar ¥
and
pa' = AT (4

From equation (4) the changes in CT tenderness in terms of &
that produce the same change in overall tenderness as a change
of one in CT percent may be calculated for different values of
x and a', Figure Ba))lots such values for ranges of a' from 1-5
and for L, 5and 10% CT.

~ The effect of changes in NCT tenderness (b) can be assessed
similarly by expressing all tenderness values in terms of CT
tenderness (a) and then differentiating the resulting equation
with respect to b':

gTaL

~7 = 100 —X (5)

where Ta=T/a and b' = b/a. From equation (5):

_ATa

A 100-X
bI ATb 1 - 1
00X (since Ta=Thb').

But the required changes in NCT tenderness estimated in this
way are expressed in terms of b'. These may be converted to &'
units by muIt_|RIy|ng by _(a'82, s0 as to make them directly
comparable with changes in CT tenderness producing the same
overall effect, Values comparable to those for CT are plotted
for NCT in Figure 3b.

It can be seen from Figure 3, for example, that if there is
5% CT, and if the ratio of CT tenderness to NCT is 2.0, then
an equivalent change in overall tenderness will be produced by
(i) achange of 1in CT percent, (ii) a change of 0.2 in a" whén
the changie is due to a change in CT tenderness only, or (iii) a
change ot 0.0208 in a' when the change is due to & change’in
NCT "tenderness only. _ . .

The main value of an anaIYS|s such as this is probably in the
prediction of relative rather than absolute values for the three
sources of variation. The most notable result in this regard is
the much smaller change in NCT tenderness that is required to
produce the same effect as relatively large changes in CT
percent and CT tenderness. In the above examPIe a 1%
Increase in NCT tenderness produced the same result as a 10%
increase in CT tenderness. Thus, it seems hardly surprising that
although some studies have shown CT content (Mackintosh et
al., 1936; Ramshottom et al., 1945; Hiner et al. 19556) and CT
characteristics such as solubility (Herring et al.. 1967) to be
related to meat tenderness, manf/ other studies have not
?zwllson et al., 1954; Goll et al., 1963; McClain et al., 1965;

ield et al., 1969, 1970a).
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THE EFFECT OF AGING ON PHYSICOCHEMICAL PROPERTIES OF
ACTOMYOSIN FROM CHICKEN BREAST AND LEG MUSCLE

INTRODUCTION

THE NATURE of the changes in muscle
meat which occur during “post-mortem
aging and which bring about tenderness is
not “fully understood, but it must be
mainly the result of changes in the
interaction of the muscle proteins. These
Brotems have been the subject of a review
y Goll et al. (1970), who summarize and
discuss post-mortem alterations in the
sarcoplasmic, stroma and myofibrillar
proteins. Sarcoplasmic proteins undergo
degradation and denaturation during
Bost-mortem aging but no direct link has
een shown to exist between these
changes and the development of tender-
ness.  As well, most workers agree that
little alteration of the stroma protein
oceurs d_url_n? post-mortem aging. Only
the myofibrillar proteins appear to under-
?o structural changes which may be re-
ated to development of tenderness in
meat. These changes are manifested bly a
loss of Z-line and occasionally M-line
structure as seen in electron micrographs
and as alterations in_the interaction be-
tween actin and myaosin.

Actomyosin extracted from muscle
following * post-mortem storage has ex-
hibited a number of physical and chemi-
cal changes. Firstly, there is an increase in
MgF+ mediated adenosine triphosphatase
(ATPase) activity, which is _most pro-
nounced at rigof mortis, while there is
little change in Ca++ mediated ATPasg
activity. This has been noted in rabbit
Fujimaki et al., 1965a and bg and hovine
Herring et al., 1969a; Robson et al.,
967) “actomyosin, and in rabbit (Penny,
1968; Yang et al., 1970), bovine (Go
and Robson, 1967r) and porcine (Greaser
et al, 1969) myofibrils. Secondly, there
IS an increased sensﬂw% of actomyosin
to dissociation by ATP during “post-
mortem storage (Fuglmakl et al., 1965bh,
¢; Herring et al., 1969b; Arakawa et al.,
1970), and lastly, an increase in viscosity
during rigor mortis (Fujimaki et al,
1965b; Herring et al., 1969b). These
changes may be related to the pro?resslve
lengthening” of the sarcomere’ following
rigor mortis (Gothard_ et al., 1966;
Stromer et al., 1967; Takahashi et al.,
1967). These observations suggest that
there is a close interaction between actin
and _myosin during rigor mortis which
diminishes with aging. "In fact, Fujimaki
et al. (1965a) and Herring et al. (1969b)

have sPecn‘lcalIy demonstrated a larger
amount of actin bound to myosin during
rigor mortis. . .

To date little attention has been di-
rected towards changes in the actin-myo-
sin interaction during post-mortem aging
of chicken muscle. Chicken muscle is
special in that it undergoes rigor mortis
very rapidly, starting within 3 hr of death
and_ being “completed within_12-24 hr
deFremery and Pool, 1960). The present
study examines some of the chemical and
physicochemical _properties of chicken
muscle actom¥_05|n extracted at different
post-mortem times in order to delineate
changies occurring through rigor mortis
and to examine differences in" the myo-
fibrillar R_rotems of white breast muscle
and red thigh muscle.

MATERIALS & METHODS

Reagents

, |so?|um adenosine tri hotha_te (ATP
with a low Ca++ content was obtained fro
S|gma Chemical Co,, ?t. Louis, Mo. All other
reagents were analytical grade.

Muscle hsource « ald e

Eight-to-ten _ week old commercial  Pee
str_amgbrm?ers, 5-6 Ibin welg%t, hatched and
raised at the Umvermw_ of Alberta L%b. Animal
Centre were used In this study. The birds were
sacrificed by severing the carotid arteries, and
then scalded at 60°C for 90, sec, Elu%ked,
eviscerated and placed in an ice-wafer bath,
Muscle samples were_removed in pre-rigor at 30
min, In_rigor at 3 hr, in post-rigor at 21 nr ang 7
days. To prevent bacterial contamination, the
carcasses 10 be aged were stored at 2°C, and
wrapped In paper towels which had hbeen
soaked In 10 'mM sodium azide. Swabs taken
from the carcasses at each period of sampling
showed no ohservable bacterial growth.

Actomyosin extraction

. Samples of whole breast mu?cle from six
individual hbirds and Ie?n muscle from two
Individual birds were removed from the car-
casses and trimmed free of visible fat and con-
nective tissue. 50g of muscle were excised for
each experiment, homogenized in 150 ml of
water for 1 min in a Waring Blendor and the
resulting sulgerna ant discarded., The actomYo-
sin was extracted from the residue by adging
four volumes of Weber-Edsall solutjon follow-
}\r}lg the procedure of Haga et al. (1965) and

ihalyl and Rowe (1966). Collagenous material
was removed from the ‘extract b¥ centrifuga-
%_lon. The, crude actomyosin was Turther_puri-
Ied bfy diluting the extract to 0.15M KCl an
centrifugation at 7,000 x G for 10 min to
separate” the suspended actomyosin, which was

—
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%hen redissolved b%/ the addition of 3\
Inal concentration of 0.6M KCL This purify
tion was repeated twice, Thf extract was dial-
}/_zed overnight against 15 vol of 0.6

inally clarified at 20,000 x G for N hr. The
actomyosin solution was stored at 0°C and used
within” 3 days, although preparations stored for
up to 2wk Showed no discernable alterations in
SH avajlability. reduce wscosﬂX or sedimenta-
tion velocity.” Reported results dre the averages
of all determinatjons qn all lflrds for each treat-
ment group. ,Eaéh Individual measurement was
done at least in duplicate.

Protein concentrations

Protein concentrations were measured usin
the Folin method of Lowry et ail. g%
u

1
azr%?zlgl dag%ns(t)ygrrggta?ﬂﬁe Egglﬁ ng%gn}' -

Measurement of ATPase activity

_. The Cat+ and Mgy++ mediated ATPase activ-
ities of actomyosjn were determined by measur-
mlg; the release of Inorganic, phgsghate at 25°C.
The reaction mixture consisted of 20 mM Tris
acetate buffer (pH 6.82, 1 mM CaCl2 or MgCI2
and 0.02M KCL Thé protein solution was
adjusted to give a concentration of exactly 0.25
mg/ml._30 Sec after the addition of protein 1
mM ATP was added and 2 ml alluT ots were
removed at 60-sec mtfrvals and transferred to a
tube containing 1 ml of cold 15% trichloro-
acetic acid, Denatured protein was removed by
c_entrlfugatlon, and the inorganic phosphate
Ilberaée during the reactlfon was determined
according to the method of Quass and Briskey
El_?BSn). Results were expressed as pmoles
I/min/mg protein.

Sulfhydryl determinations

The. SH groups in natural actom oTin were
determined "hy “the method of Sedlak and
Lindsay (1968), a technique based upon orig-
Inal observations by Ellman (1958) who re-
orted that 5, '-d|A jobis-2(-nitrobenzol audl
B) Is_reduce H’ groups to form

?f 2-nitro-5>-mércaptobenzoic acid per
mole of SH. _ _

0.75 ml of 0.2M Tris buffer and 0.2M di-
sodium gt ylenedlamllne T1etracet|c acid ;I)H 8.2,
was added “to 0.5 ml of 0.2M KCI actomyo-
sin_solution (protein concentration = 2.5-4
mg/ml). To this, 0.05 ml 0.1M DTNB dissolved
In“methanol was added and the volumes made
ug to 5 ml with HjO_or 8M urea in duplicate
samples. and_blanks. The tubes were spun at
3,000 XG for 15 min, and the absorbance of
tqe sup?rnaéant was read at 412 mp after com-
plete color development.

Viscosity . _
The viscosity of the actomyosin solutions
was determined at 25°C In a Cannon-Fenske
viscometer of 5 ml capacity with an outflow
time of 63.5 sec for water. The same viscometer



Table 1-ATPase “activity of natural actomyosin isolated from

chicken breast muscle

Time of post-mortem storage

Activator 0 hrb 3hrb 24 hre 168 hrh
1 mM Ca++ 14 £ .01 10+ .01 14101 14 + .02
I mM Mg+ 12+0  16+.02 16+00 10201

EppLE

preparations from six di

C |[%ureds are /smoles Pi/min/m
standart. deviatid fom Jetermin
preparations from four different bir

was used throughout the entire series of studies.
Because of the thixotropic natyre of the acto-
myosin solutions, the vera%e of the first three
readings was taken. The reduced viscosity was
calculated from ¢j(red) = r?(crel)-l. where ¢ =g/dl.

Ultracentrifugal analyses _

A model L2-65B preparative ultracentrifuge,
ecs]pred with the schlieren optical sw,tem Was

ed for all analyses. An An-D rofor with a 12
mm_center. piece was operated at 40,000 r ma}
20°C. Sedimenting holndaries of the 5 mg/m
runs were photographed at 15 min Intervals and
of the 3 ma/ml runs every 2 min. Measurements
of the schlieren patterns were made with a
Bausch_ and Lomb measuring maPnlfler. Sed-
mentation coeffluen%s were Ccalcufated_accord-
Ing to the method of Schachman (1957), with
no corrections bemq made for " the "Johns-
ton-tO_gston effect or Tor radial dilution of the
protein.

RESULTS

ATPase activities

M%++ ATPase activity for both leg and
breast muscle actomyosin increased dur-

ing I‘IHOI’ mortis, as shown in Tables 1 and

2, although the activities are much lower

in the breast muscle than in the leg

muscle for each aging period. These re-

sults corroborate previous studies of rab-

bit (Fujimaki et al., 1965b) and bovine

(Herring et al., 1969a; Robson et al,

1967) “actomyosin and rabbit (Penny,

1968) , bovine and porcine myofibrils
(Herring, et al., 1969a).

Table 2—ATPase activity of natura}‘l acto-
myosin isolated from chicken leg muscle

Time of post-mortem storage

Activator  Ohrb 3hrb 24 hrb 168 hrb
ImMCat+ 12 12 12 11
ImMMgH+ 17 20 .18 16

ik A0 B 7 R
P ke g o
%Pér%ﬁt %‘llll;lage protein preparations rom two

25 mg agtomyosin/ml; 1 mM ATP; 20 mM
6.8 95%% y

tmm%wﬁwﬁmwmwmm
f /b §>t<foressed as mear& é)lus or minus.the
S.

uscle protein

0ns on Separaté muscle protein

_ With the exception of breast actomyo-
sin_during rigor mortis, the Cat++ ATPase
activities for breast and leg muscle do not
alter durmg postmortem “aging. Wu and
Saa/re (1971) ‘and Khan and"van den Ber
(1964) in studies of the myosin_ an
actomyosin - respectively from chicken
breast and leg muscle réported no differ-
ences in the Cat+ ATPase activities.
However, in our analysis of breast acto-
myosin there is a marked reduction in
Cat++ ATPase activity during rigor mortis,
This observation is not easily reconciled
with results reported for rabbit (Fujimaki
et al., 1965b) and bovine (7Herr|ng et al.,
1969a; Robson et al., 1967) actomyosin
and bovine myofibrils (Goll ‘and Robson,
1967) which”showed increases in Cat+
ATPase actlvng durmP rigor mortis. How-
ever, Penny (1968) also noted a decrease
in_activity” in studies with rabbit myofi-
brils_during rigor though he attached no
significance to these results.

ATPase activities mediated by Cat+
are marginally higher for breast éwmte)
than for”le \K/red muscle. Wu and Sayre
1971) and Wu (1969) reported the Cat++
TPase activity of myosin from leg mus-
cle to be 82—86% that of breast myosin
but myosin from the red and white
muscle “of pigeons (Maddox and Perry,
1966) and rabbit m¥osm (Barany et al,
1965; Seidel et al., 1964; and Sreter et
al., 1966), actomyosin and myofibrils
(Seidel et al., 1964) exhibit more pro-
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nounced differences in Cat+ ATPase ac-
tivity.

Sulfhydryl analysis

Tables 3 and 4 illustrate that SH
groups exposed after denaturation with
M urea do not change appreciably with
aging for both breast and leg muscle
actomyosin. The number of groups ex-
Posed in the leg actomyosin is marginally
ess than in the breast muscle. Chajuss
and Spencer (1962) using the nitroférri-
cyanide technique for determlnlnP sulfhy-
dryl content and Gawronski et al. (1967)
using polarographic analyses showed a
decrease in thiol concentration of chicken
breast muscle with aging. Recently Cald-
well and Lineweaver ?19 9),_app|y|n? the
DTNB method for determining” sulfhy-
dryls showed no change in SH concentra-
tion with a mg. .

The sulthydryls exposed in the 20 mM
KCL solution show little variation with
length of storage for leg muscle, but in
the breast muscle a pronounced increase
in sulthydryls is observed at rigor mortis.

Viscosity

The reduced viscosity of leg and breast
actomyosin is markedly dependent on
protein concentration as‘shown in Figures
1 and 2, a characteristic observed in other
studies gFunmakl et al., 1965b; Herring et
al., 1969h). o

The reduced viscosities for both leg
and _breast actomyosin _increased to a
maximum at rigor’ mortis_and then de-
clined slowly during post-rigor aging. The
values for breast actomyosin were mark-
edly depressed after 7 days aging. A
similar trend has been observed in rabbit
(Fujimaki et al, 1965b) and bovine acto-

myosin (Herring et al., 1969b2 though
C,hau.drz_et al. (1969) showed little varia-
tion in his studies.

Ultracentrifugal analyses

Sedimentation diagrams for breast and
leg actomyosin are shown in Figure 3.
Duplicate ‘or triplicate peaks of F-acto-
myosin (I in photograph A of the breast
series and | in photograph E of the leg
series) can be observed in each photo-
graph. At 3.0 mg/ml the S20,w values for

Table 3—Sulfh¥‘dryl group analyses of natural actomyosin isolated

from breast muscle

Time of post-mortem storage

Diluent 0 hrb
HjO 35+ 4
8M Urea 98+17

are mo

“Conditions of arg%lysgs l_ﬁ%eﬂ%sgdescrihed in text i?j Methods.

minuslgtLHgS fandard  geviatio (f
preparations from SIX dﬂ?erent Bir
0les SH/losng

. CFigures are
minus gﬁ]

rotein .expresse
om SIX ‘separate muscle

rotei
e sfandad deyjation” from
preparations flrom {our (?l\fllerent birgs.

Jhrb 24 hrQ 168 hrc
46+ 8 38+.6 37+2
102+6 104+5 104%5

i P

? expressed as means plus or
our "separate muscle protein
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Fig. 1—Post-mortem changes in reduced viscos-

ity of natural actomyosin isolated from chicken

breast muscle. Final concentrations: 0.6M KCI;

20 mM Tris-acetate pH 6.8; concentrations of

protein as shown. 3 mg/ml; 41 2 mg/ml;
1 mg/ml.

this peak varied between 35—50S. These
are within the ranPe of values reported
for rabbit skeletal muscle actomyosin
Haga et al, 1965 and Johnson™ and
owe, 1964) and cod muscle actomyosin
King, 1966). Fujimaki et al. (1965b¥ and
erring et al. (1969b2 have reported
slightly lower values at this concentra-
tion. "Myosin A and/or G-actomyosin
gJohnson and Rowe, 1964; King, 1966;
char?f et al., 1966) were not observed in
any of the preparations and this would_ be
expected in view of the long extraction
times which were used in the preparation
of the natural actomyosin.

The gel component (Il in photograph
A of the breast series and photograph E
of the leg series) regarded as a three
dimensional network "of gel actin and
myosin s clearh(] discernable in each
photograph. Roug ?uantltatlve measure-
ments of the area of the gel component
with time of aging were made and these
su_?ﬁest_an increase in the Pel-fractlon
with aging of both breast and [eg prepara-
E|109n635 In “agreement with Okitani et al.

Table 4—Sulfhydryl group analyses of natu-
ral actomyosin isolated from leg muscled

Time of post-mortem storage

Diluent Ohrb  3hrb 24 hrb 168 hrb
H20 3.8 3.9 3.8 35
8MUrea 9.6 8.7 94 8.7

0 |th%1& of analysis are as described in

C

tex )
ei)\l-l(llgurees a?e moles ?H/lOs rotein er-
re?se a5 the ‘mean,of Two Se ﬁl%te usae
Bro ein preparations from two" difterent Dirds.

4 8 12 16 20 24 168
Time Post-mortem (hrs)

Fig. 2—Post-mortem changes in reduced viscos-
ity of natural actomyosin isolated from chick-
en leg muscle. Final concentrations: 0.6M
KCI; 20 mM Tris-acetate pH 6.8; concentra-
tions of protein as shown. 3 mg/ml;
41- 2 mg/mi; 1 mg/ml.

No noticeable differences in S2ow
values were recorded with time of aglnﬁ
for either breast or leg although muc
variation was experienced with duplicate
tests, a situation somewhat reminiscent of
the viscosity studies. Although differ-
ences with aFmg can be observed in the
general profile of the ag?regated F-acto-
myosin species, interpretations of such
changes must be considered beyond the
%_cople of even the most fertile imagina-
ion!

A peak (II1'in photograph D) giving an
S20W value of between_ 13 and 14
appeared consistently in 7-day chicken

breast preparations and occasionally in
the 24-nhr Preparatlons but was ahsent in
all stages ot aging for leg preparations.

DISCUSSION

ATPase activities

From the results and discussions of
other workers, the increase in Mg+t
ATPase activity we observed during rigor
mortis could be explained by three possi-
ble factors: the degree of contraction, the
presence of cc-actinin or the actin content
of actomyosin. Increases in Mg++ ATPase
activity resulting from shortening of mus-
cle fiber is not acceptable, as Robson et
al. (1967) and Goll and Robson (1967)
extracted actomyosin and  myofibrils
from muscle fibers stored at 16°C and
observed an increase in Mg++ ATPase
activity without discernible shortening of
the fibers, oc-actinin, which is principally
located in the Z-line, has been shown to
induce Mg++ ATPase activity in actomyo-
sin by Arakawa et al. (1970) and Briskey
et al.’(1967), but since degradation of the
Z-line and release of oc-actinin continues
after completion of rigor mortis, one
would expect the Mg++ ATPase to in-
crease accord_ln%_lg. As this does not oc-
cur, the possibility that cc-actinin release
is responsible for "the increase in ATPase
activity  during H?OI’ seems unlikely.
There "does appear fo be a close associa-
tion between the content of actin in
actomyosin and increased Mg++ ATPase.
Fujimaki et al. (1965a) have shown an
increase in actin content to occur durlngi
rigor mortis while observing a paralle
increase in Mg++ ATPase activity during
the same period. This has been corrobo-
rated by Herring et al. (1969a) who, in
addition, were unsuccessful in demon-

D
I .
‘J“l-i-

U L- IM

Fig. 3—Sedimentation patterns of natural actomyosin isolated from chicken breast and leg muscle.
AH samples were run at 40,000 rpm and a protein concentration of 5.0 mg/ml. Photographs were
taken on Polaroid Land Roll Film Black and White 3,000 ASA, approximately 30 min after
reaching operating speed. Photographs A, B, Cand D are breast muscle extracts at 30 min, 3 hr, 24
hr and 7 day post-mortem. Photographs E, F, G and H are leg muscle extracts at 30 min, 3 hr, 24

hrand 7 day post-mortem.



strating a relationship between Mg++
ATPase activity and degree of tender-
ness. These workers develop strong argu-
ments that the actin appears to be a
major factor influencing the Mg++ ATPase
activity in actomyosin. It has already
been observed that an increased content

of actin in actomyosin brings about an
increase in reduced viscosity (Weber,
1950). In our results it is notable how

closely the observed changes in Mg++
ATPase activity parallel the changes in
reduced viscosity in both leg and breast
actomyosin. Haga et al. (1965) also
demonstrated this close relationship be-
tween Mg++ ATPase activities and re-
duced viscosities in their studies of the
extraction of actomyosin with Weber-
Edsall solution. Despite these arguments
in favor of a close relationship between
the content of actin in actomyosin and
Mg++ ATPase activity, our findings can-
not be totally reconciled with those of
Perry and Leadbetter (1964) who showed
that the heavy meromyosin-actin com-
plex treated with phenylmercuric acetate
to destroy the actin structure, can still
be activated with Mg++, even though
their viscosimetric measurements showed
dissociation of the complex.

Sulfhydryl analysis

One of the most interesting features of
the sulfhydryl analyses is the pronounced
increase in SH groups during development
of rigor mortis in breast muscle. Since
Ca++ ATPase activity is reduced at the
same period of aging, one can suggest that
a positive relationship exists between the
exposure of SH groups and the reduction
of Ca++ ATPase activity. Although this
phenomenon has not been previously
described, a reversal of this situation has
been observed. Kielley and Bradley (1956)
have shown that blocking of the SH
groups with the sulfhydryl reagents,
p-mercuribenzoate, or N-ethylmaleimide
results in an increase in Ca++ ATPase
activity. Recently Seidel (1969) accom-
plished a specific blocking of the rapidly
reacting sulfhydryls of heavy meromyosin
with DTNB; this modification resulted in
a marked increase in Ca++ ATPase activ-
ity. It seems clear then, that the exposure
of the sulfhydryls during rigor mortis in
breast muscle is accompanied by a con-
formational change or some other subtle
alteration which results in the observed
reduction in Ca++ ATPase activity.

Though no losses of SH groups or
conversion to disulfides were observed
throughout the aging of chicken breast or
leg muscle actomyosin, reductions in SH
groups concomitant with an increase in
disulfides have been reported by Buttkus
(1970) for trout and rabbit myosins. It is
feasible that actin may exert a protective
masking effect over the SH groups of
myosin preventing oxidation. Alternative-
ly, chicken myosin may be unique in its

ability to preserve its SH groups. Wu and
Sayre (1971) have observed no reduction
in the numbers of SH groups of red and
white chicken muscle following aging for
24 hr.

Reduced viscosity

The changes in reduced viscosity of
actomyosin in relation to Mg++ ATPase
activity have already been discussed. A
further explanation has been proposed by
Herring et al. (1969b) and Fujimaki et al.
(1965b), who suggest that rigor mortis
causes a greater degree of asymmetry or
higher axial ratio of the actomyosin
particles. This infers that rigor mortis
brings about a lesser degree of side-by-
side aggregation or alternatively the oc-
currence of an end-to-end association of
the actomyosin particles. The first sugges-
tion is not compatible with our ultracen-
trifugal findings, as reduced S values were
not observed during rigor. Furthermore,
the suggestion of Herring et al. (1969b)
that increases in the amount of gel
component are associated with the viscos-
ity changes is not corroborated by our
ultracentrifugal data where the gel com-
ponent continues to increase during aging
rather than showing an increase during
rigor followed by a decrease thereafter. In
view of our findings, caution must be
exercised in interpretations of such data.

The use of viscosity measurements as
an index of tenderness is a debatable
issue. Koonz et al. (1954) and deFremery
and Pool (1960) have shown that chicken
muscle begins to develop tenderness after
6 hr postmortem and the process appears
to be almost complete within 24 hr
according to Stadelman and Wise (1961).
This, to some extent, appears to correlate
with changes observed in our reduced
viscosity studies up to 24 hr. However,
beyond this time, a further decrease in
reduced viscosity occurs and this is appar-
ently not accompanied by a further in-
crease in tenderness. Also, the marked
changes recorded in the shear test deter-
minations of Stadelman and Wise (1961)
are not consistent with the small changes
observed in reduced viscosity measure-
ments. Other factors must be involved
and it is likely that degradation of Z-line,
which follows most closely the develop-
ment of tenderness in a variety of species,
is the chief factor. Observations by Taka-
hashi et al. (1967b) using phase contrast
microscopy have shown that maximum
contraction occurs in chicken myofibrils
after 2 hr. This is followed by a fragmen-
tation which begins to occur at 9 hr and
after 40 hr the myofibrils consist only of
small fragments composed of 1—4 sarco-
meres. Nevertheless, these studies did
show a relaxation in chicken pectoral
muscle which had been prepared in a
similar fashion to our own preparations.
This relaxed state could in turn relate to a
drop in the reduced viscosity.
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Ultracentrifugal analysis

While the results obtained in the
L2-65B schlieren optics are not as precise
or accurate as comparable data from the
more sophisticated model E, certain char-
acteristics in the sedimentation diagrams
can be noted. The most distinguishing
feature of the ultracentrifugal patterns is
peak Ill, clearly seen in photograph D,
Figure 3. Herring et al. (1969b) reported
a similar peak in actomyosin prepared
from tender bovine muscle aged 24 hr
and from tough bovine muscle aged 5
days. His suggestion that the peak may
have represented a dimer of myosin is
compatible with our observation, based
on Mg++ ATPase activities and reduced
viscosities as an index of dissociation,
that breast muscle myosin becomes more
detached from actin after 7 days aging
than from preparations at shorter periods
of storage. Haga et al. (1966) revealed a
peak with a sedimentation coefficient of
11S following Z-line degradation. Their
proposal that this protein was derived
from the Z-line itself does not entirely
agree with our findings since the compo-
nent was noticeably absent in leg prepara-
tions, where Z-line degradation must have
occurred. In astudy of the effect of aging
on myosin derived from chicken breast
and leg muscle, Wu and Sayre (1971)
isolated a protein which they referred to
as the T-component, which had a sedi-
mentation constant of 14.5S. Interest-
ingly enough, this component was absent
in leg muscle and appeared in breast
muscle only after 48 hr aging. Absence of
ATPase activity failed to confirm the
suggestion that it was a dimer of myosin,
but this T-component does correspond
closely to our unknown peak.

In conclusion, the results of this study
indicate that only minor differences exist
between the actomyosins of leg and
breast muscle of young chickens, except
for the reduced Ca++ ATPase activity of
3 hr postmortem breast preparations.
Since leg and breast are totally different

anatomical sites, with differing degrees
of vascularity, one might expect wider
variations in these parameters. In fact,

previous workers have shown marked dif-
ferences in the ATPase activities of myo-
fibrillar proteins of red and white muscle.
Changes in the measured parameters dur-
ing aging parellel results found for other
species, but are not nearly so pronounced.
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THE EFFECTS OF ULTIMATE pH ON OVINE MUSCLE:

INTRODUCTION

WATER-HOLDING CAPACITY (WHC)
has been defined by Hamm (1960) as the
ability of meat to retain its own or added

water during the application of some
external force or treatment. Hamm
(1960) reviewed many of the methods

which have been used to measure WHC,
and the most commonly used was the
press method of Grau et al. (1953) and
Grau and Hamm (1953; 1957). Other
methods reported included the sedimen-
tation method of Mohler and Kiermeier
(1953) and centrifugation methods
(Marsh, 1952; Wierbicki and Deatherage,
1958; Hamm, 1958; Penny et al., 1963;
Miller et al., 1968). Some changes of
hydration were detected by measuring
cooking losses or by measuring weight
losses during storage, freezing, etc. (Sie-
mers and Hanning, 1953; Hamm and
Grau, 1955).

Because of the important influence of
protein charge on the hydration of mus-
cle proteins, the influence of pH on the
WHC of meat has been investigated by
Hamm (1960) who added acid or alkali to
the homogenized meat samples to achieve
the desired pH. WHC was then deter-
mined using the press method. With these
techniques he investigated the effects of
many treatments including aging (Hamm,
1959a), freeze-drying (Hamm and Death-
erage, 1960a) and heating (Hamm and
Deatherage, 1960b). However, these mea-
surements were all on muscle homo-
genates containing added water and
Hamm (1959a) has shown that the
amount of added water could have a
profound influence on the measured
WHC of these muscle homogenates. It has
also been shown (Hamm, 1959b) that the
minimum of the pH-hydration curve of
ground beef muscle was shifted from pH
45 to about 5.5 by increasing the quan-
tity of added water from 20 to 80%. This
apparent effect on the WHC was ex-
plained as due to the decrease in the ionic
strength of the medium surrounding the
muscle proteins.

In the present work some sheep were
injected with adrenaline pre-slaughter to
produce meat with ultimate pH values
covering the range from 5.4—7.0. The
high speed centrifugation method due to
Akroyd, described by Bouton et al
(1971) has been used to investigate the
effects on moisture retention due to

WATER-HOLDING CAPACITY

aging, animal age, fiber contraction state
and heating as well as ultimate pH.

MATERIALS & METHODS

Animals, pre-slaughter and
slaughter procedures

Two groups of Merino wethers were used in
these experiments: a group of 24, aged 1 yr
with a mean liveweight of 31.1 =0.6 kg and a
group of 20, aged 3 yr with a mean liveweight
of 434 09 kg The sheep were penned
individually and fed a ration of chaffed alfalfa
hay and milo, 1:1, for periods of 2 -8 wk until
slaughter.

To produce muscles with a high ultimate
pH, subcutaneous injections of 1:500 adrena-
line (w/v) in a 0.3% solution of ascorbic acid
were administered in two doses. In the younger
sheep the total amount of adrenaline given in
the two doses varied from 0.24 to 1.02 mo/kg
of liveweight. The first dose was given
23.8-19.0 hr before slaughter and the second
1.5-6 hr before. The total amount adminis-
tered to the older sheep varied from 0.31 to
1.06 mg/kg liveweight given 21.6-29.5 hr and
1-6 hr before slaughter.

Several methods were used to produce
muscles with a low ultimate pH. Some control
animals were stunned with a captive-bolt pistol
and some were shot in the head from a
distance, with a 0.22-in. calibre rifle with a
telescopic sight. Other animals were anaesthe-

5 ~—= 3DaysPM
. —«—x- 17 Days PM
[
% 10
»
O
[
w
4
8 05
w

60 65 70
pH of Raw Meat
Fig. | —The effect of ultimate pH on the

expressed juice (EJ) losses, g water/g fat-free

dried meat residue, obtained for raw fresh (3
days postmortem)

and aged (17 days post-

mortem) longissimus dorsi muscles (1-yr-old

sheep).

tized with a rapid intravenous injection of
pentobarbitone sodium BP. The muscle relax-
ant ‘Myanesin’ (B.D.H. Ltd., London) [3-(2-
methylphenoxy) propane—l :Z—diol] was ad-
ministered intravenously to some animals. Such
treatments were carried out while the sheep
were in their normal pens. Adrenaline-treated
sheep were stunned with a captive-bolt pistol
after they had been handled individually about
20mto a slaughter facility.

Animals were bled approximately 1 min
after stunning. The cadavers were dressed and a
semitendinosus (ST), a psoas major (PM) and a
deep pectoral (DP) muscle were removed within
25 min of stunning. The ST and PM muscles
were used for other experiments reported else-
where. The dressed carcasses were placed in a
chiller (O-1°C) 35 min after stunning.

Measurement of pH

pH values were measured directly on raw
and cooked meat at 20°C using a Radiometer
pH meter (Model 29b, Radiometer Inc., Copen-
hagen) with a Phillips probe-type combined
electrode (C64/1). The pH values for the raw
meat were measured after the carcasses had
been hung for 3 days at O-1°C, or after aging
for 17 days at O-1°C. Ten pH readings were
made on each sample and the mean used as a
measure of the pH.

Measurement of WHC

The method used was a further modification
of the Akroyd high speed -centrifugation
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water-holding capacity (WHC), g water/g fat-
free dried meat residue, obtained for raw fresh
(3 days postmortem) and aged (17 days post-
mortem) longissimus dorsi muscles (1-yr-old

sheep).
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method described by Bouton et al. (1971).
Accurately weighed meat samples 3-4g were
centrifuged at 36,000 rpm (100,000G) for 1 hr
in stainless steel tubes using a type 50 rotor in a
Model L Beckman Spinco Preparative Centri-
fuge (Spinco Div. of Beckman Instruments Inc.,
Palo Alto, Calif.). No water was added to the
samples and after centrifuging, the juice ex-
pressed from the meat was decanted off and
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retained. The raw and cooked meat samples
were removed from the tubes with forceps,
carefully dried with paper tissues and then
reweighed to determine liquid loss. The water
contents of the meat samples when raw and
after cooking or centrifuging were determined
by measuring the weight loss produced in
samples of known weight after heating in an

oven at 105°C for 18-24 hr. The water
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contents of the centrifugally expressed juices
were also determined using similar methods.
Fat content was determined on oven dried
samples by the AOAC (1960) method. Four
replicates were centrifuged for each sample and
the coefficient of variation was about 5%, as
previously reported by Bouton et al. (1971).

In an earlier paper by Bouton et al. (1971)
the WHC results were expressed as the fraction
of total water content still retained by the meat
after centrifuging. That definition was con-
sidered to be unsatisfactory when appreciable
quantities of moisture were lost in weep or
drip. Water-holding capacity (WHC) was rede-
fined as the amount of water (g) remaining
bound, to each g of fat-free, dried meat residue,
after centrifuging. The water retained after
cooking (WRC), which was a measure of cook-
ing loss, was expressed as g of water retained by
each g of fat-free, dried meat residue. Similarly
the juice which could be centrifuged from
the cooked meat (EJ) was
expressed as g of water lost per g of fat-free,
dried meat residue. The water left after cooking
and then centrifuging the cooked meat was
defined as residual bound water (RBW) and
was similarly related to fat-free, dried meat
residue.

Muscle samples and treatments

The DP muscle was removed from one side
of the carcass, within 25 min of stunning.
Those from the young animals were allowed to
cold shorten (sarcomere length 1.3-1.5 gm) at
0-1°C while those from the older animals were
immersed in liquid nitrogen and frozen prerigor
within 35 min of death.

The contralateral DP muscles served as
controls and were removed from the carcasses
after storage at O-1°C for 3 days. The muscles
from the younger animals were then studied
immediately after removal from this storage
while those from the older animals were frozen
in liquid nitrogen and stored at -40°C with the
pre-rigor frozen samples, until required. The
muscles removed from frozen storage were cut
into measured lengths and weighed before
thawing at room temperature. After thawing,
the muscles were dried with paper tissues,
reweighed to determine thaw losses and the
lengths remeasured to determine the extent of
thaw rigor contraction.

The control (sarcomere length 2.8-3.0 rim)
and cold-shortened DP muscles (sarcomere
length 1.3-1.5 pm) from the younger animals
were divided into two parts: one was minced
while the other was cooked at 80°C for 1 hr.
Part of the thawed pre- and post-rigor frozen
samples were hand-cut into small pieces of a
few mm square for WHC measurements.

Both longissimus dorsi (LD) muscles were
removed from young and old animals after 3
days storage at O-1°C, and the lumbar sections
were used for WHC measurements. From the
younger animals, one muscle was used imme-
diately after 3 days storage and the other was
vacuum sealed in Cryovac (gas impermeable)
bags and used after aging, at O-1°C, for a
further 14 days. Samples were weighed before
and after to determine ‘weep losses’. Both the
3-day aged and 17-day aged samples were used
for WHC measurements on both raw meat and
on meat cooked at 70°C and 90°C for 1 hr. For
the older animals only the effect of cooking
temperature was investigated and 3-day aged
samples were used. These were examined both
raw and when cooked at 60, 70 and 90°C for 1
hr.

either raw or



Cooking methods

The samples used for cooking were trimmed
of all excess fat and superficial connective
tissue. The cooking methods used have been
described by Bouton et al. (1971).

Statistical methods

Animals of each age group were selected at
random A regression analysis was carried out
on the data of each particular muscle of animals
of the same age group to show the dependence
of all WHC, WRC and EJ measurements on pH,
to estimate the regression coefficients, and to
establish the best fitting lines to the corres-
ponding data. Regression coefficients for the
different age groups were tested for homo-
geneity and analysis of covariance used to test
the significance between adjusted treatment
effects and between adjusted age groups. Re-
ported values represent the mean of 4-6
observations per muscle per animal.

RESULTS & DISCUSSION
Effects of aging

The amount of juice which could be
centrifugally expressed from the raw LD
muscles after 3 and 17 days aging at
0-I1°C is shown in Figure 1. The EJ from
both the 3-day aged and 17-day aged
meat was significantly (P < 0.001) lin-
early related to pH and, when the values
were adjusted to the pH of the nonin-
jected animals (pH 5.6), the values from
the 3-day aged meat were significantly
(P< 0.001) higher than the values ob-
tained for the 17-day aged meat. This
result could be interpreted as indicating
that aging improved the water retention
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cooked meat and the water retained after
cooking (WRC), in g water/g fat-free dried meat
residue, obtained at 3 days postmortem for
longissimus (3-yr-old

cooked at 60, 70 and 90° C for 1 hr.

dorsi muscles sheep),

properties. However such an interpre-
tation makes no allowance for the mois-
ture lost in weep from the samples during
storage. WHC results from the LD shown
in Figure 2 thus represent the moisture
remaining bound to this fat-free meat
residue after centrifuging and/or storage.
These results still show a highly signi-
ficant (P < 0.001) relationship with pH,
but there is no longer any difference in
regression coefficient and no significant
effects attributable to aging. The dif-
ferences found in expressible (EJ) mois-
ture were not significant when the mois-
ture lost in weep from the samples during
storage was taken into account.

The effects of cooking the 3-day and
17-day aged meat at temperatures of 70
and 90°C for 1 hr are illustrated in
Figures 3 and 4. WRC results have a
highly significant (P < 0.001) linear rela-
tionship with pH for both aging periods
and at both temperatures. The samples
cooked at 90°C have significant quadratic
(P < 0.05) regression components for
both aging periods. After adjusting for
the pH effects the 17-day aged samples
have significantly (P < 0.001) greater
cooking losses at both cooking tempera-
tures; however, the amount of moisture
(EJ) which could be centrifuged from
these cooked samples is significantly
(P< 0.001) greater for the 3-day aged
samples. These cooking and centrifuging
losses thus counterbalance each other
with the net results that the RBW results
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although they are dependent (P<0.01)
on pH; the regression lines are shown in
Figures 3 and 4. The increase in cooking
loss with aging was associated with the
increase in tenderness produced by aging
(Bouton et al., 1972). It was thought
likely that it was related to protein
myofibrillar structural changes which pro-
duced the improved tenderness associated
with the aging process.

Effects of cooking

WRC results at all cooking tempera-
tures are significantly linearly related to
pH (P < 0.001). However, for samples
cooked at 90 C the regression of WRC on
pH is significantly improved (P<0.01)
when a quadratic component is included
(see Fig. 5). These results are similar to
the published results of Hamm and
Deatherage (1960b) for the muscle homo-
genates.

EJ results for the samples cooked at
60, 70 and 90°C are shown in Figure 6.
EJ results for samples cooked at 60 C
show no dependence on pH, but for the
samples cooked at the higher tempera-
tures significant (P<0.05) though small
increases in EJ with increases in pH are
noted. Significantly (P < 0.001) more
juice was released from the samples
cooked at 60°C than from the samples
cooked at 70°C. Similarly the samples
cooked at 90°C released less juice than
the samples cooked at lower tempera-
tures.

show no significant effect due to aging, RBW results for all three cooking
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free meat residue, obtained at 3 days post-
mortem for control and cold-shortened deep

pectoral muscles from 1-yr-old sheep.

temperatures show only minor dif-
ferences in value; only the 60°C results
are significantly (P<0.05) greater than
those obtained at 70 and 90°C. All the
results are significantly (P < 0.001) de-
pendent upon pH.

It has been suggested by Hamm (1960)
that is was the amount of moisture
remaining bound to the tissues after
cooking rather than the amount of juice
expressible from the tissues which was
related to the organoleptic assessment of
juiciness. The present results indicate that
both of these suggestions are compatible.
The moisture remaining bound after
cooking is equivalent to our WRC results
and the expressible moisture is equivalent
to the EJ results. The RBW results are
equal to the differences between those

WRC and EJ results, and it has been
shown (Fig. 6) that there is little dif-
ference between the RBW results ob-

tained at 60, 70 and 90°C. High WRC
results are, therefore, accompanied by
high EJ values.

Effects of animal age

The WHC, WRC and RBW values were
all significantly dependent on pH so that
differences due to animal age were deter-
mined on data adjusted to remove those
pH effects using the respective regression
equations. Values were adjusted to the
mean pH of noninjected, control animals.
Animal age had no significant effect on
adjusted WHC values: 2.37 for 1-yr old
and 2.48 for 3-yr old animals with an
effective S.E. of £0.08. Neither the WRC
values, 2.44 and 2.39 (x 0.07), nor the
RBW values, 1.44 and 141 (+0.03) for
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dried meat residue, obtained 3 days postmortem for control and cold-shortened deep pectoral

muscles from 1-yr-old sheep cooked at 80°C for 1 hr shown as a function of the pH of the cooked

meat.

1- and 3-yr-old sheep respectively, of
samples cooked at 70°C were signifi-
cantly different. The WRC values of sam-
ples cooked at 90°C were significantly

lower for the older animals, 1.65 com-
pared with 1.75 (£0.03) and the RBW
values from the older animals signifi-

cantlb/ greater, 1.33 compared with 1.26
(£ 0.02).

The WHC results from the raw control
DP muscles from the 1-yr-old sheep were
significantly (P < 0.001) greater than the
values obtained for the comparable DP
muscles from older sheep. However, the
sample treatments were not identical and
differences could have been accentuated
because of the extra freezing and thawing
treatments received by samples from the
older sheep.

Effect of fiber contraction
state

The WHC of the raw DP muscles from
the younger animals is shown in Figure 7.
The WHC results are significantly
(P < 0.001) greater for the control mus-
cles than for the contracted ones. The
results obtained for the muscles cooked
at 80°C are shown in Figure 8. The WRC
results obtained for the contracted mus-
cles are significantly (P<0.01) lower
than those obtained for the noncon-
tracted muscles. The RBW results for the
contracted muscles are also significantly
lower (P < 0.05) than those obtained for
the control muscles (Fig. 8). WHC, WRC
and RBW results for both the contracted
and control muscles all have a significant
(P < 0.001) linear relationship with pH.

The WHC results obtained from the

thawed raw pre- and post-rigor frozen DP
muscles from 3-yr-old sheep are shown in
Figure 9. The WHC of muscles of both
contraction states are both pH dependent
at the (P< 0.001) level. The WHC values
for the contracted muscles are signifi-
cantly (P < 0.001) less than those ob-
tained for the control muscles.

It is evident that a stretched muscle,
such as the DP (sarcomere length 2.8-3.0
Jim) has higher WHC than its cold-
shortened counterpart (1.3 —1.5 Mm). Part
of the difference in WHC between these
muscles could be due to the contraction

------ - Control
-x— —a- Thaw - Shortened
30
.g
N
3 25
Z
g 20

55 60 65 70
pH of Raw Meat

Fig. 9 —Water-holding (WHC), g
water/g fat-free dried meat residue, as a func-

capacity

tion of ultimate pH obtained for raw control
ind thaw-rigor shortened deep pectoral muscles
mom 3-yr-old sheep.



state of the sarcomere and hence to the
number of water binding sites available.
These differences are less marked once
the muscles have been cooked but this
may be because stretched muscles con-
tract more on cooking than do contracted
muscles.
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THE EFFECTS OF ULTIMATE pH ON OVINE MUSCLE:

INTRODUCTION

MEAT TENDERNESS has been shown to
depend on the contraction state of the
myofibrillar structure (Locker, 1960;
Locker and Hagyard, 1963; Herring et al.,,
1965a, b; 1967b; Marsh and Leet, 1966;
Davey et al., 1967). The contribution
from connective tissue has been shown to
depend on both the content and on the

animal age (Goll et al., 1964a, b; Hill,
1966; Herring et al., 1967a). A further
factor known to influence tenderness

(Hamm, 1960; Deatherage, 1963; Bouton
et al.,, 1971) is the water-holding capacity
(WHC) of the meat proteins. Changes in
WHC have been shown to be closely
related to the pH of the muscle or muscle
homogenate (Hamm, 1958a, b; 1959).
Much of the previous work relating pH to
meat tenderness was reviewed by Bouton
et al. (1971).

Miles and Lawrie (1970) investigated
the relationship between pH and tender-
ness in cooked rabbit muscle. Studying a
range of pH values from 5.4—7.2 ob-

MECHANICAL PROPERTIES

tained by cooking at different times
pre-rigor or by pre-slaughter injections of
adrenaline they found that tenderness, as
assessed with a Volodkewich shear device,
was pH-dependent.

Bouton et al. (1971) used pre-slaugh-
ter injections of adrenaline to produce a
range of ultimate pH values in sheep
muscles and found that tenderness was
closely correlated with ultimate pH.

The present experiments extended the
studies of Bouton et al. (1971). Several
techniques have been used to produce
variations in the structural components of
muscle which affect tenderness. The con-
tribution of connective tissue has been
varied by using two groups of sheep of
different ages. Further differences in ten-
derness have been produced by sampling
muscles in different contraction states
and by aging to produce changes in the
myofibrillar tenderness component with-
out concomitant connective tissue
changes. Tensile measurements of fiber
strength and of adhesion between fibers

were carried out, in addition to compres-
sion/penetrometer and shear measure-
ments, in order to assess the effects of pH
on the structural components.

MATERIALS & METHODS

Animals, pre-slaughter and
slaughter procedures

24 (1-yr-old) and 20 (3-yr-old) Merino sheep
were used. Injections of adrenaline were used to
produce meat with a high pH. The details of
pre-slaughter feeding, adrenaline injections and
slaughter procedures have been described in a
previous paper (Bouton et al.,, 1972).

Measurement of pH

The pH values of both raw and cooked
meats were measured directly on the meat using
a Radiometer pH meter (Model 29b, Radiom-
eter Inc., Copenhagen) with a Phillips probe-
type combined electrode (C64/1). pH determi-
nations were made on raw and cooked meat
samples; 10 pH readings were made on each
sample and the mean used as a measure of the
pH. The pH values referred to in the text were
either ultimate pH values taken at least 3 days

Table 1—Treatments carried out on selected muscles from lamb and sheep carcasses

Time removed

. from carcass
Animal

hr
age

Muscle3 yr <R 72

Biceps femoris 1 2

3 - 2

Semitendinosus 1 1 1

3 1 1

Semi- 1 2

membranosus 3 - 2

Longissimus 1 2

dorsi 3 - 2

Psoas major 1 1 1

3 1 1

Deep pectoral 1 1 1
3 1 ®

“Both muscles used for designated treatments
“One of the two muscles only used for designated treatments

CWB = Warner Bratzler shear force

Pre-rigor
treatment Time after
death the
Frozen muscle was Cooking Mechanical
in used-days temp °C measurementb
liquid
0-lI°C n2 3 17 70 80 90 W-Bc Chd Fe Af
1 1 2 2 2 2 -
- - 1 1 - 2 - 2 2 2 -
1 - 2 2 2
1 - 2 2 - 2 - - -
2 2 1 1 1 1
- - 2 - - 2 1 1 1 1
1 1 2 - 2 2 - 2
- - 1 1 - 2 - 2 2 2
1 - 2 2 2
1 2 2 2
1 2 2 2
1 Frozen at 2 2
-40°C

dCh = Chewiness

‘A = Adhesion

eF = Fiber tensile strength

AFrozen in liguid N2 after removal from carcass
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postmortem or values taken immediately prior
to cooking.

Measurement of sarcomere length

Samples from selected muscles were homog-
enized for 15 sec in cold (0O-1°C) 0.08M KC1
solution in a Ultra-Turrax Type TP18/2 Blender
(Janke and Kunkel KG). The suspension of
myofibrils was examined directly in a phase
contrast miscroscope equipped with an ocular
micrometer. Sarcomere length was determined
as an average on 20-30 myofibrils containing a
minimum of 6 -8 sarcormeres.

Cooking methods

Samples were cooked for 1 hr in polyethyl-
erne bags totally immersed in water baths at the
selected temperatures of 70, 80 or 90°C (*
0.5°C). Weights of samples taken from individ-
ual muscles were approximately equal so that
variations in the time taken for different
sanples to reach bath temperature were negligi-
ble.

Mechanical measurements

The compression method and the version of
the Warner-Bratzler (W-B) shear method used
have been described previously (Bouton et al.,
1971). The tensile testing methods have been
described by Bouton and Harris (1972a, b, c).

Selection and treatment of muscles for
mechanical measurements

Table 1 summarizes the muscles and treat-
ments used. Sample size did not permit all four
mechanical measurements to be made on all
muscles. The carcasses were hung from the
Achilles tendons for 3 days at 0O-1 °C before
the selected muscles were removed. The biceps
fermoris (BF) and longissimus dorsi (LD) mus-
des, which were aged for 17 days, sealed in
evacuated Cryovac bags and stored at O-1°C.
Cooking temperatures up to 80°C for the BF
ad LD muscles and 90°C for the semimembra-
nosus (SM) muscles were selected to accentuate
arny collagen solubility differences in the con-
nective tissue that could have been due to pH.

The deep pectoral (DP) muscles from the
3yr-dd sheep were removed within 30 min of
death and frozen in liquid nitrogen, then stored
at -40°C with its post-rigor frozen control.
These frozen muscles were removed from
-40°C storage when required and thawed at
room temperature (about 22°C). Length
dhanges during thawing were measured and
only those pre-rigor frozen muscles which
contracted by 50% or more when thawed were
wsed

Statistical methods

Animals of each group were selected at
random Regression analysis was carried out on
the data of particular muscles from the animals
in eech group to show the dependence of
selected mechanical measurements on pH, to
estimate the regression coefficients and to
establish the best Fitting lines to the corre-
sponding data. Regression coefficients were
tested for homogeneity, and analysis of covari-
ave wed to test the significance between
adjusted treatment effects and between ad-
justed acge groups. All data represent the mean
of8-10 observations per muscle per animal.

RESULTS & DISCUSSION
Effect of 4)|'|[ on some mecnamcal
properties of the SM muscles
e relationship between the compres-
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of the older group of sheep are negatively
related to pH values and this regression is
highly significant (P < 0.001).

LAty e e
D muscles

Table 2 lists the statistical results
obtained for the changes in compression,
shear and fiber tensile strength of the BF
muscles. The results obtained from the
3-day-aged samples are similar to those
obtained for the SM muscle in that the
compression and fiber tensile strength are
dependent on animal age and the shear

Table 2—Analyses of variance for

compression,

measurements are not. The relationship
between W-B shear values and pH are
linear in the case of the young sheep’s BF
muscles, both 3- and 17-day-aged, and for
the 17-day-aged BF muscles from the
older sheep. However, for the 3-day-aged
BF muscles from the older group of sheep
this relationship between pH and shear
value was curvilinear (Fig. 3 and Table 2).
All measurements on the BF muscle,
when adjusted for pH effects, are signifi-
cantly (P< 0.001) affected by aging.
While the effect of pH on the shear
measurements of the aged meat samples is
reduced (Fig. 3) the shear values are still

W-B shear and fiber tensile strength

measurements to show effects of pH, animal age and aging treatments on the BF muscle

Age of
sheep Source of variation d.f.
1yr 3 days P-M Linear regression 1
Residual error 22
17 days P-M Linear regression
Residual error 22
3yr 3 days P-M Linear regression 1
Quadratic regression 1
Residual error 17
3yr 17 days P-M Linear regression 1
Residual error 18
Animal age effect 1
Residual error 41
Aging effect 1
Residual error 42
**P < 0.01

***p < 0.001

Mean squares

Fiber
WAB tensile
Compression shear strength
2.5587*** 3640.41*** 3.7597***
0.0294 68.39 0.0339
1.0812*** 672.78*** 0.0048 N.S.
0.0304 30.53 0.0115
4.5598*** 2084.70*** 6.6504***
-) 392.51** -)
0.0431) 42.37 0.1322)
1.2628*** 538.30*** 0.0054 N.S.
0.0683 34.63 0.0208
5.0100*** 216.30 N.S. 2.3363***
0.0563 75.08 0.0565
2.3494*** 4308.34*** 7.2384***
0.0438 38.45 01222

Table 3 —Analyses of variance for compression measurements on control and cold-shortened PM

muscles and for W-B shear measurements on control and cold-shortened ST muscles to show the

effects of pH, animal age and differences in contraction state

Age of
sheep Source
lyr Control Linear regression
Residual error
1yr Cold-shortened Linear regression
Residual error
3yr Control Linear regression
Residual error
3yr Cold-shortened Linear regression
Residual error
Animal age effect
Residual error
Contraction effect
Residual error
**pP < 0.01

***p < 0.001

Mean squares

PM compression ST shear

d.f. measurement measurement

1 0.9516*** 636.30%**
2?2 0.0181 7.32

1 3.1080*** 7856.60%**
22 0.0240 42.20

1 1.0080%** 441.73%**
18 0.0249 1.87

1 2.5805*** 6988.30%**
18 0.0313 34.83

1 0.2896** 33.78 N.S.
a1 0.0318 25.84

1 0.6979*** 4211.29%**
a2 0.0251 109.45

significantly (P < 0.001) related to pH.
Figure 4 shows that the mechanical
strength of the aged fibers, as evidenced
by the fiber tensile strength measure-
ments, is no longer related to pH. The
aging of meat has been shown by many
authors, including Davey et al. (1967),
Davey and Gilbert (1969), Davey and
Dickson (1970) and Bouton and Harris
(1972b) to reduce fiber tensile strength
without significantly affecting adhesion
between the fibers.

Fiber adhesion measurements on the
LD muscles show that the values for the
older animals are significantly
(P < 0.001) greater than those obtained
for the younger animals. No significant
effect due to aging is found for the
adhesion measurements on either the
young or old animals. The adhesion meas-
urements are highly negatively linearly
related to pH: (P < 0.01) for the younger
and (P < 0.001) for the older sheep.
Similar adhesion measurements on raw
adductor muscles also reveal (P < 0.05)
significant relationships with pH.

Effect of I-jf upon the mechamaal
ro erties of noncontracted an
on racted DP, ST and PM muscles

Miles and Lawrie (1970) have reported
that severe shortening, such as can occur
in thaw-rigor samples, resulted in samples
with high shear values and these were not
offset by the effect of high pH.

In the present work the amount of
cold shortening obtained for the PM and
ST muscles was pH-dependent. This pH-
effect was less marked for the ST mus-
cles: only two muscles contracted by less
than about 40% of the sarcomere length
of their controls. Substantial cold short-
ening in the PM muscles was largely
confined to muscles which had an ulti-
mate pH of less than about 6.2.

Table 3 lists the results of statistical
analyses obtained for the compression
measurements on control PM muscles
(sarcomere lengths 3.0—3.6 jum) and
cold-shortened PM muscles (sarcomere
lengths approximately 1.3—1.5 gm). Sar-
comere lengths of the order achieved with
these cold-shortened muscles are prob-
ably equivalent to the 40% shortening of
Marsh and Leet (1966). The compression
values of both the control and cold-short-
ened muscles are linearly and significantly
(P < 0.001) related to pH. The values for
the older animals are greater (P<0.01)
than those obtained for the younger
animals. The contracted muscles are con-
siderably tougher (P < 0.001) than their
nonshortened controls.

Table 3 lists the statistical results
obtained for shear measurements on nor-
mal (sarcomere length about 2.2 gm) and
cold-shortened (sarcomere length about
1.4 /am) ST muscles. The effects of both
pH and contraction state on the shear
measurements are very significant
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CHARACTERIZATION OF

INTRODUCTION

IONIZING RADIATION affects the pri-
mary and higher order structures of pro-
teins, especially in aqueous solutions. In
the case of myoglobin, peptide bond
cleavage has been the subject of recent
studies (Ho, 1967). In the dose range
contemplated for the “pasteurization” of
fresh meats (50-1 50 Krad), the radiation
effect on the muscle heme pigments,
which is significant from the standpoint
of color, involves the heme prosthetic
chromophore. The oxidation state of the
heme iron and the nature of its “sixth
position” ligand influence the electron
configuration of both the iron and the
entire chromophore, and thus affect the
magnetic and the light-absorbing proper-
ties of the pigment.

Uncertainty regarding the oxidation
state and sixth position ligand of the iron
of the red pigment generated by irradia-
tion of myoglobin arose in the 1950’'s and
continues to persist. Ginger et al. (1955)
and Ginger and Schweigert (1956) ob-
served that irradiation of meat extract
containing a high proportion of metmyo-
globin produced a bright red compound
spectrally indicative of oxymyoglobin,
and similar to oxymyoglobin in its reac-
tions with hydrosulfite, ferricyanide and
cyanide, and carbon monoxide. (In this
paper the prefixes “ferri” and “met” are
used interchangeably. Both denote the +3
oxidation state of the heme iron. “Ferri”
is preferred over “met” and has replaced
it in the official nomenclature.) When the
extract to be irradiated contained a high
proportion of oxymyoglobin the forma-
tion of metmyoglobin and/or a green
oxidized porphyrin  derivative was
favored. Also based upon spectral evi-
dence Tappel (1956) concluded that oxy-
myoglobin is formed by irradiation of
metmyoglobin in meat and in purified
solution. Bernofsky et al. (1959) reported
that, upon irradiation, oxymyoglobin in
partially purified solution is first con-
verted to metmyoglobin which is in-turn
converted by further irradiation to a red
compound. This compound is stable to
still higher doses of irradiation and ap-
pears spectrally similar to oxymyoglobin
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27607
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Raleigh, NC

GEORGE G. GIDDINGSland P. MARKAKIS
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THE RED PIGMENTS PRODUCED

BY IONIZING RADIATION

except for a lower A540/A560 ratio.
Irradiation of recrystallized metmyo-
globin produced the same red pigment.
They also observed that addition of ir-
radiated water to nonirradiated metmyo-
globin solution produced a red pigment
having an absorption spectrum identical
to that of “peroxymetmyoglobin” and
distinct from that of both oxymyoglobin

and the red compound produced by
irradiation of metmyoglobin solutions.
Brown and Akoyunoglou (1964) con-

cluded that absorbance changes in the
visible region suggested that irradiation of
nitrogen-flushed pigment solutions caused
partial oxidation of oxymyoglobins and
converted metmyoglobins to substances
with spectra similar to that of oxymyo-
globins, differing by only a few nm in the
positions of the absorbance maxima. Ho
(1967) similarly removed practically all
oxygen in myoglobin solutions by re-
peated nitrogen flushing and immediate
sealing of the vials before irradiating to
500 Krad. The irradiated metmyoglobin
was converted to ared pigment having an

FROM FERRIMYOGLOBIN

absorption spectrum very similar to that
of oxymyoglobin. Clarke and Richards
(1971) concluded from absorbance spec-
tral peaks at 411, 542, 582 and 620 nm
that the iron of metmyoglobin, myo-
globin, or a mixture of oxy- and metmyo-
globin irradiated in either oxygen, air, or
nitrogen atmosphere was in the ferric
(+3) oxidation state, but that the normal
metmyoglobin structure was destroyed.
They concluded that the 411 nm Soret
peak ruled out oxymyoglobin and that
the 620 nm band was “a result of the
irradiation.” Satterlee et al. (1971) re-
ported that irradiation of metmyoglobin
in meat and in several differing states of
purity converted it to a red pigment that
is similar to but not identical with oxy-
myoglobin because of its Soret peak at
412 nm. They speculated that the red
pigment might be formed by the addition
of a small molecule to the heme iron
followed by reduction of the heme iron
from the ferric to the ferrous state. They
noted that the red pigment formation was
greatest in a nitrogen atmosphere, was

e
H
]
1

Fig.
Curve A; treated with

water. Curve D.

1—Absorbance spectra of oxygen containing ferrimyoglobin solution which was:
0 2, Curve B; treated with 40 Krad, Curve C; treated with

untreated,
irradiated

Volume 37 (1972)-JOURNAL OF FOOD SCIENCE-36'1



362-JOURNAL OF FOOD SCIENCE-Volume 37 (1972)

slightly inhibited in air, and was greatly
inhibited in an oxygen atmosphere, im-
plying that differences due to atmosphere
were quantitative only.

In a related development a number of
investigators have been studying the inter-
action of hemoproteins with hydrogen
peroxide. George (1952) revived a long-
overlooked theory according to which the
products of the interaction of ferri-
catalase, ferriperoxidase, ferrihemoglobin
and ferrimyoglobin with H202 have a
ferryl, (+4), oxidation state. The simple
higher oxidation state theory was at
variance with the then accepted hemo-
protein-peroxide, enzyme-substrate com-
plex model advanced by Chance (1951)
and others. George and Irvine (1955,
1959) subsequently demonstrated the
ferryl structure. King and Winfield
(1963), using a combination of electron
spin resonance, manometric and low tem-
perature spectrokinetic techniques pro-
vided further evidence for the quadri-
valent heme iron resulting from the
metmyoglobin—H202 reaction. Addi-
tional confirmation of the ferryl structure
was presented by Peisach et al. (1968),
who described the ferrylmyoglobin iron
as having four 3d valence electrons and an
effective spin of 1, complexed to an
oxygen atom, in agreement with the
structure proposed by George and Irvine
(1955). More recent support for the
ferryl hemoprotein structure was pre-
sented by Mochan and Nicholls (1971),
Coulson et al. (1971), and by Dolphin et
al. (1971). Ferricytochrome c¢ has also
been shown to react with H20 2, thereby
catalyzing the peroxidatic oxidation of
ferrocytochrome c¢ (Mochan and Degn,

1969; Davison and Hulett, 1971).

Hydrogen peroxide is one of the two
known molecular products of water
radiolysis (H2 being the other) and its
production is enhanced by the presence
of oxygen in the irradiated aqueous
medium, being minimal in the absence of
oxygen. This suggests that irradiation of
oxygen containing metmyoglobin solu-
tions gives rise to ferrylmyoglobin via the
reaction with radiation-generated H20 2.

Another development related to the
irradiation of metmyoglobin is the
demonstration of the reduction of heme
proteins by solvated electrons resulting
from water radiolysis. Three of the more
recent reports on this subject are by
Pecht and Faraggi (1971), Land and
Swallow (1971) and Wilting et al. (1971).
The absence of oxygen, an effective
scavenger of hydrated electrons, favors
reduction reactions and generally estab-
lishes a reducing environment in irra-
diated media. Therefore it is reasonable
to expect metmyoglobin to be reduced to
the ferrous state when oxygen is at low
concentration or absent, and to be fur-
ther oxidized to the ferryl state in the
presence of substantial oxygen. The evi-
dence presented in this paper demon-
strates that this is, in fact, the case.

MATERIALS & METHODS
My’o\ﬁlobin
. Myoglobin was prEPared from the semiten-
dinosis "muscle of USDA Commercial beef

rounds. Partially purified oxymxoglobln_(prepa-

ration A) was prepared by omoqenlzmq X
rams of %round lean beef with 3x ml of chifled
5% saturated (NH,)2 SO, solution. After

centrifuging, the red ‘supernatant was exhaus-
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Fig. 2—Absorbance spectra of oxygenated, 40 Krad irradiated ferrimyoglobin solution which was:

untreated. Curve A, treated with ferricyanide.

treated with hydrosulfite. Curve D.

Curve B; treated with ferrocyanide, Curve C;

tiveIdeiaI zed agains

| n %old ﬂeionized water and
final z)a/g inst 0. _lMS p

t

phosphate buffer, pH 7.0.

The 0xymyoglobin solution was then vacuum-

filtered, A hlghl}/ HUI’I led metmyoglobin Prepa—
atjon B) was m? ccgrd ng to

ration (prepa
the proE%dLPre of Hardman et ?1966

Reagents _

Hydrogen peroxide was 30% Baker analyzed
re,?gent grade, used either full strength or
dilited to" 1%. o
_Sodium hydrosulfite (dithionite) was Mal-
linckrodt reagent grade, added to Solutions as
the dr¥ gowder. . _

Potassium  ferricyanide and ferrocyanide,
Baker analyzed reagent grade, were added to
solutjons, bioth as ary crystals and In agueous
solution form.

Gamma irradiation

A 30,000 curie Colfalt-60 res_?arch irradiator
was emplayed. Samples prechilled at 0-3°C
were positioned In_the isotropic center of the
source annulus during exposure at a dose rate
of apprommateI% 1 Mraa/hr. Anoxic solutions
were _H,re ared by alternately evacuating and
backfilling with_high ?_urlty nitrogen gas several
times Hnor to, irrdajation “under vacuum. OXxy-
enated solutions had oxygen bubbled info

em for several minutes Fnor to_ Irradiatiqn.
Otherwise solutions were In_equilibrium with
the atmosphere prior to Irradiation.
Spectrophotometry _ _

A Bausch & Lomb Spectronic 505 recordmg
sPectrthotometer was used to record spectr
from 350-650 nm. F|%ures shown are ofl |nfx,l
recorder tracmgs, photoreduced f?r -
cation. Matchedd 1 cm quartz cells and a
distilled water blank were used. The Soret
Feaks 400-440 nm) were recorded after dilu-
lon of the samples used to obtain the 450-65
nm tracings.

RESULTS & DISCUSSION

FIGURE 1 compares visible and Soret
spectra of (a) untreated, oxygen-contain-
ing metmyoglobin solution with that
which had been treated with (b) H20 2,
(c) 40 Krad of radiation and (d) irra-
diated water which stood at room tem-
perature for 1 hr post-irradiation before
adding 5 ml of it to 25 ml of metmyo-
globin. The Soret peaks at 420-423 nm
are indicative of ferrylmyoglobin as are
the absorption bands in the 550 and
580—590 nm regions (curves B, C and D).
H202, and possibly some molecular
hydrogen, should be the only radiolysis
products in the irradiated water at the
time of addition to the metmyoglobin.
The slightly different pattern of that
spectrum no doubt reflects fine electronic
detail. Clearly, all three treatments re-
sulted in ferrylmyoglobin production via
the metmyoglobin-H20 2 reaction, as
further demonstrated by the following
evidence.

Figure 2 shows the absorption spectra
of (a) oxygenated metmyoglobin solu-
tion exposed to 40 Krad, (b) “a” after
ferricyanide addition, (c) “a” after fer-
rocyanide addition and (d) “a” after
hydrosulfite addition. The same results
were obtained with metmyoglobin soiu-

al.



tion that was merely equilibrated with
the atmosphere. The ferrylmyoglobin
spectrum due to irradiation of oxy-
genated metmyoglobin is virtually un-
changed by post-irradiation addition of
ferricyanide, whereas ferrocyanide addi-
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tion caused an instantaneous reduction
back to metmyoglobin. The ferro-
cyanide/ferricyanide redox couple is ideal
for this type of study in that ferrocyanide
instantaneously reduces quadrivalent

myoglobin to the trivalent (met) state but

GTH, am

Fig. 3—Absorbance spectra of:
exposed to 40 Krad, Curve B; "B"

ricyanide, Curve D.

untreated oxymyoglobin. Curve A; deoxygenated ferrimyoglobin
treated with ferrocyanide. Curve C; "B"

i
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Fig. 4-Absorbance spectra of:
Curve B; "B"

untreated oxymyoglobin.
immediately exposed to an additional 40 Krad, Curve C; "B"

Curve A; "A" exposed to 40 Krad,

exposed to an addi-

tional 40 Krad after dialyzing and oxygenating the solution. Curve D.

treated with fer-

not a lower one, and ferricyanide instan-
taneously oxidizes ferrous myoglobin to
the trivalent (met) state but not a higher
one, thus enabling one to distinguish the
ferryl red pigment from oxymyoglobin
and unequivocally establish the valency
of the heme iron. The red myoglobin
derivative from irradiation of oxygen-
containing metmyoglobin has a quadri-
valent iron. The powerful, general pur-
pose reducing agent, hydrosulfite, reduces
ferrylmyoglobin to purple deoxyferrous
myoglobin via a two equivalent reduction
of the heme iron.

Figure 3 shows the absorption spectra
of (a) oxymyoglobin, (b) deoxygenated
metmyoglobin exposed to 40 Krad,
(c) “b” treated with ferrocyanide and
(d) “b” treated with ferricyanide. When
metmyoglobin solution was depleted of
oxygen and subsequently exposed to 40
Krad of gamma radiation the absorption
spectrum of oxymyoglobin was obtained.
Further evidence that the 6th position
ligand of this radiation-generated pigment
is oxygen was obtained by bubbling
carbon monoxide gas into solutions of
“natural” and radiation-generated oxy-
myoglobin. In both cases the spectra
changed to that of MbCO (not shown). It
is well known that CO readily replaces 0 2
as 6th position ligand of oxyhemo-
proteins. In addition to the spectral evi-
dence regarding the nature of the radia-
tion-generated product the following two
reactions confirm the ferrous state of the
heme after irradiation: ferricyanide in-
stantaneously oxidized the radiation
product to metmyoglobin as shown by
the absorption spectra (curves D), where-
as ferrocyanide caused essentially no
change in the spectrum of the radiation
product (curves C).

There are at least two possible mecha-
nisms for the formation of oxymyoglobin
under the conditions used in this experi-
ment. The more likely one is the reduc-
tion of the heme iron by a reducing
product of water radiolysis, such as the
hydrated electron. This reduction would
be followed by oxygenation with either
residual oxygen remaining in the solution
prior to irradiation, or with oxygen gene-
rated during irradiation. Some reactions
leading to the generation of oxygen by
the radiation are:

«OH +HO02- —~ 02 +H20
HO2- + Fe+3—» H++02 + Fe+2
2HO02

and »H202+02

Another possibility is the capture of
hydrated electrons by oxygen generated
as above to form the superoxide anion

02

which may complex with the trivalent
iron of ferrimyoglobin to form oxymyo-
globin. This possibility is suggested by the
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work of Wittenberg et al. (1970) and
others confirming the theory first pro-
posed by Weiss (1964) that when hemo-
proteins bind oxygen the heme iron
becomes formally ferric by partial trans-
fer of one 3d electron to the liganded
oxygen which then becomes a bound
superoxide anion. Thus if ferrimyoglobin
is in fact able to bind superoxide anion,
then the two suggested mechanisms of
oxymyoglobin formation can be sum-
marized as follows:

MbFe +02
MM DbFe3QrE="MbFe20 2)
MbFe3* + 07

According to an energetics analysis by
George and Stratmann (1954) both pro-
cesses of oxymyoglobin formation would
be about equally exothermic, and there-

fore equally favorable thermodynami-
cally.
Figure 4 depicts the spectra of

(a) oxymyoglobin (preparation A),
(b) “a” exposed to 40 Krad of radiation,
(c) “b” exposed immediately to another
40 Krad of radiation and (d) “b” ex-
posed to another 40 Krad of radiation
after first dialyzing the solution and then
oxygenating it. The oxymyoglobin prepa-
ration was oxidized completely to met-
myoglobin (curve B) by the initial 40
Krad and was immediately reduced back
to oxymyoglobin by the additional 40
Krad (curve C). When the radiation-
generated metmyoglobin solution was
oxygenated prior to the second 40 Krad
of radiation the ferrylmyoglobin spec-
trum (curve D) was obtained. Confirma-

tion for the oxidation states of the
radiation-generated oxymyoglobin and
ferrylmyoglobin was provided by the

ferrocyanide—ferricyanide reactions.

The regeneration of the oxymyoglobin
after radiation-induced oxidation to met-
myoglobin, also reported by Bernofsky et
al. (1959), can be explained by the
depletion of oxygen in the solution
during the initial 40 Krad irradiation,
thus favoring a reduction of the iron
during the second phase of irradiation.
The 620 nm absorption band of the
regenerated oxymyoglobin indicates dis-
ruption of the normal porphyrin resonant
double bond structure as a result of either
oxidation of, or addition of a small
molecule such as H2S (Berzofsky et al.,
1971) to a site on the ring. The dialysis
step in the production of ferrylmyoglobin
from radiation-generated metmyoglobin

was found to be necessary to obtain
complete oxidation to the ferryl state.
Allowing the irradiated solution to stand
for more than a day prior to oxygenation
and further irradiation did not eliminate
the need for dialysis. Also, pH was not
found to be the factor inhibiting com-
plete further oxidation. An interfering
solute or solvent radiolysis product is
therefore suggested.

In summary, it can now be unequi-
vocally stated that there are in fact two
red myoglobin derivatives produced by
gamma irradiation of ferrimyoglobin solu-
tions under the conditions usually em-
ployed in such work. When solutions are
anoxic prior to irradiation a reductive
oxygenation to oxymyoglobin takes place
(as suggested by earlier work), and in
oxygen-containing solutions ferrylmyo-
globin is generated. This is consistent
with our observations (unpublished) that
when beefsteaks having an oxidized
(brown) surface color are vacuum pack-
aged and irradiated with a pasteurizing
dose of ionizing radiation, a purple sur-
face color develops indicative of a reduc-
tion of surface ferrimyoglobin. Upon
exposure to the atmosphere this radia-
tion-reduced surface pigment oxygenates,
becoming bright red, whereas prior to
anoxic irradiation the color was brown.
Unlike oxygen-containing ferrimyoglobin
solutions, however, we have not observed
ferrylmyoglobin development on the sur-
face of brown-appearing beefsteaks ex-
posed to irradiation in the presence of
oxygen. This may be because catalase
activity in the meat tissue removes H20 2
as fast as it is produced.

The same results were obtained with
human hemoglobin as are reported herein
for bovine myoglobin.
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INTRODUCTION
SORGHUM GRAIN is the third largest
U.S. cereal crop with more than

400,000,000 hundred weights produced
annually. Over 98% of the grain is used
domestically for livestock feed and ex-
port. Approximately 8—10,000 lines of
sorghum have been collected throughout
the world. The genetic diversity of this
material offers an opportunity to improve
sorghum through breeding programs. Im-
provement in quality of the grain is
promising because many of these grains
have been preferred for human food for
centuries in Asia and Africa (Rooney et
al., 1970).

The pentosan content of cereals has
been thought to have an important role in
the quality of some cereal grains (Pomer-
anz, 1961; Elder et al., 1953; Bechtel and
Meisner, 1954). The only information on
pentosan content of sorghum indicates a
range of 2-3% for several varieties grown
in the 1940's (Edwards and Curtis, 1943).
The varieties were quite similar genetical-
ly. The purpose of the work reported in
this paper was to obtain information on:
(1) the pentosan content of sorghum
grain with large differences in kernel size
and endosperm characteristics; (2) distri-
bution of pentosans in the kernel; (3) re-
lation between pentosan content and
processing properties of the grain; and

(4) the influence of environment on pen-

tosan content.

MATERIALS & METHODS

GRAIN from 31 varieties of ,sorgh,um ESorghum
hicolor L. Moench) used in thjs SUdZ Was
rown under comparable conditions &t the
outh Plains Research and Extension Center,
Texas Agricyltural _Experiment Station, Lub-
hock, TeXas in 1967. The varieties represented
yellow, waxy, sugary and normal endosperm

Table 1—Pentosan contentofsorghum grain

with different endosperm characteristics

Endosperm Pentosan (% DB)  No. of
characteristics mean range varieties
Yellow 376 3.21-557 7
Wexy 217 251-3.03 2
Sugary 384 3.21-4.48 2
Corneous 351 3.21-4.01 6
Floury 356 2.87-4.87 1
Normial and 340 28 -4.1 7

Intermediate
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types. To study the influence of environment
on pentosan cdntent of sorghum, grain samples
were obtained from four varieties grown on the
Texas_A&M
fion, Texas in 1967 and 1968 and at Lubbock
1967 and 19,6%. Grain from. RS 608 was
obtained from eight Texas locations in 1968.
Lahoratory tests™ were conducted on clean
gNram, free” of glumes and Rroken kernels. Gralg
as ground to"pass through an 0.010-In. slotte
et s v Ton one e ronnd
grapll)n atmd shozfg not %e confused witﬂ flqu
replicates.
The pentosan content of sorghum samples
was %ete?mmeéi rf)y the meﬁmd Ot Fraser eP al.

(1956) . -

Kernels were subjected to the drg milling
technique of Rooney and Sullins (1969). By
this technique, pericar ,_germ, endosperm, a
fine fraction and a ger -rlhfragtlon,.contam-
mlg; ]‘ra%ments of g rm and endosperm, were
obtained, Germ and endosperm fragfments were
separated b){ sodium nitrate flotation to 1pro
}/ilorﬁs relatively pure germ and endosperm frac-

Grain from the sorqhum_vanety, B 398, was
used to determing the location of’pentosans In

the kernel accordmgi to the method ot Johansen
(1940) after kernels were prepared for histo-

University Plantation,” College Sta-

?&rlng)cal studies by the procedure of Sass
Starch content was determined by the meth-
od of Norris and Rooney (1970a). Starch yield
and rpe_rlpheral endosperm content (PEC) Were
gete Ineg b)é a lab rator)é wg mi Iln% Eroce-
ure (Norris and Roone}/, 1970b). Starch recov-
ery was defined as the amount of starch
o?tamed by wet milljng, divided by the amount
of starch j'the sample.” _

The dry_milling fractions, i.e., coarse ?I’ItS
and fine Fgrlts were obtained bé/ a laboratory
method (Rooney and Sullins, 1969).

_Kernel size index (KSI) and hardness deter-
minations wer?_ as described by
Rooneg and Sullins 19708). _

A Beckman Model 930 air pycnometer was
used todetermine the density “of grain from
each variety. _

Protein; lipid and moisture content were
determined bX AACC (1978) procedures.

Unless otherwise stated, all results are ex-
pressed on oven dry-weight basis.

RESULTS & DISCUSSION

Pentosan content of sorghum grain

conducted

The mean and range of pentosan con-
tent for grain from 31 sorghum lines and
varieties are presented in Table 1. The

Table 2—Analysis of variance for pentosan content ofgrain from 31

sorghum varieties with different endosperm characteristics

Sources of variation

Varieties (treatments)
Among endosperm Igiroups
Among varietiesfye
Among varieties/corneous
Among varieties/floury
Among varieties/sugary
Among varieties/waxy
Among varieties/normal

Replication

Error

DL LD

ow endosperm

d.f. M.S.

30 0.74**

0.60**

1.50**

0.17*

0.86**

1.61*

0.27**

0.35%*
1 0.03
30 0.02

[ep) Y Yo p S laopldy ]

Independent and nonindependent comparisons
among selected endosperm groups

Corneous vs. floury
Waxy vs. sugary
Yellow vs. normal
Yellow vs. waxy
Yellow vs. sugary
Normal vs. sugary
Normal vs. waxy
Normal vs. corrieous
Normal vs. floury

*P < 0.05; **P < 0.01

0.01
2.31%*
0.95**
3.04%*
0.02
0.64**
1.20**
0.10*
0.21%*

— S S S s S S s
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Table 3 —Distribution of pentosans within

the sorghum kernel*

Parts of the kernel % Pentosan®
Whole kernel 3.72d
Pericarp 2154®
Endosperm 0.9%
Germ 6.17¢
Fine fraction 11.16b
Recovery 87.73

ht hasis

“Expressed on drY wei
“It "the ‘small letters heside the mean are

gtifgle()r%nltévé?e means are significantly different

sorghums were divided into yellow, waxy,
sugary, corneous, floury and normal groups
based upon the endosperm characteristics.
Yellow endosperm type means that the
endosperm contains yellow carotenoid
pigments. Waxy endosperm type means
that the starch is composed of amylopec-
tin rather than the 3:1 amylopectin to
amylose ratio which is usually present in
the starch of nonwaxy sorghums. Sugary
type of sorghum is higher in soluble sugar
content than other sorghums. Endosperm
texture refers to the relative proportion
of corneous to floury endosperm present
in the kernel. Therefore, corneous sor-
ghums are those with all corneous endo-
sperm; while floury texture sorghums are
those with all floury endosperm. Interme-
diate refers to those sorghums with vary-
ing proportions of corneous and floury
endosperm within the kernel. The inter-
mediate texture group of sorghums had
normal endosperm type, i.e., they were
not waxy, yellow or sugary.

An analysis of variance was conducted
and several comparisons were made of
pentosan content of the sorghums with
various endosperm types and textures
(Table 2). The pentosan content of floury
texture sorghums was not different from
that of corneous texture sorghums. The
pentosan content was significantly differ-

Table 4-Pentosan content of the endosperm
fraction and whole grain from nine sorghum

varieties®

Pentosan %b

Sorghum varieties ~ Endosperm  Whole grain

SC 0283-6 (corneous) ~ 0.87* 3.690c
SA 216 (corneous) 1.06" 401"
SA 5875-6-1 (waxy) 0.96" 3.03ef
Tx 403 (normal) 0.82¢ 3.310e
7078 (normal 0.90° 34cd
B 398 (normal) 0.97¢ 3.12b
B 3197 (normal 1.20 3.08ei
SA 394 (normal 0.94* 4.10%
Tx 09 (normal) 0.88“ 2.80f

“Expressed on dry weight basis .

hif the small letters beside the mean are dif-
ferenlt, tr]e means are significantly different at
0.0S level.

ent between the other groups; yet, there
was significant variation among pentosan
content of grain from varieties within
each group.

Distr]ibut'on of pentosans in the
sorghum kernel

The major anatomical portions of
grain from B 398 were separated and
analyzed for pentosan content (Table 3).
The high content of pentosan in the
pericarp and germ compared to the low
quantities in the endosperm indicates that
a major part of the variability in pentosan
content may be explained by variation in
the proportion of pericarp and germ to
endosperm in the kernel. The fines re-
ferred to in Table 3 contained mainly
pericarp and germ which explains its high
pentosan content. The fine fraction was
included to provide recovery data. The
inability to recover all the pentosans is
partially explained by the 2—3% loss of
fines during milling. Histochemical treat-
ment of kernel sections showed clearly
that the pentosans were in the cell walls
which were most predominant in the

Table 7—Mean and range of physical and chemical properties of grain from 31 varieties of

Endosperm No. of Kernel size
characteristics varieties index
Yellow 7 50.3-67.7
Corneous 6 68.5-74.9
Floury 7 63.3-83.0
Sugary 2 60.6-69.1
Waxy 2 61.4-67.4
Normal and I 53.8-70.1

intermediate
Overall mean 3 66.2
Overall range 3l 50.3-83.0

“On an oven dry basis: Protein = N X 6.25

10(\)/\(/)t ke)rnel Depcsci}y TIE%J l\J/\/t
26.6- g9.2 15% 1.36 55.3-6%.1
19.0-28.5 1.31- 140 57.4-63.5
11.6-28.8 1.22-1.36 51.5-59.1
22.4-33.1 1.29- 1.30 53.5-55.5
27.6-34.6 1.32-133 57.1-58.2
24.5-48.7 1.32-1.38 55.8-61.9
9.1 1.3 58.2

11.6-59.2 1.22-1.40 51.5-63.5

Table 5—Mean pentosan content of grain
from four sorghum varieties grown under differ-
ent conditions®

College Station Lubbock
Variety 1967 1968 1967 1968
B 3197 342 339 307 32
TX 09 280 229 280 315
NSA 740 513 438 486 521
SCO 283 - 328 333 3T

“Percent dry weight basis

Table 6 —Analysis of variance for pentosan
content of grain from three sorghum varieties
grown under different conditions

Sources of variation df. MS.
Location 1 0.07*
Year 1 0.09*
Variety 2 1042+
Location x Year 1 0.98**
Location x Variety 2 0.31x*
Year x Variety . 2 0.05*
Location x Variety x Year 2 0.12**
Pooled within error 12 0.01

*P < 0.05: **P < 0.01

pericarp and germ portions of the kernel.
The pentosan content gradually decreases
from the periphery to the center of the
endosperm. Pentosans of the wheat ker-
nel are similarly distributed (Elder et al.,
1953); except that wheat endosperm
(flour) contains 2.9—3.2% pentosan
(Loska and Shellenberger, 1953).

The data on distribution of pentosans
within the kernel strongly indicate that
the proportion of pericarp and germ to
endosperm significantly influences pento-
san content. To substantiate this, grain
from nine varieties of sorghum which
differed in pentosan content and proc-
essing properties was milled into grits
which were degermmed, debranned ker-
nels and therefore, were representative of
the endosperm of each variety. Pentosan

sorghum according to endosperm characteristics

Protein“ L|E|da Starch'

Hardness % % %
16.4-29.6 114 27 69.7
14.0 37 75.9

17.9-63.8 13.8 28 65.1
178 41 705

0.1-30.8 12.6 33 62.3
14.6 42 675

5.0-29.1 147 52 60.9
17.3 54 64.1

4.3-4.35 13.3 34 68.8
157 37 72.6

1.2-44.1 124 32 68.1
15.6 42 714

19.8 140 37 68.8
0.1-63.8 114 27 60.9
178 54 75.9
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Table 8-Mean and range of dry milling and wet milling properties of grain from 31 varieties ofsorghum according to endosperm characteristicsa

o Coarse & Starch Starch Starch
Endosperm No. of Coarse grits Fine grits fine /quts yield recovery protein PEC
characteristics varieties % % % % % % %
Yellow 1 49.0-59.5 15.1-26.0 67.1-76.2 47.1-54.6 66.2-75.1 0.8-15 0.6-1.5
Corneous 6 43.6-79.3 4.1-33.5 74.7-83.2 415-49.3 59.9-70.0 1.7-2.6 1.8-2.9
Floury ! 01 558 17.3-58.5 31.0-73.0 46.9-53.6 71.9-83.9 14-21 0.3-14
Sugary 2 314 740 5.9-29.3 66.7-79.8 21.3-30.8 35.0-48.1 1.8-2.1 0.5-14
2 35.1-38.5 32.5-39.9 71.0-75.0 43.8-49.7 63.7-68.5 1.1-15 1.3-2.4
No{mglrr%ne%mte I 19.0-72.7 6.7-25.2 43.9-79.4 46.0-54.4 66.5-77.6 =EO 0.8-1.9
Qveral| mean A 44.6 233 67.9 485 70.2 16 14
Overall range kil 0.1-79.3 4.1-58.5 31.0-83.2 21.3-54.6 35.0-83.9 0.8-3.0 0.3-2.9
aAll values are expressed on oven dry basis.
content of whole grain and endosperm is Table 9 —Correlation between pentosan content and physical, chemical and processing

compared in Table 4. The endosperm of
the nine varieties did not differ signifi-
cantly in pentosan content which again
indicates that differences in the propor-
tion of pericarp and germ in the kernels
account for the difference in pentosan
content of the whole kernel.

Influence of environment on
pentosan content

Location of production significantly
influences pentosan content. Mean pento-
san content of grain from the hybrid,
RS 608, grown at eight locations in Texas
in 1968 was 3.74, 3.73, 3.52, 3.42, 3.31,
3.28, 3.08 and 3.05%. The grain was
grown in replicated yield trials and the
pentosan content was determined on a
composite sample of grain representing
the field replications at each location.
This range although relatively small was
statistically different and should be typi-
cal of that expected for grain from
commercial sorghum hybrids grown un-
der reasonably good yield conditions. A
greater range would be expected if grain
was grown under conditions where the
proportion of endosperm in the kernel
was reduced.

Another experiment to determine the
influence of location, year of production
and variety on pentosan content of sor-
ghum grain consisted of analyses of grain
from four varieties grown at two loca-
tions for each of two years. The data are
presented in Table 5. The grain from
SCO 283 produced at College Station in
1967 was lost, which caused problems in
statistical analyses. Thus, a series of statis-
tical analyses were performed to evaluate
the data. The analysis of variance for
three varieties analyzed over all locations
and years is presented in Table 6. Pento-
san content was significantly influenced
by variety, location of production and
year of production. The variety X loca-
tion and year X variety interactions were
significant, indicating that relative pento-
san content of the grain from the differ-
ent varieties changed among years and
locations. The significant location X year

properties ofsorghum grain

Correlation hetween Yellow
pentosan content vs.  Overall  endosperm
Number of varieties

studied a 7
Kernel size index -0.19 -0.64
Hardness 0.17 -0.06
Starch content -0.17 -0.34
Starch yield -0.21 -0.59
Starch recovery -0.18 -0.51
Total grits -0.06 -0.88**
Coarse %rlts 0.09 -0.33
Fine grits -0.20 -0.38
PEC -0.11 0.23
Protein of starch 0.22 0.19

*P < 0.05; **P < 0.01

interaction indicates that relative pento-
san content was not consistent at any one
location.

These data indicate that environment
(location of production) and variety in-
fluence pentosan content. This was ex-
pected because environment influences
chemical, physical and processing proper-
ties of sorghum (Norris, 1971; Miller et
al.,, 1964; Campbell and Pickett, 1968).

Relation of pentosan content to
physical, processing and other chemical
properties of sorghum grain

The grain in this study varied widely in
chemical, physical (Table 7) and proc-
essing properties (Table 8). Therefore, it
provided a good opportunity to relate
pentosan content to some of the measure-
ments taken on the grain (Table 9). None
of the measurements was related to pen-
tosan content when all 31 grain samples
were considered. Therefore, the correla-
tions were performed within the varieties
representing each endosperm charac-
teristic. Within the normal endosperm
group, pentosan content was significantly
positively correlated with kernel size in-
dex, hardness and total grit yield. The
positive correlation of kernel size index

Corneous Floury Normal
endosperm endosperm  endosperm
6 7 7
-0.15 -0.22 0.85*
0.01 -0.33 0.88**
-0.59 -0.07 -0.85*
-0.57 0.19 -0.57
-0.37 0.09 -0.40
-0.37 -0.53 0.78*
0.42 -0.40 0.73
-0.56 0.06 -0.56
0.67 -0.39 0.52
0.68 031 0

with pentosan content indicates that vari-
eties with the smaller kernels contained
more pentosan than those with larger
kernels. The smaller kernels have a higher
proportion of pericarp than larger ker-
nels. This might explain the higher pento-
san content. However, the yellow endo-
sperm varieties differ dramatically in
kernel size but it was not significantly
related to pentosan content.

Kernel hardness was positively related
with pentosan content of grain within the
normal endosperm group. Harder kernels
are more resistant to breakage when dry
milled, which is reflected in the signifi-
cant positive correlation between pen-
tosan content and total grits yield. The
negative relation between starch and pen-
tosan content is probably logical because
high pentosan content in grain is prob-
ably related to a higher proportion of
pericarp and germ in the kernel which
would mean a decrease in starch content
since starch is the major component of
the endosperm.

CONCLUSION

PENTOSAN CONTENT is not a useful
index for predicting processing properties
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Pentosan content is influ-
enced by environmental conditions as
well as variety of sorghum grain. The
major factor influencing pentosan con-
tent is the variation in proportion of
pericarp and germ to the endosperm.
Pentosan content of the endosperm is low
and does not significantly vary among
grain from different varieties.
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CHARACTERIZATION OF PENTOSANS IN SORGHUM GRAIN

INTRODUCTION

THE COMPOSITION and properties of
pentosans have been studied in cereal
grains including rice (Cartano and Juli-
ano, 1970), wheat (Perlin, 1951a, b;
Kuendig et al., 1961; Lin and Pomeranz,
1968; Cole, 1967), corn (Wolf et al,
1953) and barley (Preece and Mackenzie,
1952a, b). The pentosans of sorghum
grain have not been characterized; al-
though previous investigations (Karim
and Rooney, 1972) at this laboratory
compared pentosan content and its rela-
tion to physical, chemical and processing
properties of sorghum grain.

The purpose of the work reported here
was to characterize and compare the
water-soluble and alkali-soluble pentosans
from whole kernel, pericarp and endo-
sperm of sorghum grain.

MATERIALS & METHODS

WATER-SOLUBLE and alkali-soluble pento-
sans were extracted from ground pericarp,
endosperm and whole gram of the Sorghum
variety, Martin. The. endlos erm and pericarp
fractions were obtained by the dra/ mrIIrng
fechnique o Roonez and Sullins ([ 69
fractions were grolnd_ to pass through an
10-In. mesh screen in_a Weber Laboratory
hammer mill and were defatted with ﬁetroleum
ether. A 100-g sample was ysed_ for the extrac-
tion of water- soluble and_ alkali-soluble pentqo-
sans from whole rarF and end(?sperm For t
pericarp, a 10-g sample was use

Isolation of loentosans

Water -spluble pentosans were isolafed b

e procedure of Lin and Pomeranz 96
Alkah soluble pentosans were. isolated y
Erocedure of Cartana and Juliano (1970). T
chemes are outlined In Figure 1.

Purification of crude pentosan preparations
Soluble starches were removed from the

vanous Rgntosanan E) S)

ations gthe procedure

|\rA;’ mg of crude

Egntorsnan 0ereatderssol % nlt_l 5%02) Theh Ozgzn'\a/ll
diy buf

}J W% Ilerstemn agterral alpha-amylase

negatrve for pentosanase) | g osphate buffer

Was_ added an the mrxture Incubated for 20 hr

at 70°C. ?/ hat time, the suspension gave a
ne%atrve starch-lodine blye test. The suspénsion

gugtne C\évnrthl a/o ﬁrrchloroacetrc acid rt1oma
e su ernatant wa rayzedOOOQn t distilled
water at 4°C for 48 hr and’lyoph ||ze
Hydrolysis of pentosans

Approximately 40 m? of water- solrirble and
aIkaIr oluble peritosans from the whole grain,
en osperm and errcarB fractions were hydro
|}lrze in seae Iass tu es with 10 ml of 0.1N

The h drol sates
were neutrahzed wrt sma ounts  of
Dowex-2 resin QHCO Tform) and stored at4°C
prior to chromatographic separation.

Identrfrcatron and quantitative analysis
of sugars In the pentosans

drolxsates of water-soluble and al-
karsoluble #e tosans were chromatographed
on Whatma [lJer with _ethyl " ace-
tateg riding; water ﬁ82 ) according “to the
procedure of Kuendg et ‘al. (1961). Xylose
arabrnose lucose and galactose were [oCated
spraying the paper_with an ammoniacal
sr ver n| rate solution. The sugars appeared &
d%hngrown spots against a light-brown back-
Y Quantitative determrnatrons of the su%ars in
th? chromato?nram were made by the phengl-
sylfuric acjd method of Dupois et al. (1956).
The quantity of sugar in the area containing
%Iucose and galactose was determined as %Iucose
ecause éhe two sugars were difficult t a
rate and _galactost was gresent in s
amounts. Glucose was also determined directly
from thT neutralrzed entosan hkhdrolysates
with a glucose-qxidase tech nrtiue acrae and
Armstro? 1968) which permited”the calcula-
tion %f ga actose optent Dy difference.
The “total carbonydrate’ content of the neu-

Table 1—Properties of water-soluble and alkali-soluble pentosans

obtained from various anatomical portions ofsorghum kernel3

Type of Part of Yield Carbohydrate  Proteinh
pentosan kernel % % %
Whole grain 0.90 76.25 10.48
ggﬁﬁ%ﬁe Endospgerm 0.16 69.63 324
Pericarp 0.62 68.72 6.83
- Whole grain 0.42 73.96 1.27
Alkli- Endospgerm 0.09 85.67 374
Pericarp 20.00 76.21 5.22
aDry weight basis
bN X 6.25

tralized Eentosan hydrolysates was %etermrneij
EN gluco by the method of Dubois et a
819 b % protein content (N X 252 was
etermined by the AACC (1970) procedure

RESULTS & DISCUSSION

THE MAJOR pentosan fraction of the
whole kernel and of the endosperm of
sorghum grain was water-soluble. This
made up 0.90% of the whole grain and
0.16% of the endosperm (Table 1). The
alkali-soluble fraction comprised 0.42%
and 0.09% of the whole grain and endo-
sperm, respectively. In contrast, pento-
sans in the pericarp consisted almost
entirely of the alkali-soluble fraction (Ta-
ble 1). The distribution of water-soluble
and alkali-soluble pentosans has been
studied in other cereal grains. The water-
soluble pentosans comprise about 0.50%
of wheat flour (Montgomery and Smith,
1956; Lin and Pomeranz, 1968). One
variety of milled rice contained 0.02%
water-soluble pentosans and 0.10% al-
kali-soluble pentosans (Cartano and Juli-
ano, 1970). Pentosans of wheat bran were
reported to be less soluble in water than
those from wheat endosperm and flour
(Perlin, 1951a).

The carbohydrate content of the vari-
ous pentosan preparations ranged from
68.72—85.67% (Table 1). Protein content
of these preparations varied widely from
1.27% for the alkali-soluble pentosan of
whole grain to 10.48% for the water-solu-
ble pentosan fraction of whole grain. The
composition of pentosan preparations
from sorghum grain is similar to those
obtained from rice and wheat. Cartano
and Juliano (1970) isolated water-soluble
and alkali-soluble pentosans which con-
tained about 80% carbohydrate and
11 —14% protein from milled rice. Cole

Table 2—Rg+ values of sugars constituting
sorghum pentosans lethyl acetate:pyridine:wa-
ter, 8:2:1)

Rgl values3
_ Literature
Sugar Experimental valueb
Galactose 0.82 0.85
Glucose 1.00 1.00
Arabinose 1.94 2.00
Xylose 2.58 2.60

aRgl =ratio of distance traveled by the

sugar to that traveled by glucose.
""From Hough (1962)
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Table 3 —Sugar composition of sorghum pentosans obtained from various parts of the kernela

Type of Part of ,
pentosan kernel Galactose  Glucose  Arabinose  Xylose  Ara/Xyl
Whole grain 9.36 68.73 16.68 5.22 319
soluble Endosperm 498 85.14 6.47 341 1.89
Pericarp 13.67 30.19 3175 18.38 2.05
Alkali- Whole grain 1.60 5542 22.54 14.42 1.56
soluble Endosperm 3.85 73.46 14,53 8.16 178
Pericarp 522 37.16 32.31 25.25 128

aPercent of total separated by paper chromatography

|00g defatted ground grain

Mixing in @ Waring Biendor with 206 ml H,0
(Low speed, 1 hrat 4°C)

Centri#u ation
(1000G 20 min)

Precipitate Supernatant
Starch gelatinization
(Mlxm([l with 500 ml water
and heating, 10 min at 75°C)

Alpha amylasé Qpentosanase
free) treatment

Protein coagulation
(90-95°C, 3.5 min)

Addition of 10g celite, 10
min stirring and centrifuga-
tion (30,000G 30 min)

Extraction with 0.5N NaOH

Precipitate  Supernatant
forllhr discaned E b
Neutralization with glacial oD AYSIS
acetic acid and centr%fuga— (4°C, 4 days)
tion (100(|)G 30 min) 0 o?hilization
- (Yield of water-soluble
Supernatant P(rﬁscclg;haetg pentosans)
Pour into &volumes of
95% EtOH and store over-
night at 4°C
Centrifugation
(1000G 30 min)
Precipitate Supernatant
discarded
Dissolvin% in water and
treatment with TCA (to pH 3)
Centri#u ation
(30,000G 30 min)
Precipitate Supernatant
discarded O
Neutralization with NaOH
and dialysis (4°C, 2 days)
_ LKOFhiIization
(Yield of alkali-soluble pentosans)

Fig. 1—Outline of preparation and purification of water-soluble and
alkali-soluble pentosans from sorghum grain.

Pentose/
Hexose

0.28
0.11
1.28

0.59
029
1.36

(1967) fractionated pentosans from
wheat flour and reported 0-6% nitrogen
in the various fractions.

Paper chromatography was used to
identify galactose, glucose, arabinose and
xylose in the hydrolysates of water-solu-
ble and alkali-soluble pentosans obtained
from the whole kernel, endosperm and
pericarp fractions of sorghum grain (Ta-
ble 2). The presence of these four sugars
in the pentosans of cereal grains has been
reported previously (Bechtel et al., 1954;
Cartano and Juliano, 1970). The presence
of ribose and mannose in barley pento-
sans has been reported (Luchsinger et al,,
1958; Preece and Mackenzie, 1952a); but,
these sugars were absent in our sorghum
pentosans.

Glucose was the predominant sugar
found in sorghum pentosans while galac-
tose was present in smaller amounts
(Table 3). This agrees with the results of
Cartano and Juliano (1970) and Preece
and Mackenzie (1952b) working with
other grains. Pentosan preparations from
endosperm contained more glucose than
those from whole grain and pericarp. This
was reflected in the pentose:hexose ratio
of these preparations. Similar results were
obtained by Preece and Mackenzie
(1952b) working with barley and maize.

Glucose is absent in rice bran pento-

sans (Cartano and Juliano, 1970) and
corn pericarp pentosans (Wolf et al.,
1953). Unlike pentosans from rice bran

and corn pericarp, both water-soluble and
alkali-soluble pentosans from sorghum
pericarp contained significant quantities
of glucose.

Both the water-soluble and alkali-solu-
ble pentosans from sorghum pericarp
contained a higher proportion of xylose
and arabinose than those obtained from
whole grain and endosperm.

Both water-soluble and alkali-soluble
pentosans from various parts of sorghum
grain had the same constituent sugars.
However, water-soluble pentosans con-
tained more arabinose than xylose com-
pared to the alkali-soluble preparation.
Similar results were obtained by Cartano
and Juliano (1970) working with milled
rice.
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QUANTITATIVE DETERMINATION OF THE OLIGOSACCHARIDES IN DEFATTED
SOYBEAN MEAL BY GAS-LIQUID CHROMATOGRAPHY

INTRODUCTION

THE OLIGOSACCHARIDE composition
in soybean meal has been the subject of
many investigations. Either paper chro-
matography, thin layer chromatography,
column chromatography or gel filtration
was employed previously to measure the
relative percentages of the carbohydrates
present (Kawamura, 1967a, b; Hardinge
et al., 1965; De Stéfanis and Ponte, 1968;
Anon., undated). All of these methods
are time-consuming and require some skill
and experience to produce reliable re-
sults.

In the course of our work on soybean
meal, it was necessary to analyze many
samples as quickly as possible. A simple
and rapid gas-liquid chromatographic
method was developed to make it possi-
ble to analyze at least 20 samples/man/8-
hr shift.

MATERIALS & METHODS

Sample preparation

10g defatted soybean meal was diluted to
50 ml'by addlnﬂ 46'ml of deionized water. The
mixture was agitated f?r 15 min with a magnet-
Ic stirrer. Ab of the suspension” was
poured Into a test tube and centnfuqed for 5
min 1na clinical ¢ anue of the
supe[natant was aade Iy with agitation to
2 'ml of a 1.8% barum ydromde solution,

followed by 2 mI of a 2% zmc sulfate solution.
After stan |nr% for 5 m|n the tube was centri-
in. 1 'ml of the supernatant was

0 zed to neay dryness. 1 ml of Tr-Sil *Z’
@5 grceb was ad7 d y tu% adthe d\yla
lon wés completed |n1hrat6 5°C.

Anal SIS | ;

n sis was carried oyt usjng a F&M
Model yg chromaio raﬁlw Theg column
con5|ste tof sta|n ssteel tubing, % In.
|am d with Chromosorb W

/ 0 BI rcﬂ1 condmoned with S|IEI8
Plerce at 20 e c rrier gas was hell
lowing at 30 cmm The ovEn temperature
was set at 150°C and raised after mgecélon to
340°C. The ¢ umn eater voltage was adjusted
to. 90v to brin qthe temperature 10 340°C in 10
min. The injection temperature was 350°C and
the thermo-conductivity detector temBerature
was 350°C. The Injection volume was 10 ja-

RESULTS & DISCUSSION

Extraction procedure

Water extraction at 25 C was com-
pared with hot water, 80% ethanol and
with the method used by Kawamura
(1967a, b): after defatting the sample, he
refluxes it 1 hr in 10 parts of 80% EtOH,
filters, centrifuges the filtrate and adds 10
parts of water to the solids. He stirs for
30 min, filters and washes until negative
anthrone reaction of the washing. The
extracts and washings are combined and

concentrated below 40°C. The variation
in the results was + 5%. Since the cold
water extract yielded slightly higher re-
coveries than the other three and because
it is the quickest, this method of extrac-
tion was adopted. However, it should be
emphasized that this study was concerned
only with fully defatted soybean meal.
Another extraction method may be re-
quired for partially defatted or whole
soybeans.

Lyophilization to complete dryness
was not pursued in order to gain time.
The sample was simply dried to a highly
viscous, syrupy consistency or to a wet
powder in 100-120 min. The small quan-
tity of water left did not affect the
silylation results.

Silylation

The silylation of all the sugars in this
study was considered to be complete
since known concentrations of the pure
species all fit the same standard curve
(Fig. 1). In addition, the data obtained by
this method corresponded very well to
the values reported in the literature. No
decomposition of the trimethylsilyl sug-
ars was observed when working with pure
sugars or mixtures of pure sugars (Fig. 2).
This indicates that the peaks of galactose,
melibiose and manninotriose are real and
do not represent artifacts. Silylation was

12r
11% SUCROSE
10
A
D
8}
[«
3
S 6r
(%]
" 5% SUCROSE
af BASE LINE
+ 3.5% STACHYOSE ADJUSTMENT
2l 2.15 % RAFFINOSE / N
1 1 1 1 1 1 1 J h
0 5 0 15 0 2 o 35 =z

INTEGRATION UNITS

Fig. 1—Standard curve for peak integration.
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Fig. 2—Chromatogram of a known solution of pure sugars (see Table 2).



Table 1—Recovery of added stachyose from
soybean meal

Stachyose Yield
added Total (anhydrous
(30% Hj O) stachyose stachyose)
0 4.6% -
10 mglg 52% 86%
20 m/g 6.0% 100%
50 mg/g 8.2% 103%

found to be a very good method for
volatilizing the soybean oligosaccharides
since the main sugars do not form ano-
mers.

Peak identification

Sucrose, raffinose and stachyose were
identified by comparing retention times
with those of pure sugar solutions. Galac-
tose and glucose were identified by
adding 0.1 g of one of the sugars to 10g of
soybean meal and observing peak coinci-
dence and height increase. Melibiose and
manninotriose were identified by observ-
ing an increase of the peaks when raffi-
nose and stachyose in soybean meal were
hydrolyzed with 10 wunits/g of yeast
invertase for 1 hr at 55 C, pH 5.

Quantitation

The peaks were automatically integrat-
ed with a disk integrator and the areas
compared with those of a standard solu-
tion (Fig. 1).

Although anhydrous sucrose was used
for the standard curve, it was found that
raffinose and stachyose could also be
used (Fig. 1). When known amounts of
stachyose were added to soybean meal,
recoveries of essentially 100% were ob-
tained (Table 1). The water in crystalline
stachyose was determined by an anthrone
test (Vomhof et al.,, 1966). The results of

K

1”" ]
1 z 3 T T—] 6 r 7“--

TIME IN MINUTES

Fig. 3—Chromatogram of soybean meal (see Table II.

|
(

OLIGOSACCHARIDES IN SOYBEAN MEAL-312

Table 2-Quantitation of chromatograms in Figures 2. 3 and 4

Fig. 2

Peak ~ Compound  Atten  Cone %
A Pyridine 1,024
B Galactose - -
C,C2 Glucose - -
D Sucrose 8 il
e,e Melibiose - -
F Raffinose 2 2.15
G, G- Mannino-

triose . -
H Stachyose 2 35

one analysis of a sample obtained from a
local feed store are shown in Figure 3 and
Table 2. A sample from Ralston-Purina
was analyzed 11 times with the following
results (mean percentage *+ deviation): ga-
lactose 1.0 = 0.1; sucrose 8.9 +0.4; raffi-
nose 0.90 +£0.1; and stachyose 4.2 +0.2.
Trace amounts (about 0.1%) of glucose
and manninotriose were found. Although
verbascose has been reported previously
(Kawamura, 1967a, b), no peak eluted
from the column after the stachyose peak
in the samples we analyzed.

Let us compare our results with those
published previously in the literature.
Kawamura (1967a, b) analyzed the de-
fatted cotyledon, the hull and the defatt-
ed hypocotyl of six American varieties
and three Japanese varieties. Our soybean
meal samples could be compared to the
defatted cotyledon, for which Kawamura
gives the following average composition
of six American varieties: sucrose 6.2%,
raffinose 1.4% and stachyose 5.2%.

Our samples showed more sucrose and
less a-galactosides. Unfortunately, we
were not able to analyze reproducibly our
samples by paper chromatography. This

Fig. 3 Fig. 4
Atten  Cone %  Atten Cone %
1,024 - - -
1 0.4
8 o
1 <0l Monosaccharides
8 10 -
8 05
1 1 - -
1 <01 -
1 46 - -

leaves open to question that the peaks
derived from the extract represent only
the sugar indicated. An indirect confirma-
tion of identity of the peaks was found
when the method was used to study the
enzymatic conversion of soybean meal
oligosaccharides: the sucrose peak disap-
pears completely in 45 min when invert-
ase hydrolyzes it; when a mixture of
invertase and a-galactosidase is used, the
oligosaccharides disappear completely
and are quantitatively converted to
monosaccharides. Table 3 shows the re-
sults obtained by hydrolyzing the soy-
bean meal oligosaccharides with a crude
yeast enzyme mixture at a concentration
of 10 units of a-galactosidase and 100
units of invertase/g of soymeal. The
temperature was 55°C and the pH 5.5. A
chromatogram of soybean meal extract
after 75 min is shown in Figure 4. It
shows that the only peaks of any conse-
quence come before 4 min and are
monosaccharides: fructose, galactose and
glucose, not completely separated. We
found the method easy to use. Personnel
could be trained to learn it in 2 days. One
sample could be analyzed in 4 hr. This

1 1 1 1 1 1 1

ne& = -
9 > 0

4 5 3 7 8 9
TIME IN MINUTES

Fig. 4—Chromatogram of converted soybean meal extract.
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Table 3—Hydrolysis of soymeal oligosaccharides with invertase and

a-galactosidase mixture

% Sugar 0 time 15 min
Monosaccharides 0.9 8.0
Sucrose 8.2 0.5
Melibiose 05 1.0
Raffinose 1.0 0.8
Manninotriose Trace 1.0
Stachyose 4.7 31
Total 14.8 14.4

compares with about a week, as estimated
from Kawamura (1967a, b), for paper
chromatography. On a routine basis, we
were able to analyze 20 samples per
manshift. After 1 month of daily use,
averaging 50 samples/wk, we found it
necessary to repack the column, as the
peaks were getting less sharp and the
retention times shorter.

A RAPID METHOD has been developed

)

Time
45 min

11

Together: 15

Trace
0.8
05

13.8

75 min

14
Trace
Trace
Trace
Trace
Trace

14.0

CONCLUSION

to analyze oligosaccharides

meal. One sample can be analyzed in 4 hr
and during an 8-hr shift one man can
analyze 20 samples. The method also can
be used to follow the enzymatic conver-
sion of soybean meal

oligosaccharides.

With a modification in the extraction
procedure, it could probably be used for
whole soybeans.
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AMINO ACID COMPOSITION OF SELECTED POTATO VARIETIES

INTRODUCTION

THE POTATO TUBER is commonly con-
sidered an “energy food” but its value as
a protein source is not fully appreciated.
Although the protein content of the
tuber on a fresh-weight basis is only 2.1%
(Watt and Merrill, 1963), the content on
a dry-weight basis is 10.3% (this study),
close to the 11.8% of wheat flour (Watt
and Merrill, 1963). Furthermore, two
acres of potatoes can supply as much
protein as three to four acres of wheat
(based on yields reported by Wittwer,
1969). The biological value of potato
protein is high. Kofranyi and Jekat
(1965) evaluated the protein of various
foods by establishing the amount from
each food needed to maintain nitrogen
balance in three human subjects and
found that the daily protein requirements
in grams per kilogram body weight
were: whole egg protein 0.50; potato
protein 0.55; and milk protein 0.57. The
same authors also demonstrated that mix-
tures of potatoes with eggs or milk or
beef decreased the total protein require-
ments, e.g., one subject required 0.47g/kg
of either egg or potato protein alone, but
only 0.35g/kg of a mixture made of 65%
potato protein and 35% egg protein.

Because the biological value and the
amino acid composition of a protein are
related, a number of analyses have been
made on the concentration of a number
of amino acids, free or bound as protein,
in potatoes (Slack, 1948; Lyman and
Kuiken, 1949; Hirsch et al.,, 1952; Schu-
phan, 1960; Bontscheff, 1965; Schwerdt-
feger, 1969). In the present study a
quantitative determination of 18 amino
acids was attempted on one potato culti-
var and five clonal selections of particular
interest to the breeding program carried
on in this Institution. The technique used
provides a better estimate than earlier
ones of the sulfur-containing amino acids,
which limit the biological value of potato
protein.

MATERIALS & METHODS

RANDOM SAMPLES, 15 b each, of the
estabhshed potato cuI fivar Russet Burb an
&RB gn ts (Jtal selections #%8 #3
#711-3 were obtaine rom
the Crop and Sorl Science Dept, of Michigan

1Present address: Canada Agriculture Re-
search Station, Lethbridge, Alberta, Canada

State University. All six varieties were grown. in
Montcalm san ¥ loam soil and fertilized with
128 Ib N, 192 P20 5 and 192 Ib K20 er acre In
1969. The tubers harvested were stored at 45
untrI March 1970, They were t en thrnIy slice
? g frozen with dr)y ice and freeze-dried at
atén temperature of 38-80°C n a vacuum
of Iess than 5p.
he freeze- dnead slices . were broken up
passed through an mes sieve to remove Erel
and scar trssue and stored at -18°C. Just
before analysis, ‘small samples were ?round t0
pass an 80 mesh sieve and determinations were
made as follows:

Total solids content

Total solids content was determined by
drg/rng{ in a vacuum oven at 70°C to constanit

Total nitrogen

Total nitrogen. was fgtermrned by the
AOAC (1970) mrcro lﬁjle frhl %rethog The
percent Kiel tl 5 Wwas

Indicated as “percent total rotern

Total amino acid analysis

Freeze-dried sam les, 25 mg each, were
e hed mto 10m ues mI of(irlass redis-

HC1 was ad e an the mixture was

rozen |n a drx ice-ethanal_hath. The am uleg
were then con ected to a high vacuum line an
their contents allowed to “thaw slowly. On
completion of the thawing the ampules were
heat-sealed while still connécted to the vacuum.

The acid hydrolysrs was allowed to proceed in
an oil bathat 110°C for 22 hr in one analysis
and 72 hir in another After hydrol srs Imlo
25M norleucine solution waf d.t0 each
ampule as an Internal standa mdrcatrng trans-
fer losses. The hgdro sate and standard were
evaporated to nedr-dryness under reduced pres-
sure at 55°C. To remove the remaining HCL
from the resique, a few ml water were added
and the solution’ was, evaporated. This proce-
dure Was repeated twice and the final residue

? suspended _in 5 ml 0.06/M citrate-HC|
buffer, pH 2.2. The suspension was centrifyged
and 0.4'ml of the supe natant was analyzed for
amrno a(ird with a B?]c man Model. 120C amjno
acid analyzer. The chromatographic separation
time was 55 min for the short column and 185
min for the long colymn, The resultrng chro
matograms wereg((]uantrfred bR/ comparison w
those™ obtained from a standard amrno acrd
calibration mixture.

Sulfur-containing amino acids

Acid hydrolysis of proterns in the presence
pf large uantr fo carbohydrates results, in
ow analytical values for the sultur-containin
amino acias SSchram et al., 1953). Oxidation 0
Cﬁ/ stine + cysteine to ¢ sterc acld and of me-

thionine t0 methioniné sulfone br{ performic
acig before hydrolysis rivents the loss of these
amino acias (Schram et al., 1954; Lewis, 1966).
Performic acid was prepared_by mixing 1voi of
?0% hydrogen peroxrde witli 9 vor of 8 %
ormic acid and Tetting the mixture stand 1hr

Table | —Tytal amino acid composition ofsix potato varietiesa
Varieties

Std

Amino acids RBh #58  #321-65  #322-6  #709 #7113 Avg dev
Lysine 5.3 5.1 6.6 7.0 6.5 6.1 6.2 0.63
Histidine 2.3 2.4 2.1 2.1 2.3 24 23 014
Arginine 49 49 48 51 49 51 49 012
Aspartic acid 289 290 186 222 233 249 245 403
Threonine 3.6 34 49 4.2 35 3.4 38 0.60
Serine _ 43 40 57 5.0 37 35 44 084
Glutamic acid 159 17.0 132 13.3 169 166 165 177
Proline 3.0 3.0 4.7 38 3.3 4.8 38 082
Glycine 29 2.4 3.6 34 31 25 30 048
Alanine _ 2.3 2.8 3.6 34 3.3 31 31 047
Cysting + Cysteine 1.2 11 15 14 14 11 13 017
Valine 5.8 54 55 59 5.1 6.0 57 023
Methionine 16 18 14 14 17 16 16 0.16
Isoleucine 3.9 3.6 48 4.4 4.3 4.2 42 041
Leucine 4.8 5.0 79 6.8 6.1 5.6 60 117
TKrosrne , 37 34 4.2 3.9 37 34 37 031
P enkllalamne 39 39 5.2 51 47 43 45 057
Tryptophan L7 13 17 16 16 14 15 0.16

“Grants of amino acid per 16 grams of total nitrogen

b Russet Burbank
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10 ml of performic acid, chilled to 0°C, and
600 mg of freeze-dried potatoes were, mixed
and I? at 0°C fgr 16 hr. When oxi aﬂlon wa
complete, ice-cold water, 20 ml, was added an
the ‘mixture was agam reeze -dried. The ox-
dized samgles were Q drolg g with 6N
HCI at 110°C for 22 ran hjected to amino

acid analysis as described for the non-oxidized
samples.

Tryptophan

Tryptophan, which is.destroyed durin
hyd %Fsﬁsp waswgleterrlnmed (,yolorldrHeltr?caf
after (Y 10 \XISI g pronase as described |n
Procedure W by Spies (1

Table 2—Loss of methionine and cystine + cy
samples ofsix potato varieties*

RESULTS & DISCUSSION

THE PER CENT total nitrogen content
on a dry weight basis and as an average of
two determinations together with the
percent total protein (in parenthesis) for
eaeh of the six samples is as fol-
lows: Russet Burbank 1.70 (10.6); #58
1.96 (12.3), #321-65 1.29 (8.1) #322-6
158 (9.9), #709 1.46 (9.1), #711-3 1.90
(11.9) and the average 1.65 (10.3). Re-
sults of the amino acid analysis are
summarized in Table 1. The values for
lysine, arginine, aspartic acid, glutamic

steine contentin unoxidized samples vs. oxidized

Methionine Cystine + Cysteine
Varieties Unoxidized ~ Oxidized  Loss, % Unoxidized ~ Oxidized  Loss, %
gelnes R om B W
#3)1-65 10 14 286 06 15 60.0
#322-6 0.8 14 429 05 14 64.3
#1709 05 17 70.6 04 14 114
#711-3 0.6 16 62.5 04 11 63.6
Average loss, % 52.3 62.2
aGrams of amino acid per 16 grams of total nitrogen
Table 3 —Essential amino acid composition of six potato varieties and whole egg
Milligrams of amino acids per gram of total nitrogen
Varieties Whole
Amino acids (AA) RB*  #58 #321-65 #322-6 #709 #7113  Avg &g
Isoleucine 44 225 300 215 269 263 263 415
Leucine 00 313 494 45 381 350 3 553
Lysine 31 HB6 413 438 406 31 388 403
Total “aromatic” AA 475 456 588 563 525 481 515 627
Phenylalanine 244 22443 23253 23193 2294; 22693 2283; 23653
Tyrosing*5 231)  (212) (263 244) (231) (212 232 262
Total S-cont. AA 15 182 176 176 194 169 179 346
Methionine (100; (113; 288} 2883 (1063 (100; 2923 21493
rglystme + Cysteine (75) (69 88 88 2(85; (69 80 gi;
Threonine 225 213 306 263 1 213 240
Trg{ptophan 106 8l 106 100 100 88 97 100
aline 363 3B M 369 36 35 3H8 454
Total essential AA 2219 2164 2727 2609 2450 2320 2417 3215

“Russet Burbank
“Tyrosine and cystine + cysteine are include

d in amounts not exceeding those provided by

phenylalanine and methionine, respectively. Whole egg data are from FAO/WHO Report (1965).

Table 4 —Protein scores of six potato varieties based on the essential

amino acid pattern of whole egg

Varieties
Amino acid (AA) RB*  #58 #321-65 #322-6 #709 #711-3 Avg
Sulfur cont. AA 73 78 60 62 73 68 69
[soleucine 85 8l 85 81 85 88 85
Leucine 79 84 >100 9% a 8 a
Threonine >100 99 >100 >100 90 93 100
Valine >100 >100 89 >100 >100 >100 >100
All others >100 >100 >100 >100 >100 >100 >100

“Russet Burbank

acid, proline, glycine, alanine, valine, iso-
leucine, leucine, tyrosine and phenylala-
nine are averages obtained from the 22-
and 72-hr hydrolysates. The data for
histidine, threonine and serine are zero
time extrapolation values calculated ac-
cording to Hirs et al. (1954) from the 22-
and 72-hr results. Table 1 also shows that
for each amino acid no values are higher
or lower than the average plus or minus
twice the standard deviation.

The values for methionine and for
cystine + cysteine are based solely on
data obtained by the performic acid
method. An average of 52.3% methionine
and 62.2% of cystine + cysteine was de-
stroyed during acid hydrolysis (Table 2).
The destruction was as high as 70.6% for
the former and 71.4% for the latter acids.
The wide range and the average destruc-
tion of methionine correspond to those
reported by Jennings and Lewis (1969)
for leaf material.

When the nitrogen contained in all the
amino acids, plus the nitrogen of the
ammonia peak, was calculated for each
variety and compared with the corre-
sponding total nitrogen value, it became
apparent that about 20% of the total
nitrogen could not be accounted for. This
undetermined nitrogen probably was in
the form of compounds such as gamma-
aminobutyric acid, pyrrolidone-2-car-
boxylic acid, choline, certain vitamins,
amides, purines, pyrimidines and nitrates.
Protein scores

The essential amino acid (EAA) com-
position of the six potato samples, ex-
pressed in mg of each amino acid per g of
total nitrogen, appears in Table 3, along
with the EAA composition of whole egg,
the protein of which is assumed to have
the highest biological value among all
foods. Tyrosine and cystine + cysteine
were included because of their sparing
action on phenylalanine and methionine,
respectively. The protein scores of these
varieties, calculated according to the
method suggested by the Joint FAO/-
WHO Expert Group (FAO/WHO, 1965),
are presented in Table 4. These protein
scores verified Slack’s (1948) suggestion
that methionine is the limiting amino acid
in potatoes. Tubers of clone #58, which
had the highest score, 78, in sulfur-con-
taining amino acids, might prove valuable
in the breeding program related to this
work. The average protein score for all
varieties, based on the limiting amino
acids, was 69, which is very near the value
of 70 given in the FAO/WHO Report
(1965). For comparison, we cite other
protein scores from the same FAO/WHO
Report: egg 100; cow’'s milk 60; beef
muscle 80; fish 75; oats 70; rice 75; corn
meal 45; wheat flour 50; soy flour 70;
navy beans 42; peas 60; spinach 90; sweet
potato 75; and cassava 40. A comparison
of our results with those in other reports
appears in Table 5.



Table 5—Comparison of the total amino acid composition of potatoes reported by various

authorsa
Lyman
and Hirsch
Slack Kuiken et al.
Amino acids (1948) (1949) (1952)
Lysine 50 52 55
Histidine 17 14 15
Arginine 44 53 50
Aspartic acid - - -
Threonine 37 25 39
Serine - - -
Glutamic acid - - -
Proline - - -
Glycine - - -
Alanine - - -

Cystine + cysteine 17
Valine 48
Methionine 6
Isoleucine 3
Leucine
Tyrosine
Phenylalanine
Tryptophan

1
i gy,
2

5.4
g 1 |
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aGrams of amino acids per 16 grams of total nitrogen

It may be concluded on the basis of
the protein scores we obtained that the
protein of potatoes is of high nutritional
quality. The human feeding studies of
Kofranyi and Jekat (1965) show an even
greater nutritional value than we ob-
tained. This could be due to the differ-
ence between acid orenzyme hydrolysis in
vitro and digestion and absorption in vivo.
Because of its high lysine content, potato
protein appears to be especially valuable
as a supplement for cereal proteins.
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EFFECT OF AMINO ACID SUPPLEMENTATION OF DEHYDRATED POTATO FLAKES
ON PROTEIN NUTRITIVE VALUE FOR HUMAN ADULTS

INTRODUCTION

PLANT PRODUCTS are the primary
source of dietary protein for most hu-
mans throughout the world even though
plant proteins usually are of poorer nutri-
tional value than animal proteins for the
human (Jansen and Howe, 1964). Potato
tubers, although usually of low protein
content, may be an important source of
dietary protein even among some groups
within the United States because of high
consumption (Clark, 1970). Current re-
search on isolation of high protein strains
of potatoes may make potatoes an even
more important source of dietary protein
(Jones, 1969). Examination of the amino
acid proportionality pattern of potato
tuber protein (Orr and Watt, 1957) with
the Rose minimum animo acid require-
ment pattern for young men (Rose,
1957) suggest that the sulfur-containing
amino acids are supplied in lowest
amount in reference to need. Since it has
been demonstrated that lysine is the first
limiting amino acid in wheat, com, triti-
cale, rice, opaque-2 corn, milo and rye,
substitution of a part of diets based on
these cereals with potatoes might result in
improved protein nutriture via the mutual
supplementary effect (Kies, 1972).

In spite of the importance of potato
tubers in the diets of many humans,
controlled laboratory studies on the pro-
tein value of this food for the human
have not been conducted. Animal feeding
studies (rats) indicate the protein nutri-
tive value of potato tubers to be superior
to that ofrice (Chang, 1969).

The objective of the current study was
to determine the first limiting amino acid
in dehydrated potato flakes for mainte-
nance of nitrogen equilibrium (adequate
protein nutriture) in human adults.

PROCEDURE

Experimental plan
The 33-day study consisted of an introduc-
tory 3-day nitrogen ‘depletion, a 5-day nitrogen
adjustment period and 5 experimental periods
0f'5 days each. Thee pen ental Eeno s \vere
arranged at random for each subject to elimi-
nate evanables oftlme and order of presenta-
tion. Thus, order of presentation p] d|etarY
eriods pffere for_each subject The exper
ental an |s |venI in Table 1, ] deolet
rm relimjnary nitrogen depletion
penog ﬁ ger[f mta!< per Su %ect pg rday
otaled 0.68¢ as provided by the basal diet

composed of wheatstarch, fat, mstant coffee
and 'tea, nonprotein bouiflon, and a few low
roein frulté and ve etables 'Purposes of this
erjod included the Introdyction 0f subjects to
heir duties and responsibilities, etermmatmn
of .individual caloric_re uuements for we|%
maintenance and uhhz%tmn of a ve%/ w
mtropen diet to speed the adéustment f sub
Jects 10 the Iater experimental diets

Durmr%; ex erlmental and ad&ustment
enods |trogen Intake was maintained at 5.0g
fsu Ject %y40 N from dehgdrated potato
fIakes from the a%al diet (see
? nP syst matlcal vana [e ?mounts
0 mtro en fro eamm acid sup pements
Urea was used to maintain diets isoniirogenous
at the. 5.0 N mtﬁke level. This level oF total
fest nitrogen intake has been selected In this
laboratory” as a standard in studies designed to
determing the first limiting amino acids In food
protelns for human adults.”|T subjects are not in

uve halance. while recelvm% nanamino acid

upplemented diets, the effecA of amino acid
addltlons are difficult to demonstrate. No
amino acid_ supplements were used durmq the
nitrogen agjustment perlod The purpose of this
peno was to allow the subjects time to adgust
0 both the level and souree of dletar[u pro ein
used In each of the studies. Duri
randoml arran?e expenmental enods the
ollowin ﬁunfée crystall m? L-amino acids
were used individually as supplements: methio-

nme I(1568g/da)8 leucine (0.956g/day), o
pnen alaning (1 96? Z DurmF one expen-
enta period no am no Id pp ements were
given negatlve control) and during one_period,
a com bination of aII three amino, acids wa?
gw&en posmve control). Determination of leve

m of amino acid supplements used was
mae g

companson of the amino acids pro-

otato tuber mtrogen ith

human ally nee as [Iste b)ﬁt eR ?Prow-

sional Recommended Intake Pattern of Essen-

tial Aming Acyds for Young Men (Rose, 1957)
as shown In Table 2.

The three aming acids selected for blO|O%IC&|
testmg as first I|m|tmp amino acid were those
pre Cted as emg first, second and third most
|m|tmg1 on the. basis.of chemical composition.
It would be hlghlr improbable that chemical
and bIO omcal evaluation would differ so dras-
ticall ;{ an ammo acid other than one of the
first Three on the basis of chemical evaluatlon
would be first I|m|tmgi according to hiological
assay. Under such un |kelg circumstances, no
positive response would be achieved by the
gmmo ?uds testep thus eliminating the possi-
ility of false results.

Diets

Caloric intake for each subgect was kept
constant during the experlmen al periods 0
each study at “the level required rwelght
maintenance by varying the intake of sucrose.

Table 1—Experimental plan

No. N intake-

_ of potatob

Period“ days (g N/day)
Depletion 3 0
Adjustment 5 4.0
Expt. 5 4.0
Expt. 2 5 4.0
Expt. 3 5 4.0
Expt. 4 5 4.0
Expt. 5 5 4.0

_ Total
Amino N
acid intaked
supplement® (g N/day)
None 0.8
None 5.0
None 50
L-leucine 5.0
L-phenylalanine 50
L-methionine 5.0
Leu. + Phe. + Met. 5.0

aExpt. periods 1—5randomly arranged for each subject.

~“Dehydrated

“instant” mashed potato flakes

cln amounts needed to supplement cereal so that the total intake
would meet Rose Recommendations of amino acid intake for young

men

Alncludes N provided by basal diet. Urea used to maintain diets
isonitrogenous. The basal diet (per subject per day) consisted of 100g

applesauce,

I00g green beans, I00g tomato juice,

I00g peaches, 100g

pears, 3.5g dry bouillon flakes, 10g dry instant decaffeinated coffee and
varying amounts of butteroil, carbonated beverages and hard candy. A
vitamin supplement provided 5000 IU of Vitamin A (synthetic), 900 1U
of Vitamin D and (in milligrams) thiamine, 2; riboflavin, 2.5; ascorbic

acid, 50; pyridoxine,

1; niacin, 20; Ca pantothenate,

1; and B12,| pg.

Mineral supplements provided the following per subject per day: (in
grams) Ca, 1.00; P, 1.00; Mg, 0.199; Fe, 0.01 5; Cu, 0.002; K, 0.00005;
1,0.00015; Mn, 0.002; and Zn, 0.0009. NaCl was allowed ad libitum .
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Table 2 —Comparison of the essential amino acid composition of

dehydrated potato flakes and the amino acid requirements of young

men

Recommended Percent of minimum

Amino acids intake requirement supplied
Essential  in potato flakes® of amino acidsb by potato flakes
amino acid & AAldg N) (0 AA/day é%
Tryptophan 0.27 0.50 4.0
Threonine 1.08 100 108.0
Isoleucine 0.90 1.40 64.3
Leugine 0.98 2.20 44.5C
Lysine 145 1.60 90.6
ethionine 0.28 2.20 12.1C
(Total-s-). 0.60 (2.02) (29.7)
Phenylalanine 1.00 2.20 45.4C
Valine 1.60 93.7

“Essential amino acid composition determined by auto-analyzer
techniques except for tryptophan. Tryptophan value based on hand-
book value (Orr and Watt, 1957) for potato tubers.

b Rose Provisional Recommended Intake pattern of essential amino

acids for young men (Rose,
minimum requirement figures.

1957). This represents a doubling of

‘Selected for supplementation in this study

so[)t drrnks rNIIIy and butterorl am n}q the
so ects. A few fow pratein fryits and Vegeta-
bles were art of the darly basal dlets. Vrtamrn
and mineral sup emenﬁ were also |n%I ded
The deh drated otato arl](eswerewer ed o

gach sutiject for each of J wrthe%oﬁln% neaks

These were reconstitute
Immediatel [J efore oerng served urified

amino _acid and urea, mixtures were adminis-
tered in water squtrons at the evening and
gn meals. Methods used in the Preparatron
%mrnritratr n of the other ét Items
were asically _the sirme as described in an
earlier paper (Kies et al., 1967).

Laboratory methods

. Evaluation of Frotern nutriture of the sub-
r[ecs Was primari the nitrogen. balance
echnique. Nrtro content of the dehydrated
&otato flakes, ofher dietary Items and excreta
ere_determined according to the boric acid
modification of th del ahl, method rgScaIes
and Harrison, 1920). Creatinine in urine was
analyzed by the method of Foljn 81914)
order to check the accuracy of collections.
Hrrna[g nrAro en and creatining excretiqns were
etermine |a/ on each 24 hr coIIectron and
fecal nifrogen data were obtained from 5 g/
composite “collections for each Individual. D

Table 3 —Vital statistics of subjects*

Subject A&e Height Werdht
No. (Yn (cm) (kg
316 18 180 745
37 Kl 168 66.7
318 20 179 68.6
320 18 179 63.6
kil 20 188 84.0
kYY) 19 183 80.4
33 20 185 835

“All subjects were white Americans, male

tarls are given in an earlrerg er iLrnksereret
Amino acid composition _(except
trg/gtoPhan was determined vra analysis with a
nicon ami é) cld auto-analyzer. Handbook
values were use or estrmatrons of tryptophan
content (Orr and
Statrstrcal ana B/srs of data mcludrng analysis
varrance and Duncan’s utrpe g st
nitrogen Lance data) were F
tatistical Laboratory of the Nebras a Agrrcu
tural Research Statidn, University of Nebraska.

Experrmental subjects
The. seven }/oun% men who volun eered to
be subgects for these studies were all college
students of the University of Nebraska or
Nebraska Wesle}/an University, Su I|ect escrip-
tion data are given in Table’ 3. Alf maintajned
their usual daify activities i re ard to work or
study but repgrted to the etei olism
unit” for meals. Health records of all were
reviewed by a physician of the Student Health
Div. of the Unrversrta/ of Nebraska o ascertain
the desirability and/or safety of their participa-
tion in studies of this type.

Sensory evaluation

A seven member sensor evalugtion team
was used to evaluate reconstituted dehydrated

mashed potatoes to whrch Lmethronrne had
been dded tth% 2.0 and 3.0%
level (dry weight asrs A10 pornt rating scale
was used to evaluate product lavor rn order to
establrsht pracfical u%rter [imit of methig-
nine supplementation from a product payabil-
Ity standpoint.

RESULTS

MEAN NITROGEN balances of each in-
dividual subject as well as collective
means for each experimental period are
shown in Table 4.

Subjects showed increases in nitrogen
retention when methionine was used as a
dietary supplement either singly or in
combination with leucine or phenylala-
nine. Neither phenylalanine or leucine
supplementation resulted in an improve-
ment in nitrogen balance. Mean nitrogen
balances of subjects while receiving the
potato diet alone or plus methionine,
phenylalanine, leucine or a combination
of methionine, phenylalanine and leucine
were —1.18, —0.27, —0.91, —0.83 and
—0.30g nitrogen per day, respectively.

Analysis of variance indicated signifi-
cant difference among supplements at the
1% level. Table of least significant differ-
ences indicates that only methionine is
not significantly different from combined
amino acid supplement at the 5% level.

Mean crude protein digestibility of
potato protein was 78%. No significant
effect of amino acid supplementation on
digestibility was demonstrated.

The results of the current project
suggest that the protein value of dehy-
drated potato flakes in human diets could
be improved by increasing the methionine
content (or total sulfur-containing amino
acid content). To achieve this result,
various theoretical approaches may be
taken. These include genetic selection of
potato tubers having a higher methionine
content from which to manufacture de-
hydrated potato flakes, improved proc-
essing techniques resulting in less destruc-
tion of methionine, addition of purified
methionine in the industrial processing of
dehydrated potato flakes, or education of

Table 4 —Effect of amino acid supplementation on protein value of

potato diets for humans

N balance (g N/day) while receiving potato diet plus

_ No  Combined
Subject  amino  amino
No. acids acids
316 -1.01 -0.12
37 -0.48 -0.27
318 -1.18 -0.75
320 1.44 +0.58
3 -1.50 -0.19
322 -1.87 -1.16
33 -0.79 -0.22
Mean 1.18 -0.30

- . Phenyl-
Methionine  Leucine  alanine
-0.42 -0.73 1.87
-0.13 -1.34 0.45
-1.16 -1.26 1.33
+0.61 -0.13 0.05
+0.27 -0.38 0.49
-1.05 -1.42 1.36
0.00 -0.55 0.79
-0.27 -0.83 0.91
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consumers in useage of desirable food
combinations. The discovery of the
opaque-2 corn mutant in improvement of
the protein value of that cereal for
humans has created interest in genetic
control as a vehicle for improvement of
the nutritional value of other food prod-
ucts (Mertz and Nelson, 1966). Whether
or not this is workable in the case of
potato tubers is questionable and at best
is time consuming. Comparison of hand-
book values of potato tuber methionine
content (Orr and Watt, 1957) with deter-
mined values for dehydrated potato
flakes are quite similar suggesting that
current processing techniques are not
particularly destructive to methionine in
this further processed food. Consumer
education in nutrition is slow and diffi-
cult.

Further processed foods such as dehy-
drated potato flakes are frequently sub-
jected to criticism on the ground that
processing results in nutrient destruction.
By the very fact that they are undergoing
processing in which controlled additions
of ingredients can be made, they offer
ideal médias for nutrient supplementa-
tion, fortification and enrichment. Thus,
further processing of foods can be looked
at as a nutritional enhancer under special
circumstances.

In this project purified L-methionine
was fed at a level equivalent to a 0.37%
supplementation level (dehydrated po-
tato). Results of sensory panel evalua-
tions indicated that methionine supple-

mentation would be feasible up to 1.0%
level (dehydrated potato) without ad-
versely affecting palatability.

Potato tubers and further processed
foods derived from them such as dehy-
drated potato flakes, like many other
cereal/plant products, have a double dis-
advantage as protein resources for the
human. In addition to frequently exhib-
iting limitations in essential amino acid
proportionality patterns in comparison to
human need, plant products tend to
simply have a low protein content. Thus,
it is difficult to overcome low content of
one essential amino acid by feeding ex-
cesses of total protein. If high protein
lines of potatoes are developed, it would
be feasible perhaps to meet human me-
thionine requirement by feeding large
amounts of potato protein. This alterna-
tive is not open with a low protein prod-
uct because of practical limitations on
human consumption. Therefore, another
method for improving the protein value
of potato tubers and products produced
from them such as dehydrated potato
flakes could be achieved by simply in-
creasing the total protein content even
though methionine content per gram
potato protein remained unchanged or
was even slightly lowered.
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PEROXIDASE LOCALIZATION AND LIGNIN FORMATION

INTRODUCTION

THE PRESENCE of sclereids, “grit cells”
or “stone cells” in the pulp of pear fruit
imparts a characteristic texture. Deposi-
tion of large numbers and sizes of these
cell ag%regates has long been known to
lower “the quality of “fruit (Crist and
Batjer, _1931?]. Sclereids may proliferate as
a species characteristic or as a conse-
uence of adverse growing conditions
(Ryugo, 1969% The intractable nature of
sclereids led Crist and Batjer to suggest
they were chemically similar to the lignin
which occurs in wood pulp, Recently,
sclereid tissue has been definitively identi-
fied as lignocellulosic in nature (Ranadive
and Haard, 1972).

_Peroxidase is thought to, be one of the
principal enzymes functioning in the dep-
osition of ‘lignin on vascular tissue
(Brown, 1969; Sle(t;el,_ 1956). While other
enzymes participate in lignin biosynthe-
sis, " evidence points to the peroxjdase
catalyzed reaction as an important site of
control  (Freundenburg, 1966; Siegel,
1957]. Studies of Il?nln formation "in
vascular regions of coleus indicated that
peroxidase was localized in the secondary
and primary cell wall regions where lignin
deposition “occurs (Helper et al, 1970).
Lipetz and Garro (1965), working with
crown gall tissue cultures, observed that
the presence of Ca++ caused release of
wall bound peroxidase and a consequent
decrease in lignin deposition.

Kieffer pears, which contain a large
number of sclereids, were shown to con-
tain more peroxidase than Bartlett fruit
gjrlst and Batjer, 1931)h. More recently

yugo (1969) noted fhat catalase and

éroxidase of Pyrus serotina were concen-
rated in tissué regions where sclereids
developed. o

The above findings have led us to
examine the peroxidasg activity and local-
ization in pear varieties containing wide
differences in stone cell development.

MATERIALS & METHODS

Source of fruit

. Two pear varieties, Bart,lettg ru?_ Commu:
nis, L Bartlett) and an nBer eciric . hybrid
between Pyrus serotina_and P. communis {Rut-
gers University, ExFerlmentaI Variety
0037174,%) were used In these studies, the
latter exhibited s thoms of. Yuzvhad disor-
er” as manifestéd by excessive sclereid devel-

opment and contained relatively low levels of

IN DEVELOPING PEAR FRUIT

free hen%llc substances FR%nadlve and Haard,
1971). This variety will be referred to as
“Yuzuhada fruit,”” Fruit were Follected at
weekly intervals for 7 wk prior to full maturity
during the 1970 growmg %eason. Mature fryit
were harvested at"a Ballaur pressure test of 15
b. Frurt were ripened in a ventilated chamber
maintained at 20°C and 80-90% relative hu-
midity after 4-8 wk storage at 5°C.

Peromg%se |s|olat|on ol e {

A aliquot of pulp was sampled from
four peeled ,ar%] cored #ui . The plﬂPQAIaS sliced
to 1 mm_thickness and vacuum infiltrated with
50 ml isolation medium utilizing a water
asPlrator. The isolation medium contained In-
solubilized polyvmylpy_rrohdone (Palyclar-At,
GAF Corp.r),, 0.75¢;"s0gium maleate, 5 mmoles;
and as variables,”CaCl2, 0-15 mmoles: and
NasP04, 0-15 mmoles in_ 50 ml and was
adjusted to pH 6.0. The infiltrated tissue and
isolation medium were macerated f?r 1 min at
high speed in a Serval Omnimix blender. The
homogenate was passed through “Rapid Flo”
filter ,?ISCS (Johnson & Johnson, Chicago), and
the filtrate was centrifuged for 10 min at
8000 XG. All OPeratlons were performed Ft
4°C. The clear supernatant wa? made to 100 m

\égslgrgg with 0.IM sodium maleate, pH 6.0 and

yed.

Peroxidase assay

Peroxidase (EC 1.11.1.7
metho uticﬁng o-dianis?

was assayed by a
dine )

as "H-donor

PEROXIDASE UNITS

glAnon mous, 1968), Alf]sorbancg change at
60 nm was recorded with a DB-G spectropho-
tometer. The nitial slope GAOD min) “was
calculated from the linear portion of the curve,
One unit_ of peroxidase” acfivity was that
amount of enzyme decomposing”1 Mmole of
H202 per minute at 25°C. Peroxidase activity
was expressed as_units per milligram N In the
sample,assa%ed. Total nitrogen was determined
by amicro Kjeldahl (Umbreit et al., 1964).

Histochemical assay of peroxidase

The localization of peroxidase. in  cross
sectional slices of pulp was,judged histochemi-
calgy t[J]X Incubating tissue in the o-dianisiding
assdy medium or @ water saturated solution of
benzidine contalnm? ?.03% H202. Devel?g)-
ment of color was Yollowed with a binocular
MICroSCope.

Polyacrylamide gel electrophoresis

Peroxidase isozymes were resolved on polxl-
acrylamide gels with Tris-glycine buffer (g

8 acc}?rdm% to Ornsﬁeln a/nd Davis 5196 ?]
EI? Hop oresis was at 4 maltube tor 45 mif.
Soluble™ peroxidase was prepared from pulp
samples as described In  the mater!als ang
methods section. The sedimented. residues. of
homogenates. were re-extract(id with |solat|%n
media contalnln? 0.IM CaCl> to_optain tne
bound enzyme In soluble form. Cel -fre(f ex-
tracts containing peroxidase were dialyzed
a?alnst 100 Volumes of distilled water for 12 hr
at 4°C. Dialyzates were made 40% in sucrose

-

15 0.20 0.25

0.30

CaCI2 in Extraction Media (M)

Fig. 1—Effect of calcium chloride on peroxidase release from pulp
tissue of Bartlett (-==--- 1 and Yuzuhada (—) pear fruit. Results are

average of duplicate experiments.
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Table 1—Soluble peroxidase“ activity of
developing fruit

bgfm Peroxidase activityt*
harvest Bartlett Yuzuhada

21 0.65 0.39

14 081 0.29

7 1.08 0.37

0 118 0.59

aPeroxidase extracted with 0.02SM sodium
maleate and 1.5% w/w Polyclar-At. Results are
an average of duplicate experiments and are
representative of experimental data obtained
during a second growing season.

“AOD @460 nm/min/mg N at 25°C

and a o.2-ml sample (o.1- 0.2 mg Pr _teing Was
a&plled_to the gel. Isozymes werg Indicatéd b
Incubating gels in o-didnisidine assay medium.

RESULTS & DISCUSSION

Extraction of peroxidase

_ The extraction medium containinlg 50-
dium maleate (0.1M, pH 6.0) and Poly-
clar-At (0.75%) ?ave consistent levels of
eroxidase in cell-free extracts prepared
rom ?ear fruit. Pulp extracts from ripe
Bartlett and Yuzuhada fruit contained
similar activity, at 1.02 and 0.88 units per
mg N, respectively. Polyclar-At, a scav-
enger of free phenolic “substances, pre-
vented extensive browning of extracts.

Histochemical analysis

Sections of pulp tissue underwent ex-
tensive darkening when incubated in the
o-dianisidine-H20'2 assay solution or in

Table 2—Total peroxidased of developing
fruit

Days
before Peroxidase activity I*
harvest Bartlett Yuzuhada
35 119 0.62
28 1.28 118
21 0.84 0.82
14 0.89 0.52
T 1.10 0.63
0 118 0.82
“Peroxidase extracted with .025 sodium

maleate, 1.5%

Results are an average of duplicate experiments

and are representative of experimental data

obtained during a second growing season.
bAOD @460 nm/min/mg N at 25°C

benzidine-H20 2. Peroxidase activity ap-
peared to be concentrated in the paren-
chyma cells surrounding grit cells and on
cell walls throughout the pulp. Reaction
was most evident in the core and cortical
areas where grit cells were most abun-
dant. In addition, pellet residues obtained
after extraction and washing with maleate
buffer, contained significant levels of
bound peroxidase when judged by histo-
chemical assay.

Effect of calcium on peroxidase recovery
in cell-free extracts

Increasing the concentration of CaCl2
Pr.esent.durmg tissue maceration and cen-
rifugation facilitated greater release of
Peroxldase in the resulting supernatant
raction. In both pear varieties, enzyme
activity increased with increased Cat+ to
a concentration aPproachlng 0.2M and
declined at higher levels up to 0.3M (Fig.

MTS REABT

Fig. 2—Diagrammatic representation of electrophoretic profiles of
isoperoxidases extracted from Bartlett and Yuzuhada fruit. Similar
patterns observed for "soluble™" and "bound"peroxidase fractions.

Polyclar-At and 0.1 Caclj.

Table 3—Bound peroxidase“ of developini
fruit

D L
be?grse Peroxidase activity
harvest Bartlett Yuzuhada

21 0.19 043
1 0.09 023
I 0.02 0.26
0 0.00 023

“Peroxidase extracted with 0.025M sodium
maleate, 1.5% Polyclar-At and less peroxidase
recovered with medium not containing CacCl,.
Results are an average of duplicate experiments
and are representative of data obtained during i
second growing season.

15A0D (@ 460 nm/min/mg N at 25°C

1). Preliminary studies showed that other
salts, such as MgCI2, were also effective in
this capacity, while increasing the concen-
tration of ‘Na3P04 to 0.2M had little
efficacy in releasing the enzyme from the
|oart|culate fraction. Addition of equimo-
ar CaCl2 to supernatants after separation
from the particulate fraction had no
appreciable ‘influence on the activity of
the preparation. The salt was faulltatm%
release of bound peroxidase and was no
acting by activating the soluble enzyme,
Recently, Whitmore (1971 ) observed” that
Ca(N03)2 elicited release of bound per-
oxidase from wheat coleoptiles.

Changes in soluble and wall-bound
peroxidase with maturation

_The soluble peroxidase activity ob-
tained from developing Bartlett fruit ex-
tracted with maleate buffer F]e_xogenous
Cat++ absent) was consistently higher than
for that from Yuzuhada fruit during the
final 4 wk of maturation (Table 1). Both
varieties showed an overall increase in
actwﬂk/ at maturation. When pulp was
extracted with a medium containing 0.1 M
CaCl2, to obtain a measure of total
extractable peroxidase, the results shown
in Table 2 were obtained. Total peroxi-
dase activity recovered in extracts was
conswtentlY hlghe_r in those obtained
from Bartlett fruit. Estimation of wall
bound-peroxidase was done by subtract-
ing soluble peroxidase from total peroxi-
dase (Table 32. The data shows that a
Eornon of the peroxidase remained
ound to the particulate debris of homog-
enates in Yuzuhada throughout matura-
tion. Although total peroxidase was con-
sistently higher in Bartlett fruit, the
wall-bound “peroxidase was most pro-
nounced in Yuzuhada fruit. Histochemi-
cal analysis of peroxidase was also consis-
tent with the conclusion that wall-bound
pre_romdase was higher in Yuzuhada fruit.

issue residues which were extracted with
media_containing 0.2M CaCl2 exhibited
negligible peroxidase activity by histo-
chemical analysis.



Table 4-Calcium content of maturing pears

b%?gﬁe

Calcium (ppm)a

harvest Bartlett Yuzuhada
41 43 16
A 56 30
2 68 32
2 56 40
1 54 36
7 43 36
0 5 5
. aCalcium was determined b atomic absorp-
tion s ec}rgp otometer on pu g; results are the
average of duplicate experiments.

Gel electrophoresis

The electrophoretic profiles of peroxi-
dase isozymes obtained from Bartlett and
Yuzuhada varieties are shown in Figure 2.
IsozYme patterns did not changie Signifi-
cantly during maturation of fruit and
were” identical for bound and soluble
preparations of peroxidase. The data indi-
cate that peroxidase localization rather
than total content or isozyme distribu-
tion may affect lignin deposition.

Calcium content of pulp
The calcium content of pulp obtained
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from Bartlett and Yuzuhada varieties is
shown in Table 4. The lower calcium
levels in Yuzuhada fruits throughout ear-
ly maturation were consistent” with the
greater extent of wall-bound peroxidase.

The data presented are consistent with
the thesis that mineral nutrition (Catt
and perhalqs other ions) delimits peroxi-
dase localization and accordmgly_ the
control of peroxidase catalyzed lig
deposition in pear fruit.
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THE APPLICATION OF AMINO ACID COMPOSITION TO THE
CHARACTERIZATION OF CITRUS JUICE

INTRODUCTION

THE PROBLEM of determining juice
content or authenticity of citrus-based
products has been of major concern to
citrus processors and governmental agen-
cies for a long time.” Of the numerous
systems proposed and tried over the
years, many have involved the amino
acids in oné form or another. They have
several advantages over other constituents
such as sugiar, acid, or minerals in that
they cannot be cheaply or easily added to
compensate for a diluted product. .

nderwood and Rockland (1953) did
much of the early work on the qualitative
identification and estimation E ockland
and Underwood, 1956) of the citrus
amino acids. Ting and Deszyck (1960)
studied the proportions of proline and
the ninhydrin blue amino acids of Florida
orange juice. Clements and Leland (1962)
made & preliminary survey of the amino

acid composition of six citrus varieties.
Alberola and Primo (1969) made a study
of the gas chromatographic separation_ of
amino acids in orange{ume, fermentation
citric acid and sugar to detect adultera-
tions by changes in the amino acid
pattern. In that paper they also presented
an excellent literature review of citrus
amino acid work. From the same labora-
tory Aranda et al. '(1969f) studjed the
amino acid composition of.

eties of orange juice by thin-layer chro-
matography. "Récently "Elahi and Khan
997_ ) studied the free amino acids of
akistani_citrus_ fruits and made some

quantitative estimations bgt paper chro-
ep

mato?_raph . Lifshitz and
Inves |?ate , /1d ,
fresh Israeli lemon juice. Early work in
this IaboratorY (Vandercook et al., 1963){
indicated that the total amino acids o

lemon {uice.were useful in characterizin%
the authentic products. The purpose o

shitz ak (1971)
the individual amino acids of

Table 1—-Amino acid composition of orange and lemon juices

?2r7ange Jtlnce E_Sesmon Jllnce
samples samples
Meana S.[;. Means S.&.
Aspartic acid 6.5 2.0 16.6 4.6
Asparagine 6.9 17 9.8 25
Serine 49 0.7 9.8 14
Glutamic acid 21 03 53 07
Glutamine 05 01 03 0.2
Proline 44 6 30 5
AIan_lne 3.2 0.6 6.5 1.2
Cystine - - 0.3 0.2
Valine 050 o012 0.7 0.2
Methionine o1z  0.08 0.2 01
Isoleucine 018 007 0.3 01
Leucine 024  0.08 04 01
T?]/rosme _ 033 008 0.2 0.2
Phenylalanine 071 o022 0.8 0.2
7-Aminobutyric acid 17 4 1.2 16
Lysine 1.2 04 04 0.2
istidine 022 0.09 0.2 0.1
Ammonia 15 09 85 35
Arginine 104 31 1.0 0.8
Brix 123 05 - -
Total amino acids (formoly-s 254 059 1.91 0.30
Citric acid-s _ B5 2 815 115
Total phenolicsc 0.694  0.086 0625 0172
aAmino acids reported in mol percentages of the total amino acids

OMeq/100 m
cAbs%rbance at 330 mp of 1:20

dilution with ethanol
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Spanish vari-

this work was to study the composition
of the individual amino acids of commer-
cial citrus juices with the aim of deter-
mining their usefulness in detecting adul-
teration and in estimating juice content.

EXPERIMENTAL

Eqmﬁment

The buffer ﬁ)umping system (Hare, 1966)r
consisted hasically of & %In. X 1oo-ft coll 0
[astic fubing which held the eluting buffers.
he burfers Were forced through the column
with an air pressure of about 55-60 psi. The
buffers passed through a Chromatronix sample
Injection valve (SV-8031) with a 0.25 ml
ample loop _onto a Chr?matrom_x,column
LC-9M-29). For the neutral and acidic aming
acids a 0.9'x 55 cm col%Jmn of Aminex Q-150S
£B|0Rad, Berkeley, Calif.) was used. A 0.9 x
m_column of the same resin was used for the
pasic amino ﬁuds. Both_columns  were wa}er
acketed and heated to 50°C. The flow rae tor
oth columns was 55-58 mifh
effluent was split,_and a portion was samgled
b}j a Technicon Pump [1. The sample, 0.67%
pUffered ninhydrin _solutjon, an
m/dr zing  sulfate (Technlc,?n, 1968) were
ixed In the ﬂjmp manifold and " passed
through a 40-ft coil in the_heating b?th, at 93°C.
Atter”an arr c,oolln? coil, the “solution went
throygh a colorimeter with a 570 mp Filter. The
signal“was_recorded on a Technico smqle ;t)en
recorder. The areas of each peak were estimated
bg trlan%ulanqn and were proportional to
concentrations In the ranges measured.

Buffer system

The buffers used in the neutral .and acidic
column were adapted from the lithium_citrate
system reported by Benson et al. (1967). The
concentrations were as reported (0.3 LI[);
however, the pH of some had to be altered to
Ive safisfactory separations with Citrus juices.
Il bufters weré bmle% t? remoye air and ‘stored
under toluene. The butfer coil was loaded In
reverse order to the elution starting with 75 ml
P 0, 35 ml pH 4.1?, 10 ml pH 3.0, and a
Ingar gradient of 85 ml each ot pH 2.8 and pH
2.6 buffers, The C(ilumn was regenera\ted after
each run with 50 ml 0.3N LIOH,” 75 m EH 6.0
buffer, and 75 ml of the pH 2.6 starting buffer.

The buffer system for the hasic amino acids
SI_\/Ioore et al, 1 58%c0n3|sted of 0.35N sodium
itrate pH 5.28. The column was regenerated
with 0.35N_NaOH and equilibrated with start-
Ing buffer after each run.

Juice samples

13 . California oranq ,
Valencia and navel concentrates and 14 Florida
orange, samples were chosen to cover an entire
season’s production. The lemon r%che concen-
trates covered several seasons and the major

r. The column

e samples with both pure



ng_cesso_rs; they consisted of 13 s,amrPIes from
|f?rn|a, 15~ samples_from Arizona and. 7
éi%. Oranl% and lemon rju,|<:e

samples from Flori
concentrates were diluted with water according

to the manufacturers recommendations to sin-
composition. The juices were_fil-

(t;Ie strent%th
ered with Celite to give a clear serum. The
serum was diluted with equal pﬁrts of the
Internal standard In pH 2.2 bufter, (Some
orange }ume samples "with hqh aminoacid
concentrations had to be diluted further to

keep the peaks on scale.) For internal stand-

arek, taurine was used with the neutral and

acidic amino acids, and ,6-%ua,n|dmo ropionic
mino acids.

acid was used with the basic

v 1D
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Fig. 1—Correlations involving orange juice ami-

no acids (in mol percentages of the total
amino acids).

Sup]glementary analyses
he soluble solids (°Brix) were measured b
refractive index. The acidity was measured b
fitration to gH 8.4 and expressed In meq/10
ml. The total amino acids were estimated_by
formol t|tra\t|on vJVan ercook et %I 1963?}. The
total phenolics were determined by UV a

tion (Vandercook and Rolle, 1963).

RESULTS & DISCUSSION

BY MEANS OF the experimental condi-

tions described above, all of the amino
acids in citrus juices were well resolved.
The peaks were identified by using pure
standards of the amino acids reported in
citrus juices both alone and mixed with
the juice. A set of constants was obtained
for ‘our experimental system relating the
eak areas to amino acid concentration
or_the internal standard and all of the

major amino acids. The standard devia-

tions of replicates were 6—% of the

mean for the a-amino acids and 10% for

proline. _
Table 1 presents the average amino

acid mol percentages and standard devia-

tions for ‘orange and lemon juices, The
averages are exPressed in terms of mol
percentages of the total amino acids for
easier comparisons since the total amino

acid concentrations varied with the sam-

ple. The data are comparable to those
reported by other authors except for the
Israeli lemon juice (Lifshitz and Stepak
1971). The buffer system_they used di
not resolve asparagine or 7-aminobutyric
acid which were reported as threonine
and phenylalanine, respectively. The data
for the soluble solids F°Br|x2) citric acid

total amino acids by formol titration, and

total phenolics are’included for compari-

n.

The varietal effects of lemons on the
amino acids were studied. Three lots of
four lemons each were picked in Nov.
1969 and worked up separately from two
Lisbon and two Eureka lemon trees

sorp-
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grown in Indio, Calif. The samples
Showed no significant differences in any
of the amino acids. In Meyer lemon
concentrate, serine and arginine were
different (P < 0.05). The average mol
percentages for serine were 6.7 and_10.2
and for “arginine were 2.6 and 0.7 for
Meger and ‘regular lemons, respectively.
ince lemons are frequently stored for
several months before processing and
compositional changes have been re-
ported (Sinclair and Eny, 1945; Eaks,
1961; Vandercook et al., 1966), it was
decided to investigate the individual
amino acids during storage. Stored Cali-
fornia coastal lemons, “from another
studAy, were analyzed for_amino acids at
0, 45 and 102" days. There were no
significant (P < 0.053/ changes in any of
the aming acids over the storage period.
Several of the amino acids of Cali-
fornia oranges changed significantly over
the course of the season, The mol per-
centages of serine, asparagine and aspartic
acid decreased for navel orange concen-
trate from December through™ May, and
alanine increased over the same period.
Valencia concentrate showed an increase
in the mol percenta%e of aspartic acid and
asparagine over the period of May
through October. ,
Table 2 shows the effect Of growmg
areas on the composition of lemon an
orange juices. The mol percentage of
aspartic ‘acid was lower in lemons grown
in the coastal areas of California than in
desert or Florida fruit. The proline was
highest in California coastal lemons,
lower in desert lemons and lowest in
Florida lemons. Florida lemons were
higher in ammonia than either California-
coastal or desert fruit. For orange juice
the total amino acids were lower for
Florida than California. Of the individual
amino acids, the mol percentages of
asparagine and serine were lower and
7-aminobutyric acid was higher for Flor-

Table 2—Effect of growing area on the composition of orange and

lemon juices

Oran?e juice (No.

ot samples)
Asparagine
Serine o
7-Aminobutyric acid
Methionine
Histidine
Total amino acids (formol)
Total phenolics

Lemon juice (No.

ofsa_mple_?

Aspartic acl
Proline
Ammonia

*P < 0.05; **P < 0.01

California  Arizona Florida
13 o ¥* 1§'§**
3** *%
]_i** o **
0.17** 0.08**
0.26% 0.18*
3.05%* 2.06**
0.761** 0.620%*
13 5 7
12.5* 194 18.3
35* 29* 24*
8.0 8.0 12.2*
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ida than for California orange concen-
trate.

The compositional differences with
both_season and_growmg area suggested
possible correlations between constitu-
ents. The relationships between total
amino acids (AA) and z-aminobutyric
acid (7-AB), citric acid (CA) and serine
(SER), .and CA and aspartic acid plus
asparagine (ASP-ASN) in orange juice are
quite Interesting. F|%ure 1 shows the
re?ressmn lines and 95% confidence inter-
vals for some of these parameters. (Equa-
tions for the regression line have been
omitted since the data are intended to
show potential applications rather than a
finished juice content equation. Addi-
tional data are currently being gathered
to develop_equations for estimating juice
content.) The mol percentage of 7-AB
would be independent of added sugar,
water, or acid. Thus, a dilution factor
could be estimated b¥ com armg the
measured AA value with that predicted
from --AB. Likewise, the mol percentages
of SER and ASP-ASN are unaffected
sugar, water, or acid and might be used to
estimate a dilution factor.

It should .be_P_omted out that although
there were 5|§.n| icant differences in some
of the constituents between California
and Florida oran?ejuwe the data from all
samples tested fell on the same regression
lines. The same was true for the seasonal
trends noted above. This is fortunate in
regards to estimating juice content since
most of the time the Source or history of
asample is unknown and concentrates are
frequently blended. The_re%ressmns could
possibly ‘provide an adjustment for the
natural sample variations. Thus, a param-
eter might be compared with its corre-
sponding regression value rather than
with its mean value. o

The quantitative determination of the
amino acid composition could be quite

useful in_detecting adulterations with
amino acids. For example, the total
amount of the minor amino acids (valine,
methionine, isoleucine, leucine, cystine,
}]yrosme, phenylalanine, lysine and histi-
ine in lemon“and orangé juice is about
3 mol percent with a range from 2-6%.
The addition of amino acids from a pro-
tein hydrolysate would be readily de-
tected “since the minor amino acids of
citrus comprise @ much larger percentage
of commonly available proteins (s%y,
30%; casein, 43%; cottonseed, 35%). Pa-
Per or thin-layer chromatographic pat-
erns or. spot ‘intensities might indicate
this addition, but quantitative data offer
more reProduubIe and convincing proof
of adulteration than subjective evalua-
tions of chromatograms. The addition of
amino acid mixtures which approximated
that of the juice does not ap[Jear to be
practical, since the cost of the amino
acids alone would exceed the price of
authentic juice.

Work is currently underway to develop
a simpler, more rapid method to separate
and analyze for just the amino acids
which have the highest correlations with
juice content.
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FATTY ACID DISTRIBUTION IN ORANGE JUICE

INTRODUCTION

FLAVOR DETERIORATION in lemon
and other citrus juices has been associated
with the presence of PUFA, such as
linolenic acid, present in the juice and
seeds (Gorbach and Hekal, 1968). Other
studies have listed the major
lipids in citrus juices and the effects of

sforage on the fatty acids and phospho-

lipids” of commercial orange juice (Van-
dercook et al., 1970; Nagy and Nordby

1970). These recent studies have outIrned
the complexities of citrus juice lipids and
raised questions regarding the nature of
reactions and interactions of these com-
pounds_with other constituents in the
Juice. The present paper describes in
detail the positional distribution of the
major fatty acids in two orange juice
P_hosphohﬁrds and includes new informa-
ion on the effect of commercial pr

essing on the phospholipids in the juice.

EXPERIMENTAL
Orange juice samples

Juice from freshly harvested ‘Valencia’ or-
anges was extracted with a commercial extrac-

tor FMC Corpg on nine different dates dunng

y Duplicate 100 ml sample
of jurce Were anaIyzed immediately after”ex-
traction for fresh jlice investigations and after
heat stabilization (?05 C) and frozen concen-

tions. u)ntrtatwe analyses ang comparisons
vrerea ased on. 12° Brix readings for either
single-strength Juice or reconstitlited frozen
concentrate.

Lipid analyses

Lipids were extracted nd unfred from
fresh Juice samples (100 mg using a published

g:ocedure (Nor by

aqy, 1969). Phospha-
dyls ethano\a (P -C oHne C). senn
P 0s1t Rhosb] tidlic acid
e isola tep P fractro

te uroe f ids by two-dl ensona n
sill (? at)es were developed m t?]
oI wrr,bri sovent systems: st dimension,
e0 (S 25 2) 2nd_dimension.
CHCI MeOH NH %
ative quantities, the same soIven
used wrth conse értwe developmen
PC bangs scrape rom the "1st plate, eluted
wrth CHCI Me H (50:50) “and " chromato-
grag in te 2nd soIvent tem. An anti-
ant {0 2% BHT) was add fo all solvent
ah emsyo Bre ent sample oxidation (Nordby
Fat

acld met% esters were prepared and
urifie from PE and lyso- derrva ves usrng
F.-methanol and fol 0wrr(rjg rooe g
scribed for citrus juice Tipio§ (Nagy an Nor

of PE and

phospho-

proc-

trate manuracture Tor pI’OCGSSGddaUICE investiga-

yFs‘%ernt%rhé‘rré

b{y 1970). Gﬁs chromatogra hic analyses of

tty acrd met yl esters were performed using a

Micro Tek Model 2000 gas chromatograph

durlb ed wrth fIame |on|zat|on detectors ger
was  Isoth Ierma a s(n

tx 1s I, stainless steel co umn packe with

10% EGSS-X on 100/120 mesh Gas Chrom Q

(Applied Sc Labs., |
pBHe ﬁore[r}tcss wgre dertlggted nTL gl tes
throug the se of ninhydrin and a molybdate

reagent (Ulrttmer and  Lester,. 196
(%ua trtatre an ysrs mvove scraping te
from the plate Into micro-Kjel-

for drgestron wrth perchloric &cid
IJo o owrn digestion,
agyents were added in the order
listed: 5 ml distilled H20, 1 ml 2.5% ammo-
nium monbdate 1 ml 1o%ascor bic cr andz
ml drstrled water to nnse te
samst were_then p (ac in_a hoil m water
5 min, cooled, centrifuged at 3000
G and the absorbance at 820 nmWwas comp are
to a standarﬂ curve prepared from potassrum
dihydrogen phosphate.

Enzxmatro hydrolysis

n enzymati¢ hydrolysis using crude por-
cine pancreatic lipase (banoreatrn Srgma} was
adopted to determine ‘the positional” distribu-
fion of the major fatty acids on PE and PC
from orange juice. Puré samples (20 mg P) of
PE and PC were converted by phospholipase D
Kdrolysrs 0 nﬁ)hoslphatrdro acld usrn the rfroce
dlre of Possmayer et al %s |[pzﬁ
D was prepared from cabbae and partia
Hr)tnfred by preparatron of an acetone powder

avidson-angd Lon

unged Ehosghatrdrc acids from PE

and PC were converte 10 therr dimet Hyﬁhos
Ehatrdates using 2 ml diazomettiane In
ther pus o1 ml methanol and mcubatrng at
for 30 min_(Possmayer et al., 1969

Ren onen, 1968). The dimethylphosphatidates
were incubated at 30°C for 13 hrinapH 80
borate buffer system containing pancreatic |i-
E e (Sloth oom et da 1970). Several drops of
ther ‘were also added fo the reaction mixture

arns
he 0 owrnlg

E ' ﬂé)sr@

PHOSPHOLIPIDS

fo |rl)crease thﬁ hydrl)o{ﬁsrs effroreno[yé1 FoJowrnﬂ

|ncu ation te mixtlre was ex
HCl] an te ysodr ates
were urified

petroleum ether ether acetic acid

& a developm(% solvent. 'Bands were scrape
from TLC SpIa es for |rect preparation” of
methyl esters as described above.

RESULTS & DISCUSSION

Positional distribution of fatty acids

Slotboom et al., 1970 have shown that
crude pancreatic lipase can be used to
hydrolyze specifically the 1-acyl ester
bond ‘of phosphotriesters without the
interference of contaminating phospho-
lipase A. For this reason, crude lipase was
used to hydrolyze orangeguroe PE and PC
dimethylphosphatidates fo their respec-
tive 2acy| lyso-derivatives. Table 1 gives
the results, of the fatty acid analysis of
both the intact phospholipids and the
2-acyl derivatives of PE and PC from
fresh ‘Valencia’ orange juice. From this
data, it is clear that palmitic (16: 0(}
palmitolecic Elﬁ :1) and stearic 318 )
acids are located primarily at the 1-posi-
tion, while oleic (18:1), linoleic (18:2)
and linolenic (18:3) are most concen-
trated at the 2-position of the 2 p hoslo
|If)|d5 studied. This distribution follows

osely the pattern of palmitic and stearrc
acids being preferentially esterified at the
1- and 3-positions and linoleic acid at the
2- position of plant seed oil glycerides
EMattson and Volpenheim, 1961, 1963;
vans et al., 1969).

One of the more marked charateris-
tics of the fatty acid composition found
in the two major orange juice phospho-
lipids, was the” considerable amount of
palmitic acid. This high amount of pal-

rert sw hoserf o usin
% 0:80: 102

Table 1—atty acid composition of 'Valencia'orange juice phospho-
lipids and of fatty acids in the 2-position

16:0 161
Phospholrprd 24 4
2-position 3 0

PC
Phospholipid 22 5
2-position 2 0

%GLC peak area*
180 181 182 183

2 19 42 9
0 23 62 12

2 26 34 9
0 a o/ 10

“Average of nine different juice samples
“Notation signifying carbon chain length:number of double bonds.
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Table 2—Concentration of phospholipids in fresh, heat stabilized
and frozen concentrated 'Valencia' orange juice

Y%of total lipid phosphorus

PE PC
Fresh® 39 29
Stahilized* 40 32
Concentratex K/ 29

PI PS  PA  LipidPc
1 i 3 10
9 ! 0 13
39 9 13

“Average of nine different juice samples
“ Average of six different juice samples
cMg lipid phosphorus per 100 ml juice

mitic acid Perslst_s in the seed lipids as
well as in the juice (Nordby and Nagy,
1969) and has been documented pre
ously, when the similarities between cit-
rus “seed oils and cottonseed oil were
recorded (Dunn et ah, 1948).

Effects of commercial processing

Table 2 presents data showing the
concentration of several phospholipids in
fresh and processed ‘Valencia’ orange
juice. These data were taken from sam-
ples of fresh and freshly processed juice,
Intending to show the” effects of “proc-
essing on the phospholipid fraction of the
Juice. Experiments were performed on
Juice processed using commercial-sized
Industrial equipment. No storage studies
were conducted, since a previous paper
thoroughly described the effects of stor-
age time ‘and temperature on_phospho-
lipid stability in aseptically filled glass
containers of single strength orange juice
(Nagy and Nordby, 1970).
_ Séveral important aspects ot the data
in Table 2 should be pointed out. More
lipid phosphorus was extracted from the
processed juice than from the fresh juice,
a result. which could be explaingd by
considering that heat treatment and evap-
oration during processing caused physical
disruption of phospholipid-containing
membrane and tissue in the juice, hence
allowing greater extractability. Additional
extractions of fresh and processed juices
did not significantly increase the yield
beyond the flq_ur_es reported. The percent-
ages of total lipid phosphorus of the PE
and PI fractions were considerably de-
creased and the PA fraction increased as a
result of processing fresh juice into frozen
concentrate. Lesser chan%es were appar-
ent for juice which had been heat stabi-

previ-

lized to_inactivate pectic enszes. No
explanation could be given for the negligi-
ble change in the PC and PS fractions,
except for the speculation that the ionic
nature of these molecules may in some
way affect their stability in the juice.

The percentages of the various phos-
pholipids listed In Table 2 are similar to
values reported elsewhere (Vandercook et
al,, 1_970% However, the values reported
in this table for total lipid phosphorus, PI
and PS for fresh and Processed ‘Valencia’
juice are not in complete agreement with
the values published by the above au-
thors. These differences may be due to
seasonal, varietal or experimental differ-
ences which are in accordance with bio-
logical variations between samples. Some
unidentified phospholipids or phospho-
rus-containing reaction products were
also present, partially a.ccountln(% for the
reason that the values in Table 2 do not
add up to 100%. The amount of PE was
greater than the amount of PC in the
average values reported in Table 2. This
difference was most pronounced in fruit
harvested in March, while fully mature
fruit harvested in May contained slightly
more PC than PE. However, these changes
were observed for only one growing
season and more studies are needed to
determine the effect of maturity on
phospholipid concentrations in the fruit.

In summar}/_, these studies have shown
that the specific fatty acid distribution in
the two major phospholipids of orange
juice is in" keeping with the general
pattern found for most plant lipids; i.e.,
esterification of palmitic and stearic acids
IS predominantly at the I1-position and
the polyunsaturated fatty acids at the
2-position of the phospholipids. With

regard to the effect of commercial proc-
essing on juice phospholipids, no serious
damage was apparent to the phospho-
lipids ‘studied, even though the concentra-
tions of PE and Pl weré reduced follow-
ing processing.
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COLORIMETRY OF FOODS: ORANGE JUICE

INTRODUCTION

THAT COLOR PLAYS an important role
in the consumption of a food is amply
demonstrated by the allotment of 40 out
of 100 points in the USDA grading
system for orange juice. Orange juices
vary from pale yellow in the early season
to red-orange late in the season and a
desirable color is achieved by blending.
Color has been evaluated visually by
comparing juice samples to USDA plastic
standards.

Two instruments used to measure the
color of orange juice are the Hunterlab
Color Difference Meter and the Hunter
Citrus Colorimeter. The latter is a simple,
rugged instrument designed specifically
for use with citrus juices (Hunter, 1967).
Its development was based on data ob-
tained with the Hunterlab Color Dif-
ference Meter and visual scores using
USDA color standards. Correlations of
0.855-0.939 were obtained for panel
scores with citrus colorimeter values
(Wenzel and Huggart, 1969).

A method of extracting orange peel
carotenoids to be used as a colorant for
orange juice was proposed by Ting and
Hendrickson (1969). Under the Florida
Citrus code no foreign matter, including
colorants, is permitted in pure orange
juice and frozen orange concentrates. It
may be that orange peel carotenoids
would not be considered foreign matter.
Ting (1961) found that total carotenoid
content of oranges harvested late in the
season was higher than for those har-
vested earlier. A highly significant corre-
lation coefficient (0.903) was obtained
for total carotenoids against the Hunter
“aRd” value. The addition of orange peel
carotenoids to orange juice resulted in
large increases in Hunter “aRd” values
and only small changes in “Rd” and
“bRd” (Ting and Hendrickson, 1969).

The Kubelka-Munk colorant layer con-
cept as applied to translucent foods has
been discussed by Clydesdale and Francis
(1971), Huang et al. (1970a, b), Joslyn
and Little (1967), Mackinney et al.
(1966) and Little (1964). A translucent
sample has some of the light from below
the surface reflected as a result of internal
transmission of light. Therefore, tradi-

'Present address: Dept. of Consumer
Studies, University of Guelph, Guelph, Ontario,
Canada

tional methods of color measurement
may not accurately reflect the color of
the sample as seen by the human eye.
Kubelka and Munk developed equations
for calculating the reflectance of a layer
of infinite depth (Judd and Wyszecki,
1963), This method uses the measure-
ment of reflectance of a thin layer of the
sample presented against a white and a
black background. In some cases, presen-
tation alone, of a thin layer against a
white or black background was enough to
increase numerical separation of samples
and thus increase accuracy of the instru-
ment in ranking the samples (Little,
1964; Mackinney et al., 1966; and Joslyn
and Little, 1967). Also the thin layer
presentation with small aperture and
small area of illumination, was at least as
good, for the products tested, as the large
aperture with small area of illumination
presentation generally recommended for
translucent samples.

Tristimulus values X, Y and Z were
not equally efficient in detecting color
differences in the samples. The same was
true for calculated Tj, K and S values
(Little, 1964; Mackinney et al., 1966;
Joslyn and Little, 1967).

Huang et al. (1970a, b) applied the
Kubelka-Munk concept for color meas-
urement to samples of pureed squash and
carrots containing very small color dif-
ferences. They found that a panel could
rank visually, samples differing in ap-
proximately 0.2 delta E units (Delta
E=[(L; —L;)? + (a; —ay)? +
(b; — by)?]%2). Huang et al. also ob-
served that a single color parameter was
not sufficient for ranking samples instru-
mentally, the best correlations being ob-
tained when all three parameters either X,
Y and Z or Hunter “L,)” “a” and “b”
were included. Huang et al. found the
Hunterlab D25 colorimeter measured
small color differences more precisely
than the GE spectrophotometer for the
foods studied.

Rummens (1970) designed an illumi-
nating hollow sphere, with the sample
placed in the center, to measure both
transmitted and reflected light from the
sample. He found that the color coef-
ficients of a 5 cm cylindrical cell filled
with orangeade, measured with this all-
side illumination technique, were in sub-
stantive agreement with those of a
colored card selected visually to match
the color of the orangeade sample.

Orange juice is a good example of a

translucent food. This study was under-
taken to determine whether the appli-
cation of the Kubelka-Munk colorant
layer concept to orange juice provided a
better means of evaluating or measuring
the color than the methods now used.

EXPERIMENTAL

FROZEN ORANGE concentrate was obtained
from the Citrus Experiment Station, Lake
Alfred, Fla. (courtesy of F.W. Wenzel). The
concentrate had a Brix of 58° and was made
from juice with the characteristics: total acid,
as citric, 0.76%; 11.6° Brix; Brix/acid ratio
15.3. Neither cutback juice nor orange oil was
added to the concentrate. The juice was given a
rating between 35 and 36 as judged against the
USDA standard plastic OJ tubes and had a CR
value of 27.2 as measured by the Hunterlab
Citrus Colorimeter Model D45.

Orange peel carotenoids used as colorant for
the orange juice were also obtained from the
Lake Alfred Citrus Experiment station. The
colorant solution was prepared by blending 5g
concentrated orange carotenoids with 500 ml
of light colored orange juice in a Waring
Blendor.

Stock solutions of orange juice were made
by diluting the concentrated juice to obtain a
reconstituted juice with a Brix of 13.0° and by
adding 29 ppm concentrated orange carote-
noids so that the color approached the lower
limits for a Grade A juice. A more highly
colored juice was obtained by adding colorant
in the amount of 56 ppm concentrated orange
carotenoids to the stock juice. The two juices
were blended to give 10 mixtures containing
varying amounts of the more highly colored
juice (0.0—56 ppm carotenoid colorant added
to stock juice). Ten cell thickness (2, 3, 4, 5, 6,
7, 8, 16, 24 and 32 mm) and l-in. diam
test-tubes for the Citrus Colorimeter were
tested. Each series of 10 samples for each of the
various cell thickness were tested three times.
Three cell thickness were tested at one time and
the order was randomized so that different
thicknesses were tested together.

Color was measured on the GE Spectro-
photometer (General Electric Co., West Lynn,
Mass.) with tristimulus integrator (Davidson &
Hemmendinger, Inc., Easton, Pa.) operated
with specular reflection included and pressed
barium sulphate standards. Huang et al. (1970a)
found that inclusion of the specular component
did not alter the results for samples of carrot.
Samples were presented against white and black
backgrounds (Munsell Color Reference Guide
Tobey Papers N9/, N 2.25/ respectively). In
addition to the spectrophotometric measure-
ments, color was measured on the Hunterlab
D25 Color Difference Meter (Hunter Associates
Lab., Fairfax, Va.). Measurements were made
using an aperture 4.7 cm diam and mode of
illumination which illuminated the area of the
aperture. A standard tile of specification
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=83.0: a=-3.6; b=25.3 was used to stan-
dardrze the instrument.
The equations used for calculating the KIS
ratios were as follows:
R _R+Rg

a =12(R+ RoRg )

b =(a- 1w
RM =3 —b
g5 (LR

2R«

where

R =r erctance of sample with white
ackground

Ro = reflectance of sample with black

= reﬁectgance of white backﬁround

= reflectance of infinitely thick sample
K = coefficient of absorptron
S =coefficient of scattering

Color differences were calculated from
Hunterlab data by the equation:

AE=[(L1-L 2)24(a, - @22+ (0, -b2)21 2

The Hunter Citrus Colorimeter (Hunter As-
jociates Lab., Fairfax Va; Wwas. also used to
measure the color of the ofange juice samples.

les were lpresented in 1-in." test _tubes as
reco mended by the manufactyrer. Duplicate
% oswere ma g m two positions for each
e and the four readings averaged to obtain a
R valug for the sample; The Instrument was
standardrzed usmo SDA plastic OJ4 tube

#107 with a CR value 31.3. (The present USDA
standard for thetC|trus CoIorrmeter I the OJif))

I measurements were made on juice samples
|n whrch ﬁwe pulp had not beeh aﬁowedpto

Samprles were evaluated vrsuallg by a paneI
f six. The samples were examinéd_ in a_Mac-
Beth Lablite Booth (MacBeth D yI| ht C
Newburgh, N.Y.) Under nort t
(1400° K).and were supported af a45° angle
viewing. The panelists were asked to rank the
10 samples for increased redness. Ranking, was
done against the same backgrounds as used for
Instrymental mez?sureme ts.

Linear correlation (r) and multiple corre-
?]tron coefficient (tR) were calculated t? show

the relationship between the theoretical rank-

mgs achieved b()! addm% colorant and the color
Indjces obtained by. instrumental measurements
and visual examination.

A second experiment was copducted in
which the colpr drfferences were decr?]ased to
about one-half of those used In the first
experiment. Juices were prepared by the same
procedure except that concentrated carotenqid
coIorant added to the more hrphly colored juice
was red uce to p 3- and
g-mm. cells and the est Aubes for the Citrus
Colorimeter were measured. In this part of the
study, backgroun Munsell rpapers were re-
glaced with paint. [g101 -AO white and 101-C10

k Fﬁ%ﬂ)ectrve roducts Div., 3M Co., St.

Mi

A thrrd part of the study included the effect
of puE on the color measurement of orange
Juice. For this, commercral frozen orange con-
centrate containing 13% pulp, by volume was
used. The pulp was separated from the juice by
successive * dilutions and centrrfuoatrons of

10-min periods af 2000 rpm in-an 1EC centri-
fuge Model PRs {Internatron %urpment Co.
Ngedham His., . Mass.). B and

supernatant liquid were coIIected The amount

of water required for four centrifugation pro-

cesses was recorded and the pooled Supernatant

Irqurd further diluted to the 1:3 ratio recom-

men ded. eythe processor. This was used as the
stock Juic

The pulp was freeze dried in a pilot size
freeze dr|er (Repp Industries Inc., Gardiner

erﬂte wrth shelf qurd t -50°F ang

condenser 60°F. Shelves were heated
to +50° F or ryrn g. The dryin goperatron top]
3. hr and the vaclum was ar. T e
dried pulp particles were round In a Micro-Mill
Chemical Rubber Co., eveIand Ohio) and
separated into two sizes 2/ sleving. [gg
particles were those hetween 50 and 500ma
small partrcles Wee ess than 250m_Con-

erabe carotenor olor was retained by the
p p artr%es and thrs was removed by’ suc-
BsSIV was mgs with npetroleum ether and 95%
ethyl alcohol "until no more color could be
extracted. This resulted in almost white pulp
particles whrch were then resieved to ensure
desrr?]d %artr le sjze.

ried pulp was added to the stock juice

50 that a juice contarnm? 9.5% pulp by volume
was optained. This wasbend%d wrth stock | urce
contaning no pulp to achleve 10 Sa
varymg I amount of p ulrp]from0095% eII
thick n?]sses and instrymental meafur ments
were the same as described previously for the

Table 1-Visual ratings correlated with theoretical rankings for

orange juice samples

2 4 6
Correlation coefficient (r x 1000)a

Correlation
Thb vs. V\Y

Cell thickness (mm)

s 16 % P i

56 ppm coorant 910 968 981 959 966 936 967 946
. 931 850

25 ppm colorant 870

56 ppm golorant 962 970 974 853)%

25 ppm colorant 922

956 975 972 960
- - - 802

aAll correlation coefficients are the average of r from three

experiments.
bTheoretical ranking

cVisual ranking for samples with a white (V\y) and a black (Vg)

background

second parg_of the study. There was con-
siderable difficulty in maintaining a suspension
of the Iarlger pulp particles for the time required

for visual” ranking so visual ranking of samples
8%rlttarer(rjmg the " larger pulp particles was

All statrstrcal analyses and color indices

Only Q”%ﬂat‘ms?r%pn%rg‘ & preentd her g

remam er may be found in the original thesis
i

RESULTS & DISCUSSION

Effect of pigment

The sensitivity of the human eye in its
ability to discriminate between very small
color"differences (<0.15 AE unrts¥ when
a reference sample is available, such as the
ranking of a series of samples for_redness,
is demonstrated b¥ this study (Table 1).
However, examination of correlations for
the individual judges showed that a con-
siderable rande existed between judges for
the same cell thickness. In most cases,
correlations for average scores were
higher than those for the individual
scores. In contrast to the findings of
Huang et al. (19704, b) background effect
on ability to rank samples was not signi-
ficant as determined by a paired t-test for
Z values calculated from r values. Re-
ducing the amount of colorant added,
lowered the correlations obtained for
visual ratings with theoretical ranking
only slrghtly with the greatest reduction
being obtained when samples were pre-
sented in 1-in. test tubes (Table 1).

Table 2—Relationship between pigment con-
centration and AE for different cell thicknesses
Cell Amount of colorant (ppm)
thickness 7 19 3 4 5%

(mm) AEa
White
background
2 074 098 125 150 175
4 LI7 119 121 120 124
6 031 oes 104 140 175
8 025 055 oss 119 149
16 034 061 089 116 142
24 047 o068 090 110 1.30
32 027 056 087 116 145
lack
ba5<ground
2 075 oss 097 108 119
4 035 055 077 097 117
6 025 051 080 107 134
8 029 049 072 093 114
16 025 051 079 105 131
24 050 073 099 123 147
32 031 060 091 120 148
aAE obtained with a Hunterlab D2S colori-
meter and calculated as AE = |(L, -L 2)2 +

(a, —a2)2 + (b, —b2)2)~. AE is the dif-
ference between readings for samples with
added pigment and the controls.



AE values deduced from a regression
equation of 10 different pigment concen-
trations are shown in Table 2. The back-
?round used for sample presentation af-
ected the values obtained. White
backﬂ]round presentation and increasing
cell thickness resulted in a reduction in
AE values obtained, whereas black back-
?round_ Eresentatlon increased AE values
or thicker cells. Background effects on
AE values were not reflected in the
anelists’ ability to rank samples visually
FT_abIe 1). A decrease in AE values for
thicker cells and white background pre-
sentation was also observed by Huang et
al. (1970b) for samples of squash Euree.
In addition to_the effect of cell thickness,
an expansion in color space, expressed as
alarger AE value, was observed for 2 mm
cells.” This same phenomenon was noted
for samples of Tang (Gullett et al., 1972)
and by Huang ef al. (1970a, b) for
samples of squash and carrot purees. In
all instances, the expansion in AE was not
accompanied by a corresponding im-
provement in “visual judgments. The
ability of the panel to rank the samples
aﬁpeared to be affected by the relative
change in the components of the equa-
tion Used to calculate AE. _

Correlations of GERS data with theo-
retical ranking for 56 ppm added carote-
noid colorant” are shown in Table 3. As
was observed by Huang et al. (1970a, b)
the use of more than one color parameter
improved the correlations obtained.
ngher correlations were noted when K
and S were both included than when the
single ratio K/S was considered. The best
correlations were obtained for the param-
eter Y. This is not to suggest that Y is the
best indicator of redness but that the
increase in redness was accompanied bg a
greater decrease in luminosity of the
sample. Correlations for the tristimulus
value Z were shown to be low and not
included in most of the calculations
(Gullett, 1970). _ .

Correlations for theoretical ranking of
oran?e #utce samples containing incre-
menfs of pigment with Hunter parameters
and hue, calculated as tan"l a/b, are
shown in Table 4. The importance of the
tridimensionality of color is demon-
strated bP]/ the” higher correlations ob-
tained when two ‘or more parameters
were included. However, _veraf good
simple correlations were obtained for the
Hunter parameter “a” and for hue, re-
Par_dless of background. These corre-
ations were as good as those for visual
ratlngi_lversus theoretical ranking. Wenzel
and ugqart (1962, 1969) and Hunter
(1967) all reported that tristimulus value
‘a” was the best single indicator of
redness in orange juice.. Gullett et al.
‘1972) observed™ that this was also true
or the synthetic orange drink Tan?: .

Absorption and scattering coefficients
for the tristimulus value Y are presented

in Figures 1 and 2, Hunter data were
converted to CIE tristimulus values for
calculation of absorption and scatte.rmg
coefficients. Tristimulus values obtaine
for the samples presented against white
and black backgrounds were substituted
for R values in "Kubelka-Munk equations
for calculation of K and S. Both absorp-
tion and scattering coefficients decreased
with increasing cell thickness. This was
true for solutions of Tang (Gullett, 1970;
Gullet et al., 1972) and purees of squash
and carrots (Huang et al, 1970a, b).
Much less difference between coefficients
of absorption and scattering existed for
orange juice than for the "other foods
tested. This was accompanied by lower
correlations for the ratio K/S. Coeffi-
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cignts for the tristimulus value X ex-
hibited the same trends as Y. o
Absorption and scatterm% coefficients
were calculated for the Hunter parameter
“L.” The use of this parameter reversed
the relation of K and S from those
calculated for the other parameters. This
was a result of a considerable increase in
Sand a reduction in K. This reversal was
noted for other foods tested (Gullett,
1970; Gullett et al., 1972; Huan? et al.
1970a, h). Ob_v_louslly, the paramefer “L”
Is more_ " sensitive fo scattering effects.
Orange juice solutions exhibited a large
AE accompanied by a large AL and a
small K/S ratio for 2 mm cells (Fig. 3).
The use of the white background has
increased the effect of scattering for these

Table 3-Correlations of theoretical ranking with data for GE spectrophotometer (56 ppm

carotenoid colorant)

Cell thickness (mm)

2 4 6 8 16 24 32
Correlations Correlation coefficient (r or R x 1000)

Tristimulus values
Thvs. Xly 717 23200 -An <462 <186 528 -040
Thvs. Yy -732 -389 736 -701 420  -610  -233
Thvs. X\y « Yly 791 745 979 907 925 977 942
Thvs. XB 018  -225 440 018  -151 469 030
Thvs. Yg 055  -270 339 -298  -294 565 -125
Thvs. Xg * Yg 769 693 965 942 048 979 936
Kubelka-Munk treatment
Thvs. Kx * Sx 803 475 732 615 417 769 315
Thvs. Ky « Sy 782 572 836 763 479 823 514
Thvs. Keso * Seso 687 481 711 647 491 685 493
Thvs. Kx ¢ Sx ¢ Ky « Sy 848 823 888 808 901 867 703
Thvs. KISX 732 41 -266 243 170 499 020
Thvs. K/Sy 729 443 -040 503 318 512 057
Thvs. K/Se60 544 085  -497  -261 013 3%  -106

aX and Y are tristimulus values obtained from GERS. The subscripts W and B refer to white
and black background, respectively. Th refers to theoretical ranking, K to coefficient of absorption
and Sto coefficient of scattering, 660 refers to reflection at 660 nm.

Table 4—Correlations of theoretical ranking of orange juice samples (56 ppm carotenoid
colorant) with data from Hunterlab D25 colorimeter

Cell thickness (mm)

2 4 6 8 16 24 32
Correlations Correlation coefficient (r or R x 1000)

Thvs. Lw -155 -552 -164 -149 177 -521 -143
Ths. aly 11 905 972 976 978 983 954
Thvs. by 812 704 790 694 554 695 381
Thvs. (tana a/b)\%/ 841 905 971 977 978 982 955
Thvs. Lly «aly 1bly 906 970 995 984 991 986 992
Thvs. Lg 500 -173 486  -192  -513  -328  -732
Thvs. ag -079 841 959 958 968 917 938
Thvs. by 838 836 922 916 976 713 400
Thvs. tan-la/b]bg 866 881 962 957 965 976 941
Thvs. Lg *ag +hg 985 990 990 988 988 988 976

aThe subscripts W and B refer to samples with white and black background, respectively. The
letters L, a, b refer to tristimulus values from Hunterlab D2S colorimeter. Th refers to theoretical

ranking and (tan"' a/b) refers to hue.
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& 3
24r e——e GERS Data
- a——=a Hunter Data
E
E
g |sr
z
-
8

w10

T
Ky X 1000

Fig. 1—Coefficients of absorption (K) calcu-
lated for GERS and Hunterlab data converted
to CIE Y for samples of orange juice containing
56 ppm carotenoid colorant.

thin cells. K/S values were found to
increase with cell thickness but AE values
decreased and AL values remained con-
stant. This is in contrast to the flndlng{s
for Tang (Gullett, 1970; Gullett et al,
1972) where an increase in K/S ratios was
noted for 8 mm cells. Thus K could be
considered to play aless important role in
orange juice than'in the Tang which has a
higher chroma. _

As cell thickness increases, more re-
flected light would be lost through peri-
Ioheral scatter which would not e col-
ected the photocell in the
colorimeter. This would account for the
?reater decrease obtained for S values
han for K values. However, it does not
account for the smaller increase in_K/S
observed for thicker cells for orange juice
and for squash and carrot purees zHuang
et al., 1970a, b) than for an(g;( ullett
1970; Gullett et al, 1972). One would
expect that greater trapping would occur
for the foods containing more particles.
Therefore, the phenomenon of light
trapping probably plays a minor role in
the effect of cell thickness on KI/S ratios.

It follows that AE values are related to
the absorption and scattering coefficients
and in particular to the ratio of the two.
The expansion in color space observed for
thin cells is associated with a dispropor-
t|onatel¥ large scatterln(t;_ coefficient as a
result of the light reflec |n(l; ability of the
white background. As cell thickness is
increased the effect of the background IS
diminished and scattering is decreased
more than absorption. Thus it should be
possible to characterize optically a food

32
24}
€
£ 16} e—— GERS Data
2 @=——g Hunter Data
.é
K
(14 °
Vv o
2¢ -
40 60 80 100 120
Sy x 1000

Fig. 2—Coefficients of scattering (S) calculated
for GERS and Hunterlab data converted to CIE
Y for samples of orange juice containing 56
ppm carotenoid colorant.

by determining the coefficients of absorp-
tion and scaftering for a few cells of
appropriate thickness. _ _

Correlations for theoretical ranking
and visual rating with CR valugs from the
Hunter Citrus “Colorimeter for orange
juice containing 56 ppm colorant fell
within the range of the best correlations
for a single parameter for the other
instrumental measurements (0.973). De-
creasing the amount of carotenoid color-
ant added to the samples by about
one-half resulted in a lower correlation
(0.935) for theoretical ranking with CR
values ‘but still above those obtained for
the panel on the same juice (Table 1).
Correlations for CR values were higher
than for those obtained for the GERS
data. Only two multhIe_correIatlons for
the Hunterlab D25 colorimeter data were
consistently as good as CR values. How-
ever, as cell thickness increased coeffi-
cients fell within the range of those for
CR values, especially those for multiple
correlations. When the amount of color-
ant added was decreased, fewer of the
D25 correlations were as high as those for
CR values.

Effect of pulp

When the pulp content was increased
and pigment content remained constant,
low correlations were obtained for pulp
content with visual ranking on the Dbasis
of increased redness. The calculation of
hue as tan'la/b showed that a very small
shift in hue towards redness occurred
with increased pulp content (0.9 for
white background; 2.2 for black back-

AE al
z.ool {.10
— AE
. Y
1.60} 2mm|‘ {080
\
A
|.20F W 0.40
Imm -7 8mm
080 A 00
150 175 200
K/SL x 1000
Fig. 3—AE values. AE=[(LI —L2)2 +

(al —a2)2 + (b, —b2)2] /i and AL values,
AL =L, —L2 plotted against K/S calculated
from Hunter “L" values for samples of orange
juice.

round and 2 mm cells). Wenzel and
uggart (1969) also noted a shift in hue
towards redness when pulp content was
increased. Particle size as tested here did
not affect this shift. The shift in hue
towards redness could not have resulted
from carotenoids contained in the pulp
since these were removed in the prepara-
tion of the pulp. The larger shift in hue
for samples presented against a black

Table 5—Correlations of theoretical rankings
for orange juice samples containing small dif-
ferences in pulp content, small particle size,
GERS data

Cell thickness (mm)

3
, Correlation coefficient

Correlation* (ror R x 1000)
Tristimulus values
Thvs. Xly -131 -681 429
Thvs. Yy -703 -642 391
Thvs. Xy ¢ Yy 806 778 591
Ths. Xg 854 883 939
Ths. Yb 720 885 930
Thvs. Xg * Yg 858 905 961
Kubelka-Munk treatment
Thvs. Kx * Sx 903 899 950
Thvs. Ky « Sy 902 894 944
Thvs. Késo "Se60 887 884 952
Thvs. KISX -430 -809 -917
Thws. K/Sy -422 -7170 -903
Th vs. K/Ssso 007 -630 912

aSymbols same as in Table 3



back(t;round was attributed to the fact
that the particles would increase the path
length within the cell and thus increase
the amount of blue absorption by the
solution and at the same time lessen the
absorption effect of the background. But-
ler and Norris ‘1960) found that the
addition of light-scattering material to
solutions intensified absorption bands as
a result of an increase in path length.
Huang et al. (1970a) also observed higher
absorption coefficients for the highly
light “scattering purees of squash ‘and

carrots. ,
The white background presentation
resulted in a smaller shift in hue, because
of the Ilght scatterlng effect of the
background and the absorption is rela-
tively less important. This is supported bgv
the Hunter “L” values obtained for 2-, 3-
and 8-mm cells and white bac_quound
Presentatlon. An increase in_particle con-
ent resulted in a decrease in “L” values
for 2- and 3-mm cells. However for 8-mm
cells “L” values increased |nd|_cat|ngi that
the light scatterm? properties of the
particles in the solution had a gire_ater
effect than the bac_kﬁround. Correlations
for the ratio K/S with theoretical ranking
were Dbetter than those obtained for
orange juice containing |o| ment incre-

ments except for 2-mm cel S%Table 5).
The addition of decolorized pulp to
Pulp-_free orange juice resulted in a reduc-
jon in Citrus Colorimeter CR values and
negative correlations for theoretical rank-
ing with CR values (—_0._5942. This would
seem to be in contradiction to the shift in
hue towards redness indicated from the
Hunterlab D25 data. The calculation of
hue as tan'la/b does not take into ac-
count lightness of the sample represented
in the “L” parameter, CR calculated as
would take into

CR=200 [(AIY)-1
account ik(creasir)]g I]|?htness_ resulting
2 particles, in the

from the presence ofJ)u .
Y factor, and thus a decrease in CR values

with increase in pulp content would be
obtained. _ _
Correlations for theoretical rankings

with instrument parameters were gener-
ally lower for large particle pulp than
small particle pulp but similar trends were
exhibited. Wenzel and Huggart (1969)
rePorted that fine pulp, presented in an
infinitely thick sample, increased light-
ness, but had only a slight effect on the
chromaticity for a corresponding amount
of coarse pulp. In this study, no clear cut
patterns emerged for the effect of particle
size on HunterParamet_ers. This may have
been a result of the thinner samples used
or the differences in particle size may not
have been as great.

CONCLUSIONS

WHILE the Kubelka-Munk treatment,
Partlcularly the K/S ratio, does not seem
0 be advantageous in the color measure-
ment of orange juice, useful coefficients
of absorption” and scattering can be ob-
tained. These may be useful in classifying
carotenoid-containing translucent foods
by both pigment content and particle size
i order to predict the success of a color
measurement technique.

The results of this investigation indi-
cate that for orange juice, the Hunterlab
D25 colorimeter, the smgle parameter
“a,” a cell 8-mm thick and white back-
ground presentation, is a suitable method
of color measurement. If very exacting
measurement is required then the more
complicated regression calculation, in-
cluding all three tristimulus parameters
and Kubelka-Munk treatment would be
beneficial. However it should be remem-
bered that Kubelka-Munk equations were
developed for reflectance ata single wave
length and so the substitution of tristimu-
lus. values introduces considerable em-
piricism_into the calculation of KI/S
ratios, These findings also indicate that
the Citrus Colorimeter is at least as good
as the D25 colorimeter and is especially
sensitive to chan%es in pigment concen-
tration. It has the added advantage of
being simpler to operate in a practical
Situation.
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_The expansion in color space noted for
thin cells and white background presen-
tation is a result of exPansmn of “L”
values, which in turn_retlect the greater
degree of light scattering for these Cells as
indicated by the coefficients of scattering
(S1) obtained.
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ODOR THRESHOLDS AND RELATIVE INTENSITIES OF VOLATILE AROMA COMPONENTS
IN AN ARTIFICIAL BEVERAGE IMITATING WHISKY

INTRODUCTION

THE COMPOSITION of the volatile aro-
ma portion of alcoholic beverages has
been the subject of a number of mvestl%a-
tions in recent years. Studies on the
flavor of whisky "have shown that it is
mainly composed of numerous carbonyl
compounds, fusel alcohols, esters and
fatty acids (Nykanen et al., 1968; Ron-
kainen et al, 1968; Ronkainen and
Suomalainen, 1969; Suomalainen and
Nykanen, 1970). Attention should be
paid to the sensory importance of these
aroma constituents in order to gain
knowledge of their influence on “the
nuances and strength of the aroma.

The determination of the flavor
threshold of an individual component is
one way of estimating its contribution to
the total aroma intensity of a beverage.
Several flavor threshold determinations
have been made on beer (Meilgaard et al.
1970; Harrison, 1970). Palamand and
Hardwick (1969) studied the actual effect
of some beer constituents on the overall
beer flavor at, below and above their
threshold levels in order to relate the
outstanding flavor notes to the Pas chro-
matographic profiles. Sega et a._(l%?&
determined detection, identification an
difference thresholds for beer compo-
nents in order to find flavor interactions
and to estimate the effects of these
interactions on the overall flavor of beer.
They found that an increase in the
concentration of a beer constituent will
not sg?nlflcantIY change the flavor of the
beer if kept helow its detection threshold
level, e.g., the normal concentration of
ethyl acétate or (J-phenylethyl alcohol can
be doubled or tripled with no effect on
beer flavor. Guadagni et al. (1966a) at-
tempted to determine the relative contri-
bution of the individual components to
the overall odor intensity of hop oil,
having already shown edrlier that the
mixture of compounds from different
chemical classes gave an additive odor
effect (Guadagni et al., 1963). Kendall
and Neilson (£966) showed opposite ef-
fects with mixtures of four pure odor-
ants. Baker (1963) studied a(iueous mix-
tures of organic chemicals with a
theoretical model and found strong proof
of odor synergism—the enhancement of
odor intensity—with a mixture of eight
chemicals. Keith and Powers (1968) made
an artificial peach beverage base and

found that sub-threshold and additive
sub-threshold effects resulted from only a
few flavor combinations. Further they
showed that a change in concentration of
one compound in & mixture of six com-
pounds was not readily detectable orga-

noleptically.

In an earlier study (Salo, 1970a) a
method was developed and standardized
for the determination of sensory odor
thresholds of volatile aroma compounds
in alcoholic beverages. The aim of the
present mvestut;atlon was to study the
Importance of the volatile aroma portion
of whisky from the standpoint of sensory
evaluation. An endeavor has been made
to use odor threshold values and quantita-
tive data obtained by gas chromatography
of volatile aroma compounds to deter-
mine the relative odor intensity of indi-
vidual aroma com?ounds., the aroma frac-
tions of alcohols, acids, esters and
carbonyl compounds and some mixtures
of these components. A further aim was
to discover odor interactions between
constituents and to examine the influence
of these interactions on whisky aroma.

EXPERIMENTAL

IN ORDER that the concentraﬂonf of aroma
compounds might be accuratez “known
throur%hout the |nvest|%at|o_n, a synthetic whis-
Ky . Imitation was used Instead _of original
W lSkY' The bevera%e madel, Imitating blended,
light-flavored Scotch whisky, was made accord-
Ing to quantitative data ‘obtained from gas
chromatographic investigations (Nykanen et al.
1968; Ronkainen et al.. 1968: Ronkainen and
Suomalainen, 1969; Suomalainen and Nykanen,
. 576 mg alcohols, 90 mg acids, 129 m

esters and 17.4 mg. carbonyl compounds I(81

mg In all) were used per litér blended beverage.
The cherical compounds used wer(f of purgst
obtainable commercial ?rade,_at east 98%.
These were added to highly rectified grain spirit
diluted with water purifiéd with fon excha_nge
columns and active charcoal to the requiréd
alcohol content 34% (w/w). The concentrations
of the indjvidual compounds can be found .in
Tables %4 aramel oIormq was, used tq %nv?
the artificial beverage the color of the origia
blended whka. For o ,?r determinations, the
artificial beverage was diluted with water in the
g?ct:) o to decrease the pungency of ethyl

The odor thresholds of the pure compounds
were determined by the method published

Table 1-Alcohol fraction of artificial whisky model: relationships
of concentrations, threshold levels and relative contributions to total

. Odor
Concentration threshold ~ Odor  %of total

odor

Alcohols mgn
n-Propyl 72
n-ButW 0.50
sec.ButrI 1.00
n-Hexy 0.50
n-Octyl 0.26
n-Decyl 0.10
n-Tetradecyl 0.50
n-Hexadecyl 0.11
n-Dodecyl 0.10
Alcohol mixture |

Total 7510 130
Isobutyl 174 30.0
optact Amyl 9 16.0
Alcohol mixture 1l

Total 265 46.0
Isoamyl 232 40.0
[3-Phenylethyl 4.3 0.7

Alcohols Total 576 100
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mga unit  odor units
>720 < 01
> 50 <01
> 10 < 01
5.2 0.1
1.1 0.2
021 05
> 50 <01
> 11 <01
1.0 0.1
35.0 21 4.7
75.0 2.3
320 2.8
53.0 50 11.0
65 360 79.0
15 0.6 13
127 450



earlier (Salo, 1970a). The panel was selected
from the laoratory sﬁaff and had Ggamed some
experience In_the ‘earlier threshold” determina-
tions, The triangular. test was_agphed and a
solution of grain spirit In purified water 9.4%
(wiw) was “used "as solvent and for blank
samples. If the threshold concentration proved
to pe more than éenfold, the concentration at
which a compound was present in the beverage,
precise de}ermlnatlons were nof made. The
caramel coloring was added to all the samples
u?ed In de_hermlmng the thresholds of “the
alcohol, acid, ester” or carbonyl compound
mixtures and aroma fractions. The_synthetic
whisky  imitation was compared with™ several
types of original blended whiskies in order to
assess the _succ?]ss of the imitation, taking into
consideration. that the bevera([;_e contained nel-
ther phenolic nor nonvolatile compounds.
Furthermore, the beverage was mixed with a
cotch bIend%_ whysky bottled in Finland (!40%

vIv) malt whisky]. The panel was required to
decide at which mlxm?n rate a difference wa
found between the aroma of the mixture an
the Scotch whisky.

_In the threshold trials. of the compound
mixtures and aroma fractlonf, samples were
first presented to the panel in which the
concentrations of_t_h? comgounds were the
same JIS In the artificial b(fver ge. It the mixture
was detectable at this level it was testTd in
dllutﬁdd soll_uﬁlon,s unm the thretshod level was
reached. Likewise, the_amounts of the com-
pounds were Increased If %e f resho[dtpevefwas
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above the beverage concentration. Further-
more, trials wi rg made Ao determine whether
the panel could detect a difference between the
odor of a beverage model from which some
compounds or awhole aroma fraction had been
left out and the beverage composed. ot all the
components. The purpose was to find which
components could be ‘omitted from the bever-
agﬁ_ ithout any perceptible alteration in the
whisky-like aroma.

As individuals vary in their response to the
odor of pure compounds and_es emallkl 10
ofactor?é mixtures (Baker, 1963: Sega et al.,
1967; Keith and Powers, ‘1968), the odor
de_tectl?]n threshold values were™ determined
using. the percentage-above-chance scores as a
function 0f logarithmic concentration and
?Sfumln the distribution .of the scores to
ollow the normal probability function. When
thresholds are determined according to this
function at the level of 50% positjve reiBonses,
using, a selected amateur panel, the valtes are
miamly dependent upon the substances them-
selves” (Salo, 1970b). The relative contribution
of each component or mixture of companents
to the odor Intensity of the aroma fraction or
of the wh?]le whlsk% Imitation was estimated b
dividing the concentration of each componen
or mixture of components present n the
heverage b%/ its threshold valye é uadagni et al.,
1966a; Kefth ang Powers, 1968). The quotient
was called the “odor unit” and indicated the
refative |mp?rt3nce of components in contrib-
uting to final odor characterlistics. Furthermore,

Table 2—Add fraction of artificial whisky model: relationships of
concentrations, threshold levels and relative contributions to total odor

_ Concentration
Acids Mg %
Prppionic 0.81
Valeric. 0.05
Enanthic 0.05
Pelargonie 0.11
Undecanoic 0.05
Tridecanoic 0.05
Myristic 1.20
Pentadecanoic ~ 0.05
Palmitic 0.92
Palmitoleic 1.10
Stearic 0.16
Oleic 0.22
Linoleic 0.12
Acid mixture |
Total 4.90 55
Isobutyric 2.60
Butyric 0.81
Caproic 2.30
Acid mixture 1L
Total 5.70 6.4
Acetic 36.0 40.0
Isovaleric 3.2 3.6
Caprylic 14.0 16.0
Capric 17.0 19.0
Laurie 8.8 9.8
Acid mixture 11
Total 79.0 88.0
Acids Total ~ 90.0 100

Odor
threshold ~ Odor  %of total
mga unit  odor units
20 < 01
> 05 < 01
> 05 < 01
> 11 < 01
> 05 < 01
> 05 < 01
>12 < 01
> 05 < 01
>10 < 01
>11 < 01
> 16 < 01
> 20 < 01
> 12 < 01
6.40 0.8 19
8.2 0.3
34 0.2
8.6 0.3
1.70 33 8.4
26.0 14
0.75 43
15.0 1.0
94 18
12 12
140 57.0 144.0
2.30 39.1

odor unit percentages were calculated for the

Icohol, acid, e?ter and %arbﬁnyl mixtures and
or the aroma fracfions by theexpression 100
times the number of dor nits jn the particular
mixture or fraction divided b¥ the total number
of odor units In the total traction or In the
whole artificial beverage.

RESULTS

WHEN THE whisky model was compared
with original blended whiskies, it was
considered to differ from the model in
that the smoky aroma typical of Scotch
malt whisky was less intense. Some kind
of sweet nuance foreign to the aroma of
original whiskies was noticed, and obvi-
ously indicates slightly too large amounts
of ésters or higher alcohols. The panel
was able to differentiate between the
artificial beverage and the Scotch blended
whisky bottled in Finland in 93% of trials
above” chance (p < 0.001). However,
when the artificia bevera%_e and the whis-
ky were mixed in the ratio 1;1 and the
mixture compared with the original whis-
kﬁ" only 6% cqrrectHudgments ahove
chance were obtained. The difference was
significant when the proportion of the
artificial beverage was 60% (p < 0.05
and highl S|1qn| icant when it was 70%
(p < 0.001). These results were obtained
with the laboratory panel; some trained
experts could find" a difference in mix-
tures with a proportion of 45% of artifi-
cial beverage.

Alcohols

The threshold values and quantity
percentages of the alcohols and mixtures
of alcohols, and their odor unit values are
shown in Table 1. Only three alcohols
(isoamyl, opt.act.amyl and |sobut_yILhave
threshalds which are beneath their bever-
age concentrations. Isoamyl alcohol has
the highest individual odor unit value of
all the studied compounds. Isobutyl and
opt.act.amyl alcohols have both “about
the same odor unit value as the whole
mixture of minor alcohols (alcohol mix-
ture 1) 96% of which consists of propyl
alcohol. However, some alcohols present
in very small quantity (decyl, dodecyl
and octyl alcohols) "have the lowest
threshold” levels found among alcohols.
The threshold value of /3-phenylethyl al-
cohol proved to be so much lower than
the level of ,|sobutgl and optact.amyl
alcohols that it could not be added to the
mixture of these compounds. But its
relative contribution to odor intensity is
s0_great that it could not be added tothe
mixture of the minor alcohols, since its
smell masked that of the others and the
threshold level of the mixture decreased.
The threshold level of the whole alcohol
fraction is about twice that of isoamyl
alcohol, the contribution of which com-
Pnses the bulk of the odor intensity in
he alcohol fraction. The combined con-
tribution of isobutyl and opt.act.amyl
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alcohols is only about 1/7 of that of
isoamy!| alcohol. However, the contribu-
tion of the mixture of minor alcohols is
greater than that shown by j3-phenylethyl
alcohol alone.

When all the alcohols were left out of
the synthetic whisky the panel gave only
5—14% correct judgments above chance,
and did not notice anly difference be-
tween it and the whole beverage. The
results did not change when six_esters
with important olfactory contribution
were also omitted. Consequently, the
relative contributions of the individual
alcohols could not be studied.

Acids

In the acid fraction of the aroma
(Table 2) five acids (acetic, isovaleric,
caprylic, “capric and lauric acids) have
threshold levels lower than the respective
beverage concentrations. Isovaleric acid
contributes most to odor intensity in
spite of its small concentration. Acetic
acid with a tenfold concentration has an
odor unit value only 1/4 that of isovaleric
acid. Altogether 13 acids (acid mixture )

have insignificant odor unit values. The
mixture of five acids (acid mixture I11)
has an odor unit value higher than the
sum of the individual units. The relative
contribution of these five acids proved to
he %_reater than that of the whole acid
fraction. . _

When all the acids were omitted from
the synthetic whisky the panel gave only
10% correct judgments above chance. But
when the ester mixture Il was left out
in addition to the acids, they gave 30%
correct judgments, above chance which
represented” significant  differentiation
$R< 0.05) between the incomplete and

e whole beverages. When acetic acid
and one or two of the other four acids
(especially isovaleric and capric acids)
were substituted for the acid fraction, the
%anel no longer noticed the difference.

ut acetic acid alone or togiether with the
minor acids (acid mixture
sufficient as a substitute.

Esters

The ester fraction of the aroma (Table
3) contains six esters (ethyl acetate, ethyl

or 11) was not

Table 3—Ester fraction of artificial whisky model: relationships of
concentrations, threshold levels and relative contributions to total odor

Odor
reshold Odor  %of total

Concentratlgn th _
Esters mg/l % mgl  unit  odor units
Ethyl propionate 0.36 > 40 < 01
Ethyl-n-butyrate 0.10 0.15 0.7
Ethyl lactate 1.80 140 01
Ethyl myristate 0.57 > 57 < (1
Ethyl palmitate 140 >4 < (01
Ethyl palmioleate 1.90 10.0 0.2
Ethyl stearate 0.05 > 05 < 01
Ethyl oleate 0.10 0.87 01
Ethyl linoleate 0.10 045 0.2
Isobutyl acetate 0.21 340 0.1
[soamyl isobutyrate 0.10 0.25 04
[soamy! isovalérate 0.10 > 10 < 01
[soamyl-n-valerate 0.001 > 01 < 01
Isoamy! caproate 0.20 140 01
Isoamy| caprylate 0.17 0.60 03
Isoamy! caprate 0.50 >50 < 01
Ester mixture |

Total 17.70 6.0 0.63 12.0
3-Phenylethyl acetate 120 0.70 L7
3-MethyW-octalactone  o.22 0.051 43
Ester mixture 11

Total 140 10 016 8.9
Ethyl acetate 100 770 170 59
Ethyl caproate 08 07 0076 110
Ethyl caprylate 280 2o 0.24 12.0
Ethyl caprate 1.70 6.1 1.10 7.0
Ethyl laurate 550 45 0.64 8.6
Isoamyl acetate 260 20 023 12.0
Ester mixture 11l

Total 120 93.0 0.87 137.0

Esters Total 129 100 044  296.0

caproate, ethyl caprylate, ethyl caprate,
ethyl laurate and isoamyl acetate), which
have threshold levels below the ‘concen-
tration at which they are present in the
synthetic whlsk%. AIl these esters proved
to have nearly the same odor unit value-
about ten units. The sum of the individ-
ual odor unit values of these six esters is
also lower than the value of the whole
mixture (ester mixture I1I). Nevertheless,
the threshold value of this mixture is the
h|ﬂhest of the ester mixtures. [3-Phenyl-
ethyl acetate and (3-methyl-7-octalactone
have odor unit values higher than one
unit but the relative contribution of their
mixture to the total odor intensity of the
ester fraction is smaller than that of ester
mixture | where the threshold levels of
compounds are much higher than their
concentrations in the beverage. In general
the odor unit percentages of the ester
mixtures seem to follow their concentra-
tion percenta%es. The threshold level of
the whole ester fraction proved to ap-
proach the level of the mentioned six
esters with the exception of ethyl acetate,
the threshold of which deviated from the
others. _

When all the esters were omitted from
the synthetic whisky, the judgments
were 55% correct above chance, repre-
sentln% h|gihly 5|ﬁn|f|cant differentiation
ﬁ < 0.001)." The results were not
changed bK the addition of ethyl acetate
alone or the ester mixture | or*(3-phenyl-
eth¥_l acetate and (3-methyl-7-octalactonie.
If Tive esters of the ester mixture IlI
or ethyl acetate and three of these es-
ters were added, the proportion of cor-
rect judgments increased to 25-30%
(0.01 < p< 0.05) indicating a possible
sensory difference. When all six esters

were added, the percentagle of correct
juhdgments was only equal to that of
chance.

Carbonyl compounds

_The carbonyl compounds (Table 4) are
divided into two clear(lly separate groups,
one comprising acetal ehgde, propional-
déhyde, furfural and 2 3-pentanedione
with rather low odor unit values, and the
other comprising butyr-, isobutyr-, valer-
and isovaleralde Kde and diace Yl' which
all have very high odor unit values. The
threshold values of butyraldéhyde and
diacetyl are the lowest found among the
compounds studied. Both the threshold
level of the carbonyl compound mixture
[l and that of the whole carbonyl frac-
tion are near these very low threshold
levels. Is,obut*rald.ehyde has the lowest
odor unit value in "the carbonyl com-
ﬁound mixture 1 in spite of having the

ighest concentration. Furthermore the
sum of the odor unit values of the five
individual carbonyl compounds is lower
than the value of the whole mixture. The
odor unit value of the carbonyl com-
pound mixture | isabout the same as the



value of butyr-, or isovaleraldehyde alone.
The odor unit percentage of thé carbonyl
compound mixture Iis only one 30th of
the percentage of the main carbonyl
compound mixture II.

When the whole carbonyl compound
fraction was omitted from the synthetic
whisky, 58% correct judgments above
chance were received, which indicated a
highly significant difference (p < 0.001).
The re-addition of the carbonyl com-
pound mixture | did not change the
results significantly. When the three car-
bonyl compounds largest in guantlt (is0-
butyr-, isovaler- and valeraldehyde) were
re-added to the beverage, the difference
Wes Nno Ion?er significant. Furthermore,
the carbonyl compounds in smaller quan-
tities-although Iarqer in number—could
not substitute for the carbonyl fraction
of the aroma.

Avrtificial whisky model

Data on all the mixtures and aroma
fractions of the whisky imitation have
been collected in Table 5 to provide a
survey of the contribution of these mix-
tures  and fractions to the total odor
intensity. The threshold value of the
whole artificial beverage is nearest to that
of the ester fraction, and is about half-
way between the thresholds of the car-
bonyl compounds and the alcohols, being
a little closer to the level of the more
important carbonyl compounds with low
threshold values.

Both the odor unit values and the odor
unit percentages of the alcohols and acids
are about equal although the concentra-
tion percenta%e of the alcohals is 70%
and that of the acids only 11% Both

these fractions make a very small contri-

bution to the total odor intensity, their
united contribution being only” about
75% of the total odor intensity. The
concentration percentage of thé ester
fraction is only a little greater than that
of the acids but the odor contribution of
the esters is about eight times as high as
that of the acids and constitutes more
than a quarter of the total odor intensity
of the artificial beverage. The carbonéll
compounds, which constitute only 2.2%
of aroma components of the bevera?e
contribute more_than half of the total

odor intensity. The contributions of bu-

tyr-, isobutyr-, valer- and isovaleraldehyde

and diacetYI are especially high, amount-

ing to nearly half of the total intensity.
The next most important components
are the main esters (ester mixture 111),
the contribution of which amounts to
about one-fifth of the total odor in-
tensity, Further, the contribution of the
acid mixture I1I"amounts to 5%, but the
odor_unit percentage of the whole acid
fraction is smaller than the percentage of
these five acids. In the alcohol fraction,
isoamyl alcohol contributes nearly the
whole” proportion of the odor intensity
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of the fraction. The odor unit value of
diacetyl is quite near that of isoamyl
alcohol in spite of its low concentration.
The mixtures of the minor acids and
alcohols show only 0.1 i
tion to the total odor intensity but the

ester mixture | and the carbonyl com-

P_ound mixture | contribute about ten
imes as much.

0.1-0.2% contribu-

DISCUSSION

THE VOLATILE aroma fraction of whis-
ky consists of numerous components.
Nevertheless, it is becoming obvious that
not all these components can be equally
important in respect to sensory evalua-
tion. Investigations have furthér shown
(Guadagni et al., 1966b) that knowledge

Table 4—Carbonyl compound fraction of artificial whisky model:
relationships of concentrations, threshold levels and relative contribu-

tions to total odor

Carbonyl compounds ~ mg/1

Acetaldehyde 2.80
ProPlonaI éhyde 0.48
Furfural 1.10
2,3-Pentandione 0.12
Carbonyl mixture |

Total 450
Isobutyraldéhyde 8.00
n-Butyraldehyde 0.56
Isovaleraldehycle 2.50
n-Valeraldehyde 1.20
Diacetyl 0.60
Carbonyl mixture Il

Total

Carbonyl compounds
Total 17.40

_ Odor
Concentratlg/n threshold  Odor  %of total
0

mg/L  unit odor units
160 120 2.3
28 200 0.2
64 580 0.2
0.7 0078 16
260 025 180 21
460 130 6.2
32 0028 200
140 012 210
70 011 110
35 0020 300
740  0.024 540 82.0
100 0.027 660

Table 5—Synopsis of data on aroma constituents of artificial

beverage imitating whisky

Odor
threshold  Odor  %of total

_ Concentratign ( _
Constituent my/1 % myl  unit odor units
Alcohol mixture | 7 92 350 21 02
Alcohol mixture I 265 326 530 50 04
Isoamyl alcohol 232 28.5 6.5 360 32
[3-Phenylethyl alcohol 43 05 75 08 01
Total alcohols 576 708 127 450 40
Acid mixture | 49 06 64 08 01
Acid mixture Il St 07 L7 33 03
Acid mixture Il 7190 98 14 570 51
Total acids 9.0 111 23 400 35
Ester mixture | 710 063 1220 11
Ester mixture |1 14 02 016 89 08
Ester mixture 1l 1200 147 0.87 1310 12
Total esters 1290 159 044  296.0 26.0
Carbonyl mixture | 45 06 0250 180 16
Carbonyl mixture Il 129 16 0024 5400 48.0
Carbonyl compounds 174 22 0027 6600 580
Total beverage 813 100 072 1130
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of the amount of a volatile component is
not sufficient to tell how much a particu-
lar component contributes to the total
aroma ot a product. The determination of
the odor threshold levels of individual
components and some mixtures made it
Possmle to estimate the contribution of
he components and mixtures to the total
odor intensity. o o
_ The threshold determinations of indi-
vidual components of a synthetic whisky
imitation indicate that many acids and
alcohols but also some esters and two
carbonyl compounds make a low contri-
bution "to the total odor intensity. More-
over, there are_comgonents with rather
high concentrations but also rather high
threshold levels, e.g., propyl and isobutyl
alcohols and acetic acid, whose contribu-
tion to the total odor |n_ten5|t¥ is also
slight. A third grouP consists of compo-
nents with rather low threshold levels,
whose concentrations are also so low that
their contribution is not particularly im-
portant. Examgles are decyl and_dodecyl
alcohol, ethyl butyrate, isoamyl isobutyr-
ate and 0-methyl-7-octalactone. On the
other hand, the threshold determinations
revealed components, especially the car-
bonyl compounds, which make a very
important contribution to the total odor
|nten3|t1y despite their small concentra-
tions. These findings regarding different
types of components are in ‘agreement
with the flavor threshold values of Harri-
son (1970), taking into consideration the
differences in the composition of beer
and whisky.

The threshold values merely represent
the situation when a compound is alone
in @ medjum, here a solution of rectified
grain spirit and water, However, the
aroma of an alcoholic beverage is typi-
cally a mixture of many components, and
moreover, the quantities and the relations
of these components can vary. within
certain limits ‘without any considerable
change in the total aroma (Sega et al,
1967; Suomalaingn and Nykanen, 1970).
The results indicate that the J)repared
whisky imitation can be mixed with a
Scotch blended whisky without any 3|Ig-
nificant change in the whisky aroma. In
view of these findings it can’be assumed
that the relative contributions of, and the
interactions among the aroma compo-
nents and their mixtures revealed by this
synthetic whisky model, reflect the’com-
position of the aroma intensity in original
whiskies. _ _

An examination of the relative contri-
butions of the aroma constituents to the
total odor intensity indicates that the
esters and carbonyl’ compounds contrib-
ute the greatest ‘part. Especially some
carbonyl compounds with the quantity
proportion of 1.6% (butyr-, |sqbut¥r-,
valer- and |sovaleralde_h?4de and diace yIJ
and a few esters with the combine
quantity proportion of 15% (ethyl ace-

tate, ethyl caproate, ethyl caprylate
ethYI caprate, ethyl laurate, and Isoamy
acetate) may be “considered to consti-
tute the core of the total odor intensity
in a beverage like whisky. This does not
mean that these components alone can
create the harmonious, mellow aroma of
whisky, but their contribution to aroma
intensity is considerable. The contribu-
tion of the carbonyl compounds is great
in relation to their”concentration. Never-
theless, the observation that three main
carbonyl comgounds could substitute for
the whole carbonyl fraction may indicate
the homogeneity” of the carbonyl frac-
tion. A fixed total quantity of pungent-
smelling carbonyl compounds seems to
be necessary for the complete whisky
aroma regardless of which these carbonyl
compounds are. In the ester fraction, al-
together six main esters were needed to
substitute for the whole ester fraction.
This finding may indicate that the aroma
of the ester fraction is_richer and fuller
than the carbonyl fraction with its sharp
and pointed aroma. It may also be noted
that those six esters constitute so great
a proportion of the ester fraction, both
quantitatively and from the standpoint of
odor, that the effect of the other esters
on the odor intensity necessarily remains
rather small.

The combined contribution of alco-
hols and acids is rather low, amounting to
less than Ifio the total odor intensity
although the concentration of the alcohol
fraction is fully 70%. Because the omis-
sion of the alcohol fraction produced no
detectable difference to the total intensi-
ty of the whisky imitation, the contribu-
tion of isoamyl alcohol also remains low
in spite of its high individual odor unit
value. jJ-Phenylethyl alcohol has no note-
worthy effect’on the total odor mtens_ﬂz
in thé concentration used here, whic
usually correslponds to that in Scotch
whiskies. The lowness of its contribution

artly explains the findings of Sega et al.
1967) that variations in the amounts of
5-phenylethyl alcohol had no effect on
he flavor of beer. The same observation
also applies to ethyl acetate in the ester
fraction.

In the acid fraction, it is interesting
that the contribution of the main acids
(acid mixture III) to the total odor
Intensity is greater than that of the whole
acid fraction. The contribution of these
five acids thus decreases when they are
mixed with the other minor acids.” It is
also noteworthy that these five com-
pounds are the “only acids present in the
artificial beverage at' concentrations above
their threshold " levels. Baker (1963) no-
ticed synergism with an aqueous mixture
of eight orqanlc compounds on equivalent
threshold Tevels, but Keith and Powers
(1968) concluded that sub-threshold ad-
ditive ‘effects are not common. In view of
these findings and the results of this

study, it seems that suppression of olfac-
tory” stimulation may ‘occur in the acid
fraction, i.e., the odor of the combined
comf)onents is less than that which would
result from direct addition. With the
mixtures of volatile aroma compounds
whose concentrations exceeded their
threshold levels, e.g., the carbonyl com-
pound mixture 11 and ester mixture I,
clear synergism was observed, while an
additive effect seems more probable only
in the mixtures composed of few compo-
nents, e.g., the mixture of isobutyl and
opt.actamyl alcohols. The mixtures of
the components with sub-threshold con-
centrations, especially the mixture of 13
minor acids Eamd mixture 1), show no
additive effects but without exact thresh-
old values it is difficult to say an¥th|ng
certain about possible suppression effects.
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BIOCHEMISTRY OF TEA FERMENTATION: PRODUCTS OF THE OXIDATION
OF TEA FLAVANOLS IN A MODEL TEA FERMENTATION SYSTEM

INTRODUCTION
FRESH GREE converted to

TEA leaf i |%
tre. acroteeaso?é%%mmer yl_% manurac-
gglglarfer $whrr(:F de enp% r]ar?
ea

0Xldatlo £d

g R
%s [g %he t a t i

10 ments

ﬁg& % (? 9&? urate
OU ancerson ‘ £ reac-

rha nof

e“ﬁt e & 5 w
R}% remain un ert Clar
SItUEﬁlOH an mges fﬂ% lon Was ca re
SEVEr; |nat|ons 0 tea

avanols were oxidized In a 0 e tea

ermena ssemsothtre ations
?ackytea constit en S an lh«ge

&regburs% "tlhenrsesu S ot‘ t‘hs mvestrlrier

%'%Sarrrﬁ? Bl By Ncgaie o Tor

D

EXPERIMENTAL

Fresh tea leaf

Fresh tea leaf-i.e., rapidly Ogrowrng shoot
trps consrstrn(% of the a ical bud, the first two
leaves, and the Includ e sfems-was procured
from tea plants (n;rowrn In_an experimental
garden (Co'and Sandersort, 1970).

Flavanols i i
ECG, EGC, and EGCG were extracted from
fresh tea Ieaf materral separated% c%romato
Eurr fied bﬁ cr?/stallrz%tron in our
ato using previaUsly reported. procedures
{Cnand anderson, 1970), gAbbrevr trons used
N this Paper are summa d In Ta
were urc sed. from Mann Research
d Pierce C emri Co,, res ectively.
fIavanos were all recrystallized fro
water and were found to be chromatographi-
cally pure before use.
['other chemicals were of A.R. grade.

Soluble tea enzymes preparation

This preparatron was made according to

res described and Sanderson
Pg uand Sandlerson ?i/%ztg

Modk! tea fermentation system

The oxrdatrons were carned out in Aacketed
react|on vessels held eans, of
clrculating water bath The reactron mixture
e up as follows: The tea( flavanols were
werg info the reaction flasks in amounts

which would {08%05eMa h

concentratron

Hal total flavanol 12,000 x Gat0°C.

e flavanols were ~ 'The same procedure was followed in the

aways at equal molarity when _mixtures of study of the dynamics of the oxidation of EC

favanols wer used as su str
were then com letely disso P
grtrate Iphosp ate hufter, about 0.IM, EH 54 lengths as indicated in Table 2.

omari

The oxidatjon reacti
tarted by ad ing 1.0_ml of the_ solu

ates Thefavanols and/or EGCG except. that the reaction was
ved in 10 ml stopped after oxidation periods of varying

Te V¥S‘§ Chromatography of reaction products

enzymes prepara lon. The enzymrc oxidation After methanol treatment and clarification,

vY]as cont|nued for 30 min

the reaction mixture was aerate contrnuou
T}é stirring vigorously WI'[h d maugnetrc strrrer
g In

during which trrne oxidized  reaction mixtures were taken to
%ness in a rotary dacuum evaporator at a
perature not_excCeed The residues

reaction was stolpg Q/ were |ssolvd |n 1 m water 0.5 ml of
methanol to the reaction mixt re P Tcrprtatron butanol, an of et] ayI acetate. The
of the enzymes was ensured by placing the ?Iganrc ayer o te two-phase sst m  that

methanoli¢ "reaction mrxture in“an ice water

ms con arns most of the polypheno Ic mate-

ath for 10 min. Finall %u the reaction mixture nal resent

was clarified by centr

ging for 15 min at 40 ¢ aliquot of the organic layer was

Table 1—Probable relationship between oxidation products described in tea fermentation
oxidation products found in this investigation and those reported by Roberts (1962) and by

Nakagawa and Torii (1965)

Desrﬂn_atron
- this Nakagawa and
Name of compound investigation Roberts (1962) Torir (1965)
-)-Epicatechin (1) EC 2
-)-Epicatechin-3-gallate (1) ECG 6
Eprgallocatechrn (1) EGC 1
Cprgallocatechrn -3-gallate (1V) EGCG 5
atechin (V Cat 4
heaflavrn ) TF X X
Theaflavin gallate A VII? iy
Theaflavin %allate B(VII) > TFG Y k
Theaflavin digallate (1X) ) ( ¥
Bisflavanol A X? A A A
Bisflavanol B ] B B B,II(?)
Bisflavanol C (XI1) C C C
Gallic acid (XI11) GA 7 1
Epitheaflavic acid (X]V ETA
S%alloyl eprtheaflgvrc acrd (XV) ETAG % Q Q
Ellagic acid EA :
Unknown P 37 _ P - 12,18,20,21
(tricetinidin?)
Unknown R 36 R 1322
(flavanotropolone?)
Unknown Z VAR 1423
(like ellagic acid)
Unknown D 16,17 D 15,16,17,24
Unknowns 15,30,31,33 15,30,31,33
Thearubigins, Rf = 0-0.5 Sa i Sia,Si,and Su S
Thearubigins, Rf=0-0.7 SB
Thearubigins, Rf =0-1.0 SC 1
Thearubigins, Rf = 0.3-0.7 SD 1
Thearubigins, Rf =0.5-1.0 Se 1
Thearubigins, Rf=0.3-1.0 SF ]
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spotted on Whatman No. 1 paper. The chro- CH
mat? rams wer(i developed descendingly using
the t0llowing solvent systems:

12t d|2r ction:  butanolfacetic acid/water

nd direction: Zpacetic acid -
The dried chroma_tograms were viewed un- HO o
der visible and ultraviolet light before and after
fumm%vwnh ammonia vai)ors, and all detected “H
spots were marked. Developed ¢hromatograms OH
Wﬁlre gg)%egs &n atsol,unonf of, 0.25%0 fe]gtrlc ?H
chloriag-0.25% potassium  ferricyanide after in" R= R' =
which the we_repw?shed twice |¥1,~ 30 mM ()" () Epicatechin; R R _H
hydrochloric acid followed by a third wash in (1) (2) Eglcatechm allate; R = H,
water. This process produced chromatograms R"= 3,4 5-trihydroxybenzoyl
on which the flavanols and their oxidation (111) () Epigallocatechin; R=OH,R'=H

) 1) (9
roducts were visualized as blue spots on a . .
Bermanentwhite background, P (V) (5 _Eglgalloc_atechm allate ;R=0H
R" = 3,4,5-trihydroxybenzoyl

RESULTS & DISCUSSION MM
VARIOUS COMBINATIONS of the ma-

jor flavanols found in tea leaves—namely, OH
e e G ;
-gallate , (-epigallocatechin - HO
EGC, HI), (—)-eplgaﬁloca&%|n-3-([qallate o R
EGCG, IV) and (+)-catechin (Cat, V)-
were oxidized in a model tea fermenta- ““OR’
tion system to determine which of these H
compounds were precursors of the vari- OH

ous polyphenolic compounds present in (V) (+) Catechin

Table 2—Summary of reaction products founda in a model tea fermentation system oxidizing

EC and/or EGCG. (See Experimental section for conditions used)

. Phenolic compounds present in reaction mixtures
Oxidation

period N _ Bisflavanols
(min) EC  EGCG GA  TFG Thearubigins Streaking 3L A 17
Experiment A:  Substrate = EC only

0 +++

5 +++ ; N

10 ++ S +

155 ++ +SA +

20 + +(SA

40 - +(SA

60 - + S

140 - ++(SA

'ixperiment B Substrate = EGCG only

0 Tt - - tr r - -
5 ++ + +HSC oo+
10 + + +(S Ht M+ L
15 + + _H_(Sci H+  tHH H O+
2 t +H +4(5 FH O HH 4
40 - +H ++(Sc H o H ot
60 + +++(SB ++ + + +
140 t +++(SB HoOO+ o+ 4+
Experiment C: Substrate = EC + EGCG

0 H+ ++ - - ++ ir -
5 HE o H + + ¥SC H o+ o+t
10 +H+ +H + -H +SC H+ ot H ot
15 + + + +H +4(SC o H H o+
20 + — + HE S HE L H 4
40 + - + ++ ++(Se H - + .
60 + . - + ++4(S + - -
140 - - - - +++{SE§ t - = -

aQuantitations indicated are estimates of spot intensities on paper chromatograms. Key to
abbreviations used: +++ = dark spot; ++ = medium spot; + = light spot; tr = trace spot; —= no spot.

black tea. Oxidation products formed in
this model tea fermentation system were
determined by paper chromatography of
the reaction mixtures. A composite dia-
grammatic rePr_esent_atlon of "the chro-
matograms obtained is shown in Figure 1
The striking similarity between this com-
posite chromatogram and similar chro-
matograms prepared of black tea extracts
(see figures given by Roberts, 1962)
suggests that the reactions studied in this
mvestlgfatlon represent a significant por-
tion of those taking place in tea leaf
during the conversion of fresh tea leaf to
black tea. _
~ The results of these studies are summa-
rized in Table 3, and the relationship
between the substances identified in this
investigation and investigations carried
out by Roberts (1962) and by Nakaqawa
and Torii (1965) are shown ‘in Table 1
The following generalizations which can
be made on the basis of the results of this
investigation are noteworthy: First, the
epigallocatechins. EGC and EGCG are
more readily oxidized than the eplca_te-
chins EC and ECG in agreement with
results regorted earlier by Roberts and
Wood (19 0]. In the experiments summa-
rized in Table 3, the reaction period was
chosen so that some of the substrate
material would be remaining at the time
the reaction was stopPed. Under these
conditions, the epigallocatechins com-
pletely disappeared, whereas residual
amounts of the epicatechins remained
unoxidized. However, as will be described
below, it was shown, in other experiments
that the eﬁlcatechms were completely
oxidized wnen the reaction period was
extended. .
Theaflavins (VI-X) were found in
oxidized model tea fermentation systems
which had contained the approEr]at_e fla-
vanols. The results obtained in this inves-

Ist Direction:
Butanol - Acetic Acid - Hater (4:1:2.2)

EA_ 35 36 3 __ TR o
)

- —— -

C 5] s -\G_‘j_"?“m

2nd Direction:

4—————— 2% Acetic Acid
0
w
S
20
&
=3

Fig. 1—Composite of chromatograms of oxida-
tion products formed in model tea fermenta-
tion systems. (See text for experimental details.

Key to abbreviations used is given in Table 1.)



Model tea
fermentation
system no.

1

o O B~ W N

10
il
12

13
14
15
16

17

18

19

20

pal

22

23

24
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Table 3 —Oxidation products found in a mode! tea fermentation system containing various combinations of tea flavanols

Flavanols® added
to reaction
mixture s
substrates

Cat
EC
ECG
EGC
EGCG

Cat
EC

Cat
ECG

Cat
EGC

Cat
EGCG

EC
ECG

EC
EGC

EC
EGCG

ECG
EGC

ECG
EGCG

EGC
EGCG

Cat
EC
ECG

Cat
EC
EGC

Cat
EC
EGCG

Cat
EGC
EGCG

EC
ECG
EGC

EC
ECG
EGCG

ECG
EGC
EGCG

EGC
EGCG
EC
Cat

ECG
EGCG

Flavanols
remaining
in system
atend of
reaction
period

+
+
+

+ + -+

<+

+ 4+ 4

+ + 4+ + 4+ 4+

o4 4

Theaflavins

TF
TF.TFG

TFTFG
TFG

TF

TF,TFG

TFG

TFG

TR.TFG

TFG

aKey to abbreviations used is given in Table 1.

Epitheaflavic
acids

New phenolic compounds formed

Bisflavanols

> O

ABC

BC

BC

Others
16,17

EC.GAEA
15,30,36

GA, 31
17

EC
15,17,30,36
EAL731
GAEA
15,30,36
GA

GAEA 15,33,35
EC,GAEA3L
GA,15,31,33,36
EA LT

15,17,36

17

15,17,33,36,37
GA,EA 15,33,35,36
GAEA3b
EC,GA33,36
GA,15,33,36

GA

Thearubigins  Streaking

SB

SA

SC

sC *
SB -
SE -
SD

SB +
SC

SA

SB +
SC

sC *
SD +
SC

SB

SB

D ¥
F

SC *
SC ¥
SB *
SC +
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Table 3 —Oxidation products found in a mode! tea fermentation system containing various combinations of tea flavanols {Continued)

Model tea
fermentatio
system no.

2%

26

21

28

29

30

n

Flavanols
remaining

Flavanols“ added in system

to reaction
mixture as
substrates

Cat
EC
ECG
EGC

EC
ECG
EGC
EGCG

ECG
EGC
EGCG
Cat

EGC
EGCG
Cat
EC

EGC
EGCG
Cat
ECG

EGCG
EGC
ECG
Cat
EC

atend of
reaction
period

+
+
+

+
+

New phenolic compounds formed

aKey to abbreviations used is given in Table 1

OH
(V1) Theaflaviri; R=R"=H
(V1) Theaflavin gallate A;
R=H;R,=3,45- trlhydroxybenzoyl

(VIII) Theaflavin

R=3

tigation (Table 3?]
formation of t

reactions
sistent wi

{

lﬂallate B;
A4.5-tri

R'=3,45-

h  the reaction

ydroxybenzolyl;R*:H
(1X) Theaflavin di%ajlate;
rihydroxybenzoyl

are consistent with the
eaflavins according to
) through (4) which are con-
given for the

formation of theaflavin by Takino et al.
(1964):

Epitheaflavic .
Theaflavins acids Bisflavanols
TFTFG + C
TF,TFG + B,C
TF,TFG + B,C
TF 8C
TFG + ABC
TF,TFG + B,C
(1) EC (1) + EGC (|||%+ 312 02 eoeme-
Theaflavin (V1) + C02
+3202 -

) EC ( )[+ EGCG ( IVI)
heaflavin gallate A (VII) + C02

(3) ECG (1) + EGC (111) + 3/2 02 reeme-—
heaflavin gallate B (VIII) + C02

4) ECG (I1I) + EGC_G(S!V) +3202— -
heaflavin digallate (1X) + C02

The three theaflavin gallate compounds
predicted b
solved by Nakagawa and Torii (1965),
and they have been isolated and fully
characterized by Brﬁce et al. (1970) and
by Coxon et al. (1970b

The bisflavanols A, B and C were
formed (Table 3), as expected according
to reactions (5), (6) and (7) (Roberts,
1962; Vuataz and Brandenberger, 1961):

(5) 2EGCG (IV) + 1/2 0 2 -
Bisflavanol A X + H20

(X)
(6) EGCG (IV) + EGC (II1) + 1/2 02
Bisflavanal B (X1) + H20

(7) 2EGC (1) +1/2 02

Bisflavanol C?X 1)+ H20
These bisflavanols haveb een fully’charac-
terized by Ferretti et al. (1968).

these reactions were re-

Others Thearubigins  Streaking
11 SD -
GA,15,33,36 sF t
EC,15,33,36 Sp ;
15,17,33,36 SB +
EC,15,31,33,36,37 Sp ¥
31,33,36,37 Sp ¥

(X) Bisflavanol A;

R = R"=3,4,5-trihydroxybenzoyl
(X1) Bisflavanol B;

E': 3|_,I4,5-tr|hydr0xybenzoyl;

(XII) Bisflavanaol C;

Deesterification of the ?allated fla-
vanols, ECG and EGCG, in these model
tea fermentation systems was evidenced
by the detection of gallic acid (XIII) in
most of the oxidized model s¥stems
which had contained one or both of these
flavanols (Table 3): Similar results were
obtained with model tea fermentation



OH

HOOC OH

OH
(XHI) Gallic acid

HO

OH
(X1V) Epitheaflavic acid; R=H
(XV) 3-Gallo%l epitheaflavic acid;
R = 3,4,5-trihydroxybenzoyl

systems by Nakagawa and Toni (1965),
and free ‘gallic acid was shown to be
formed in whole tea leaf systems under-
oing tea fermentation by” Roberts and
yers (1959). Accordingly, it was to be
expected (Berkowitz et™al, 1971) that
ei)ltheaflavw acids (X1, XV: Coxon et
al., 1970a; Bryce et al., 1970) would be
formed when” one of the epicatechins
(either EC or ECG) and a gallated fla-
vanol (either ECG or EGCG) were present
in the model system according to the
following reactions:

(8) EC (I) + GA (XI11) +3/2 02 -
Epitheaflavic acid (XIV) + C02
12

(9%ECG (I|)+_GA§XII_I)+_3 02
-Galloyl-epithearlavic acid (XV) + C02

These reaction products have been fully
characterized by Brgce et al. (1970) and
by Coxon et al. (1970a). When no epi-
theaflavic acids were detected even
though the potential to form these com-
pounds existed in the model system, it
was assumed that the epitheaflavic acids
had been transformed to_ thearubigins
(Berkowitz et al., 1971). The readiness
with which the epitheaflavic acids are
oxidized to thearubigins probabl¥ ac-
counts for their presence in black tea at
only low levels (Collier and Mallows,
1971; Bryce et al., 1972). ,

Thearublglns were formed (Table 3) in
model tea fermentation systems by the
oxidation of the individual tea flavanols
(with the possible exception of EGC) and
all combinations of these flavanols. These
results show clearly that thearubigins are
not necessarily formed from theaflavins
as had been “proposed earlier (Roberts,
1962). The structure of the thearubigins
has not been accurately determined al-
though it has been shown by Brown et al.
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(1969a, b) that the thearubigins are poly-
meric proanthocyanogens.

Streaking (Fig. 1, Table 3) was charac-
teristic of all chromatograms of oxidized
model tea fermentation systems which
had contained EGCG. It is noteworthy
that this streaking is also characteristic of
black tea extracts, =

Some “other” unidentified tea fla-
vanol oxidation products were noticed
(Table 3). Examination of the results
summarized in Table 1 shows that the
following  relationships exist between
these oxidation products and the tea
flavanols:

(10) Cat. (V )—romrem _

Unknowns 16, 17
(11) EGC (111)

Unknown 31

(13) ECG (I1) + EGC (111)--=--- -
Unknown 35

(14) Cat. (V) + EGC (I1) + EGCG (IV)-—
Unknown 37

The aforementioned results were ex-

tended in a study of the dynamics of the
oxidation of EC and/or EGCG: These
articular tea flavanols were chosen for
heir availability and their involvement in
the formation of TFG, reaction (2). The
results of this study are summarized in
Table 2. -

It was found that the exact position
and extent of the thearublgms streak on
gaper chromatograms varie (FI(}]. 1, Ta-

le 1) depending. on which tea flavanols
were “being oxidized in the model tea
fermentation system when the oxidation
period was fixed. However, these thea-
rubigins streaks all intergraded, and they
tended to merge into a single thearubigins
streak with lower Rf values as the oxida-
tion period was extended. In separate
experiments with several of the model tea
fermentation systems, it was shown that
after very Ion? oxidation periods, i.e.
about 6 hr, the onlg extractable and
chromatographable substances remaining
in the reaction mixtures were thearubi-
gins with Rf values rangmg from 0 to
<0.1 in BAW solvent. It is noteworthy
that the rate of change in these model tea
fermentation systems declines sharPIy
when the supply of unoxidized tea fla-
vanols is depletéd (Table 2) as has heen
shown previously g oxon et al., 1970b).

The ‘results of this investigation indi-
cate that the thearubigins are a heteroge-
neous mixture of oxidation products Qe-
rived from the oxidative condensation of
all the tea flavanols present in the tea
fermentation system. This view is consist-
ent with the” work on the chemical
characterization of the thearubigins
which has been carried out by Brown et
al. (1969a, b). Further, the results of this
investigation ‘suggest that the thearubigins

themselves undergo continuous further
oxidation and polymerization as the tea
fermentation process proceeds. The find-
ing (Millin et al., 1969) that tea pigments
increase in molecular welght_on a?mg in
solution is probably a reflection of these
same changes in thearuqus,

It is noteworthy that virtually all of
the known black tea pigments (Roberts,
1962; Sanderson, 1972) were found ﬂTa-
ble 3} to be formed from the five tea leaf
flavanols in the model tea fermentation
sKstem studied. In fact, it appears as
though the only enzymic reaction which
takes place dur|m[1 tea fermentation is the
oxidation of the tea flavanols which leads
to the formation of the black tea p|gment
system and modifies the taste of the tea
|eaf infusions gRoberts, 1962; Nakagawa
and Torii, 1965; Berkowitz et al., 1 71?.
The black tea flavor appears to be largely
developed as a result of secondary oxida-
tions involving amino acids, carotenes,
and other, as yet unelucidated, flavor
precursors and ‘oxidized flavanol mole-
cules which act as_oxidizing agents (Co
and Sanderson, 1970; Sanderson et al.,
1971). Sanderson (1972) has recently
reviewed the evidence for these reactions.
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THE VOLATILE CONSTITUENTS OF OIL OF THYME

INTRODUCTION

IN A SUMMARY of research into the
identification of compounds present in
thyme essential oil, Guenther (1949)
credited Lallemand with the first work on
the oil in 1853, in which thymol was

identified as the main constituent. Guen-

ther stated that further work on the oil
was somewhat ambiguous because no
clear distinction was made among th){me
oil, origanum oi] and other. species, all of
them being similar and belnq designated
simply as “thyme oil.” To alleviate con-
fusion caused” by lack of knowledge of
the precise source of an oil, Guenther
defined thyme oil. thymol type, as “oil
contalmn? 63—74%
sist mostly of thymol.” Later work by
Messerschmidt (1964) con%ernlng
ences between the oils of T 3/ us vulgaris
L and those of T. pulegioides L. |nd|
cated that defining thyme oil in this
manner was, reasonable as only minor
differences in the essential oils were
observed, other than differences in total
ail content.

phenols which con-
iffer-

Guenther also stated that the presence
of the foIIowmgi compounds had been
established: amyl alcohol, |3,7-hexenal, a
terpeneS) with” carrot-like odor, 1ap|
nene, )3-pinene, camphene, p-cymene,

7-terpinene, linalool, 1-borneol, terpinen-
40I ?eranlol thymol, carvacro| and a
phenol(?), caryaphyllene, asesqunerpene
and a sesquiterpene alcohol( ).

More recent studies have relied heavily
on methods of |dent|fy|n([; compounds.
Ikeda et al. (1962) reported 12 mono-
terpene hydrocarbons present in thyme
oil on the hagis of retention data, and also
gave their relative concentrations. Schratz
and Wahlnt; (1965), |n thelr com %nions
of chromatograms of Thymus SerB
samples prepared by dlstlllatlon and by
extraction methods, demonstrated the
presence of many trace volatiles.

Messerschmidt (1964) identified 13
compounds on the basis of enrichment
retention techniques and formation _of
chemical derivatives of compounds iso-
lated from the oil. Messerschmidt (1965%
also reported the identification of 1

Table 1—Compounds identified in thyme essential oil

Identification
Peak no.a Compound methodb
1 tricyclene IR
2 a-pinene IR
3 camphene R
4 [3-pinene RT
6 m reene IR
1 a-terpinene IR
8 limonene IR
9 1,8 cineole IR
10 7-terpinene IR
1 Pc ymene IR
15 rans sabmene hydrate MP, IR

16 linalool IR
17 fenchyl alcohol R

18 pinocarvone MS, IR, SYN
19 I-terpinen-4-ol IR

20 carvacrol methyl ether MS, IR, SYN
2 caryophyllene IR
22 trans-pinocarveol IR
23 a-terpineol IR
24 borneol IR
25 ([qeranyl acetate IR
2 hymol IR
28 carvacrol R

“Ple{ak Inﬁnkger of eccotne rr(])n M\ dmato ram%shw(anssné Fi %emz

UV UItrz%vw ?sp ctrum; S %he%? E+ etention Time and

other compounds on the basis of gas-
liquid and thin layer chromatographic
data. He found the d|st|ngU|shhng charai-
teristic between the oils of Thymus vul-

gars and T. z ygzls to be the thymol

methyl ether content, the former species
contalmn({ an appreciably Iarg gropor
Bl(%n/)of his compound” (1.4—=2.5% vs
3%

This paper presents the results of an
investigation of the volatile constituents
of oil of thyme.

EXPERIMENTAL

Apparatus
Initial separatlon of com onents for |den-
|f|cat|0n was made usm anan erograp
1520 ¢ romatograp Be with
3 ass c mns pac ked W|th
ar owax 60-80. mesh
Chro os dr% Af termal ondu }lwty B-
tector and helium flow rateo 40m min were
used, Final se aratlons uness qtherwise Indj-
cated, were made using a Varian Aerograh
Sertes 200 Instrument equipped with a th
condu?tlvny detector and a 10, ft x_0.375 in.
D glass “column_packed with 3% (wiw)
SF96 OH on.60—80 mesh Chromosorh G oper-
ated wit hellum flow rate of 60 ml/min.
Tricyclene and a gnnene were  separated
using a 25 ft X0.125 in._OD glass_column
gacked with 3% (wiw) Carbowax 20M on
0-80 mesh Chromo?orb G in_ the Vanan
Aerograph. A helium tlow rate of 25 mlimin
was Used and the oven temperature was held
|sothermal 3
|mone e and. 1,8-cineole were separated on
a 20 1t x 0.125 in. glass column packed with
25% (wiw) Apiezon L on 60-70  mesh,
DMCS-treatéd, Chromosorh. G. The col-
umn was fitted into a modified Beckman
thermotrac mstrument equped with Carle
Micro-thermistor detectors. A’ similar column
8acked with 25% (w/w) Carbowax 20M on
0-70 mesh Chromosorti_G column was used
& the reference column. The helium flow rate
\Q/as 25 ml/min and the oven temperature was

E uted fractlons were trapged in thin waIIed
Iasg apil %nesas described by Jennings et al
an mfrareds ectra were takefi on thin
etween NaCl gates on a Perkin-Elmer
Moe 257 Infrared ectroBhotomTter fitted
with a 5x beam condenser. Ultraviolet spectra
were measured with a Beckman DB-G Spectro-
hotometer, using 95% ethangl as the solvent
ass Spectra were obtalned with a Varian M66
Mass Spectrometer b msTrtln the capillary
coIIectl n tube used f?r collect %the samples
directly into the sameve inlet system. Accurate
mass determinations Were made using a Varian
V/-5560 reference Kit.

Materials and procedures
Components identified were all isolated
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from thyme essentral oil, except, sabrnene

hK rate. ‘A sample of thyme esse tra or was
tained from Fritzsche, Dodge a ott

New York, Collections . were mae in t

walled. ca |IIary tubes, usin n] mHectrons of
}he ol linear ro rammi v(e/ C/min
rom 752 °C.. Programming was_begun im-

mediately after |n ection. Attenuatron on the
Instrument was X |

Further separations were made by repassrnlq
each fraction through at least one”other col-
umn. Apﬁroxrmately 8 Ju MeCI2 were us%
transfer the fractiorss from the capillary tube to
the, column. ‘The Instrument was f ramme
at 2°Clmin from 50- 1?0 C, or until the
attern mdrcgted that [l the components i t e
ractron had been eluted.

[dentifications were made on the lfasrs of
retention data, mass spectral, ultraviolet and
Infrared spectroscopic data, and physical prop-
erties, Infrared Pectra of all ofthe compounds
Identified except (3-pinene and sabinene were
compared with published_ reference spectra as a
means of final identification. Mass spectral and

V data were used In the process of identifica-
tion to indicate possible structures. Retention
ata were used to Indicate the presence of
3-pinene, as 1ts low concentration in the_oil
R/recluded Infrared spectroscopi¢c confirmation,
etrn pornt and retentron data were used

ﬁ { ﬂ) Jator entrfytr ns-sabinene
te (Russe Jennings, 1 j
Samples of meth I ethers of thymol and

carvacrol synthesrzed using microscale equip-
ment, provided authentic materials for use In
|dent|fy|n components by Infrared spectros-
c0 retention data. The ethers were
gr ared using thymol and carvacrol which had
een coIIecte from the essentjal oil usrng the
Carbowax 20M preparative column. J)dproxr
mate% 3 pr of the phenoI were reacted with
& l” %oncentrated KOH.
Atter the mixt as refluxed 30 min, the
methy ether was extrﬁcted with 2 ml pentane.
portion of the pentane solution was
mgect onto the % ftx 0.375 |n. OD
I 58 ) column and the reaction product was
collecte

Prnocarvone was synthesized b reactrng a
few mill] rams? [Ernene oxrde 1, Aldrich
with a 2% so utro of Trba ri-isop rog
aluminum, Texas A h) in Nexane, under
nrtrOﬁen After 1 hr, the reactjon was guenched

the addition of 'ice. The hexane [ayer was
réacted at ambient temperature overnight with
MnQa to xrdrze the carY]eoIs %3 to pinocar-
vone (3), (see F uct was col-
lected " from the reactant mrxture bg pre ara
tive gas chromatography and IR, M
B%Egtsra were obtained” for comparatrve pur-

RESULTS & DISCUSSION

[dentification of volatile constituents

Figure 2 shows a chromatogram of 0.7
M of thyme essential oil on the Carbowax
20M glass column in a Varian Aerograph
1200 ‘instrument with a flame ionjzation
detector. The compounds identified are
listed in Table 1

Peaks 1 and 2 were identified as
tricyclene and a-pinene, respectively. Tri-
cyclene was identified by comparison of
ifs infrared spectrum with that obtained
from an authentic sample of tricyclene

(Aldrich Co.) and by comparison with the  that of Mitzner et al. (1965).

Infrared spectrum of Takeshita and Kita- [3-Pinene (peak 4), a minor component,
jima (1956). a-Pinene was identified b?]/ was tentatively identified by retention
comparison of its infrared spectrum with  data. The presence of a-pinene indicated

RECORDER RESPONSE
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Fig. 1—Synthesis of pinocarvone.
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Fig. 2—Gas chromatogram of volatile components of thyme essential oil.
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Fig. 4—Infrared spectrum of carvacrol methyl ether.



the possible presence of 0-pinene in the
ail; and identical retention data on dis-
similar columns, and enrichment from an
authentic source QK,&K Lab) were used
for confirmation of its presence.

The compounds in peaks 6 and 7 gave
spectra matching those reported by Mitz-
ner et al. (196_5% for myrcene and a-ter-
pinene, respectively. o

Peaks 8 and O were identified by
comParlng the IR spectra with reference
spectra. Peak 8 was identified as limonene
(Mitzner et al., 1965) and peak 9 as 1,8
cineole (Mitzner and Mancini, 196_9f).

Peaks 10 and 11 were identified as
7-terpinene. and p-cymene, respectively,
by comparing the infrared spectra of the
isolated compounds with those presented
,bg Mitzner et al., 1965. In the Rrocess of
identifying these compounds, the forma-
tion 0 p-c%/_mene from_ y-terpinene was
observed. This was \Mevmusly reported to
occur in Thymus vulgaris by Granger et
al. (1964). These observations indicate
that some of the p-cymene present may
be due to artifact formation. o

Component 15 from the essential oil
was present only in trace amounts, How-
ever,a compound with identical retention
time was present in larger amount in an
extract of dried thyme leaf. This com-
pound, which was™a white solid with
melting point of 60—61°C, was identified
& trans-sabinene hydrate by comparison
of these physical properties with those
p,revmusl¥ reported by Russell and Jen-
nings (1970). . _

eak 16 was identified as Jinalool _bK
comparison of its infrared spectrum wit
that of reference spectra ‘Mltzner et al,,
1968). A minor component, peak 17, was
identified smlarlg as fench¥,l alcohol
(Mitzner et al., 1968). Identitication of
peak 18 was not so forthright, as the
Infrared spectrum (Fig. 3) did not match
published reference spectra. Mass spectral
analysis indicated a molecular weight of
150, and accurate mass determination
%lefded a molecular formula of
i0Hi40. A UV X-max was observed to
be 241 nm. The component was identi-
fied as pinocarvone by comparing UV and
infrared spectroscopic data with the find-
ings of Moore and Fisher (1956), Erskine
and Waight (1960) and by matching
spectra from the synthesized product.

VOLATILE CONSTITUENTS OF OIL OF THYME-407

~The main component of peak 19 was
identified as 1-terpenen-4-ol on the basis
of its infrared spectrum (Mitzner et al.,
1968). The isolated component of peak
20 was subjected to mass spectral analysis
in addition” to infrared characterization.
The mass spectrum %_ave an accurate mass
of 164.1263, indicating a molecular for-

mula of CiiHi60. The presence of
thymol methyl ether (Imo.. wt. 164,
Ch Hi60) in Thymus vulgaris was Brew-

ously reported 'bK Messerschmidt (1965).
However, published infrared spectra as
well as spectra from the synthesized
thymol methyl ether were not in agree-
ment. Thymol methyl ether was not
found in our samples "and synthesis con-
firmed the structure of peak 20 to be
carvacrol methyl ether (IR spectrum
shown in Fig. 4). This compound had
been previously reported in a natural
roduct in the work of Barreto and
nzell (1961) on Cupressus torulosa Don.

Peak 21 was identified as caryophyl-
lene by comparison of the IR spectrum of
the isolated component with reference
spectra (Wenninger et al, 1967). The
main component of peak 22 was identi-
fied as trans-pinocarveol by comparing its
infrared spectrum with that reported by
Arbuzov et al. (1965). o

Peaks 23 and 24 were identified as
a-terpineol and bomeoal, respectively, b
comparison of their infrared spectra wit
those reported by Mitzner et al. (1968).

Peak 25 was identified as geranyl
acetate by comparison of its spectrum
with that of an authentic sample (K&K
Lab) and with that of Mitzner and Man-
cini- (1969). Peak 27 was identified as
thymol and peak 28 as carvacrol by
comparing the infrared spectra of the
isolated compounds with reference spec-
tra (Mitzner et al., 196%; (ﬁ\dtler Rgfer-
gnce Spectrum #2470, Sadtler Standard

pectra, 1959, respectively).

Further work will be reported com-
paring volatile constituents from extracts
of thyme leaf samEIIes, effects of varyln%
temperature and pH and the influence o
these parameters on sensory properties.
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A PRECISE METHOD FOR THE DETERMINATION OF
DIMETHYL SULFIDE IN PROCESSED FOODS

INTRODUCTION

DIMETHYL SULFIDE (DMS), a degrada-
tion product of an S-methyl-methionine
sulfonium salt (Challenger and Hayward,
1954; McRorie et al., 1954), has been
isolated and identified in a number of
processed foods (Bailey et al.,, 1961; Self
et al 1963& Patton” et al. #1956)
ported the flavor threshold o drmethYI
sulfide in water to be 12 ppb whi
Guadagni et al. (1963% reported its odor
threshold |n water to be 0.33 ppb. Since
DMS does have low threshold values, it
appears hkeI% that the level in processed
foods can Dbe important in consumer
acceptance. Bills and Keenan (1968) ob-
served that a sample of frozen sweet'corn
contarnrng an exceptronally low level of

IE S had a flavor much like

grn or squash. Guadagni et al.
5196 ) reported that a DMS level of

5—2 ppm in tomato juice produced the

most desirable aroma quality.

It is reasonable to assume that optimal
levels of DMS in the finished product can
be achieved either by selecting proper

rocessrng conditions accordrng 0 the

qeneratrng potential of "the raw
materra (precursor level) or by blending
of raw material or finished product.
Quality control of this type requires the
existence of an_analytical procedure for
the determination of DMS of greater
speed and precision than is offered by
resent methods (Miers, 1966; Bills and
eenan, 1968; Nelson and Hoff, 1968?

The " present method, which™ fulfills
these requirements, was developed by

adapting and modrf?ung a procedure de-

scribed bz/ McAullife™ (1971) for the
determination of low concentrations of
hydrocarbons in aqueous solutions.

EXPERIMENTAL

Preparation of standard curve

A 1?0 ml volumetric flask containin
of eth f g col was cooled to 4°C. m
dimet (Matheson, Coleman and, Be II)
also at 4 C was added t0 the fIa?k and then
mixed until the DMS was complete dissolved.
The tightly stoppered  flask con aining_the
mixture” (solution Igwas then allowed to"reach
room tem Frature £°C t

solution 1 was added to 99 ml of
drstrlled water and mixed. This solution con-
fained 100 ppm DMS with étl%ethylene %chol
ase. Aliquots of 1, 5 and 10 ml“were trans-
erred 0 3-100 “‘ml volumetric flasks and
brought to volume with an aqueous solution of

1% ethylene %chol These solutions contarned
J) M?, respectivel \y
concentratrons were calculated on a volume

A 50 ml Yale Luer-lok hypodermic s r|n e
with a gzﬁ trght Luer-lok two-way valve
used for all anal ses A 15 quage pipette need
attached fo the Valve was, used to draw exactly
25 ml of standard solutjon Into the s rrnge
Ater cIosrng the valve, the pipette nef le was
removed the s r|n g |nve ted. H |um as
g g he syringe vave
Harn losed. Te sam g ws ech anrca
shaken for 3 min rtat 1t0 cy cesrprnlute
syringe was connected to a”sample loop (a
roxr atﬁy 17 m??] att ched to rthe %aspc rg
atograp means 0 %as sampling, valve.
With the S rrn?e inverted, 8 ml of head
space% as forced through the sample | oo
and the 1.7 ml sample flushed onto the colunin
Py the nitrogen carrrer g s, Care was taken to
Ius the sa p o[p r 30 sec with hehum
etween equil bratr s to remove an resr ua
DMS_ in the valve system The _pea
(mm) of the 1, 5 and 10 ppm D Sstan a
olutions. were plotted a?arnst concentration
ppm) using simple linear Tegression to provide
a standard Curve for DMS.

Anal?;srs of processed foods
Three cans of commercraII}/ roces?ed peas,
beets, vegetable juice, kraut jUC and four cans
ealecrhe aor}cal Omc? " ajmmcleesanedr yereovgresweet Coent]
W 7 W |
ting yf ? th% liqui |Oprgduct ihﬁered
thr u h cheesecloit& |n1

he case 0 S
0m vofumetrrc asi< pleﬁ
ht to volume with an aqueous

corn) Into a
sam le was brou
squtron of 15°o ethy ene g I__ycol contarnrnp

drop of G.E. Antifoam 60, From each
pvroduct sam[p’e a 25 ml aliquot was hdraWR
syringe, analyzed and the pea

her ht recorded as ’B]revronuslkl eouthned The
|

ncentrauon samﬁ
optained from te tandard curve T e va
obtarned was mu trp |ed] ﬂy a factor of 4 since
thr%esorrgrna product had been diluted four
tl
Identrty of DMS peak

Retention time and S I |I|t% in concen-
trated sulfuric aci (erers elson 1967‘
were used to ident DMS peak. A

aseous sample Was hnthdrawn from an equili-

rated sampe using a 2 ml syringe contaihing
d of concentrated fsquurrc acl deposrted
film on t ernnersuraceo the syringe barrel.

A er605c the 2 ml sam ewasrnﬁ gcted |nto

the g3 ¢ romatogrrapCe %ug ﬁmveaé

Rort tsaPp

oted. 10 | of distil ed waterwer nexta de

to the 2 ml syringe. A sec the remarnrn

va| ors wer |n ecte [ﬁ as c romato
Con |rm tron o the ea DMS was

ote y the reappearance o a peak at_the

retentron time of the DMS standard. Each
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processed food was analyzed in this manner.
3 chromatodraphrc conditions
equipmen
A (t;as chromatograph equipped with a flame
|on|za |on detector ﬁnd starnless steel column
(6t cked with 15% Ucon non-
&olar gLBl715 on 60 70 mesh ChromosorbW
as used. The"carrier gas was nitrogen with a
flow rate of Cpproxrmate ?O mlmin . main-
tained at 50° as sampling valve in the
nitrogen line was used to divert the carrier gas
through the sample loop.

RESULTS & DISCUSSION

IF A VOLATILE substance is brought to
equilibrium between a liquid phase and a
gas phase, the concentration in the ﬂ]as
phase will constitute some measure of
concentration in the liquid phase and
thereby also of the total concentration in
the liquid before equilibration took place.
The present method is based on the
assumption that Henry’s law applies to
the system in the syrrn%e that there
exists'a proportionality between the con-
centrations of DMS in the gas phase and
in the liquid phase.

The valigity of this assumption is
demonstrated ‘in Figure 1 Here, the
logarithm of the peak heights from four
successive equilibrations “were plotted
against equilibration number. The proce-
dure was the same as previously outlined
except that after exgulsron of the, gas
phase from one equilibration, the syringe
was refilled with an additional 25 ml of
helium and shaken to obtain the gas
phase of the next equilibration. This was
repeated four times. The slope of the
resulting line equals -lo k+l$ where k
is Henry’s constant (McAullite, 1971).
The linearity of this plot therefore pro-
Yldes evidence of adherence to Henry’s
aw

When samples of different composi-
tion are to be analyzed, it is reasonable to
expect that the distribution of DMS
between the two phases would be de-
pendent on the solute concentration of
he samples. McAullife illustrated this in
extracting hydrocarbons from water con-
tarnrng various concentrations of sodium
chloride. As outlined in the procedure, all
samples were diluted four times by the
addition of 3 vol of an aqueous solution
of 15% ethylene glycol in an effort to
minimize such differénces. The parallelity
between lines obtained from preparations
of different composition (Fig. 15) demon-



strates that Henry’s constant was essen-
tially identical for all the diluted samples
and“independent of their origin when run
under the conditions specified in the
Procedure. Ethylene glycol has the fur-
her effect of renderln%_DMS more solu-
ble in the agueous media, thus minimjz-
ing losses in transfer operations by
escaping %as phase. On the other hand, it
has to Dbe realized that dilution and
addition of ethylene glycol will reduce
the sensitivity of the method. We found
this not to” be a serious problem in
analyzing horticultural products. The de-
tector signal was most often attenuated
300-fold “during these analyses. On the
other hand, if dawg products are to be
analyzed, where DMS concentrations may
be lower by several orders of magnitude,
then the wisdom of dilution and ethylene
glycol might be questioned. The ‘most
important~ reason for introducing ethyl-
ene glycol was to gbtain convenience and
Preusmn_ in reParln standard DMS solu-
tions. Dimethyl sulfide is highly soluble
in this solvent, and its use makes it
possible to prepare by sequence dilution a
series of diluted solutions with good
precision.

Several DMS standards and 20 proc-
essed food samples of unknown DMS
concentrations were prepared and ana-
I(rzed. Concentrations of the original un-
iluted samples were obtained (Table 1)
by means of a standard curve of peak
heights vs. DMS concentration and multi-
i)_hed by 4 (dilution factor). Only the
iquid or serum portion of a sample was
used on the reasonable assumption that
the concentration of DMS in the serum
was in equilibrium with that of the
aqueous phase in the solid portion of the
food. Canned tomato éume had DMS
concentrations  from 5.9—10.2 ppm.
Miers (1966) reported that commercially
canned tomatoes and tomato juice con-
tained 1.6—7.9 ppm dimethyl sulfide.
Processed corn containéd from
10.1 —16.0 ppm which corresponds with
values reported by Bills and Keenan
1968). To our knowledge, dimethyl sul-
ide has not been reported in beets. Beets
contained very Iar%e quantities of DMS:
14.1, 27.9 and 43.6 ppm in the three cans
analyzed. Self et al. (1963) reported
frozén peas to contain medium concen-
trations' of DMS. Our data showed proc-
essed peas to contain approximately 5.0
ppm. Vegetable juice and kraut ‘juice
contained” levels of 1.6—2.2 ppm”and
2.4-=3.8 ppm DMS, respectively.

~Four e(1U|I|brat|qns should” in theory
yield results of higher precision _than
results obtained from only one equilibra-
tion as specified in the procedure. In
order to evaluate this, the data in Figure
1 and Table 1 were treated by extrapola-
tion to vyield peak heights” at “zero”
equilibration (antilog of y-intercept).
However, when the results are compared
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with those based only on the first equili-
bration (Table 1), it"is evident that very
little is gained by this additional effort.
To demonstrate the reproducibility of
the procedure, a series of P_rocessed ood
samples and standard solutions were pre-
pared as outlined earlier. A 25 ml sub-

samp'e was analyzed from each 100 ml
sample or standard solution. Immediatel
following the anaIY_sm of the first aliquof,
a second 25 ml aliguot was analyzed in
the same manner. Similarly, two standard
curves were obtained usmg the peak
heights of the DMS standards from' the

24—

22— [FFTS

10_PPM.OMSSTANGARD |,

2.0 W

EQUILIBRATION NUMBER

Fig. 1—Equilibration curves of DMS standards and DMS in processed

food samples.

Table 1—-Dimethyl sulfide (ppm) in 20 commercially processed foods

Veg.
Ca Juice

1 2.2 (2.2)a
2 21(2.0
3

4

Kraut
Juice P
3.8 (3.8 51
32(3.2 49
24 (2.3 50

-

gas

5.2§
5.0
50

16 (1.6

Product

Tomato
juice

14( 74
10.2i10.0£

Yellow
corn
122 (12.1
16.0{16.0

Beets
43.6 (42.8
141 (14.2
59( 6.0 279 (28.0

6.4 (6.3

11.6(11.8
101 (10.2

“Concentration obtained using four successive equilibrations on the same 25-ml aliquot and
determining the peak height at “ zero” equilibration number (Fig. 1).

Table 2-Concentration (ppm) of dimethyl
subsamples and two standard curves

Beets Corn

A Sample Alig. #1 vs. 219 101
Std. Curve #1

B Sample alig. #2 vs. 217 9.7
Std. Curve #1

C Sample alig. #2 vs. 28.0 100
Std. Curve #2

1A-B 1% 1 4.0

1A-C |% 4 1.0

sulfide as determined from two consecutive

Product

Tomato Kraut Veg.
Juice Peas Juice juice
6.4 50 24 16
6.1 4.8 2.2 16
6.2 49 2.3 17
4T 4.0 8.3 0.0
31 20 4.2 59
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first and second allguots respectively, As
IS shown in Table 2, the reproducibility
depends on which standard curve is used
for the second aliquot, illustrating the
importance of using volumetric contain-
ers of equal volumes for preparing solu-
tions and the necessity of taking the
headspace volume in these containers into
consideration. As the first aliquot s
removed, a certain portion of the DMS in
solution enters the headspace and the
concentration in solution decreases corre-
spondingly. The second aliquot will there-
fore contain less DMS than the first.
When processed foods were opened for
sampling, greater precision resulted when
25 mlsamples to be diluted were prompt-
ly removed. The standard errors for five
replicate samples prepared from each of
three processed foods with mean DMS
concentrations of 3.0, 6.1 and 15.1 ppm
were + 10, + 24 and £ .29 ppm,
respectively. _
_Conceivably in foods one might expect
dimethyl sulfide to exist as a solute
dissolved in the aqueous phase or ad-
sorbed onto solid food particles dispersed
in the_aqueous phase. If the, latter was
occurring to any great extent, it would be
3uest|onable that an equilibration proce-
ure as described would measure the total

concentration of DMS in a food sam?Ie.
The fact that the peak heights after

successive equilibration of a sample (Fig.

1) lie on astraight line and that the slopes
of the DMS standards and food samples

are equal suggests that adsorption phe-
nomena do nof occur. To further support

this, a 25 ml aliquot containing an equal

volume (12.5 m$ of a standard solution

and a food sample was equilibrated. 1f no

adsorption of DMS was taking place, then

one would expect a peak height equal to

the mean of those peak heights of both

solutions when a 25 ml zaliquot was

equilibrated separatel]y. This was in fact

the result obtained. Therefore, one may

conclude that the procedure as outlined is

measuring a quantity of DMS in the

gaseous phase proportional to the total

concentration present in the liquid phase

with no interterence of other solution

phenomena.
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ECONOMIC APPLICATIONS OF SWEETNESS SCALES

INTRODUCTION

THE PRESENT STUDY concerns the
economics of sweetness mixtures, in
which pairs of sweeteners are used in
conjunction in order to increase the
overall sweetness of a product. The differ-
ent costs of materials such as sucrose,
glucose (dextrose), saccharin and cycla-
mate provide possibilities for considering
mixtures in terms of a model that mini-
mizes overall cost while maintaining
sweetness, or maximizing sweetness while
maintaining cost.

The tastes of sweetener mixtures have
been studied by food scientists and
psychologists for the past five decades.
Early work by the sugar industry focused
on the possibility that inverting sugar
(sucrose) to a mixture of glucose and
fructose would enhance sweetness, and
thus enzymatic changes of sucrose could
provide greater sweetness at the same cost
(Sale and Skinner, 1922). At about the
same time in Germany a number of
studies on the taste of mixtures of the
artificial sweeteners, saccharin and dulcin
(Paul, 1922) were underway as a result of
a shortness of sucrose. The results of
these experiments indicated that mixtures
were significantly sweeter than their com-
ponents alone.

The method for determining how
sweetnesses ‘add’ together in a mixture
has been elucidated by Cameron (1943;
1944; 1945; 1947). Cameron asked his
subjects to taste two solutions of differ-
ent sugars and then to select the concen-
tration of sucrose that matched the
sweetness of each sample (sucrose equiva-
lent). He subsequently mixed together
the sugars and repeated the experiment.
The results were expressed as three ‘su-
crose equivalents,” two for the unmixed
components and one for the mixture.
Additivity of sweetness occurred when
the ‘equivalent’ for the mixture equalled
the arithmetic sum of the unmixed
‘equivalents.” In a large series of experi-
ments Cameron demonstrated that addi-
tivity occurred for pairs of sugars, but
only when glucose, maltose or lactose was
used as the reference sugar. Expressing
sweetness in sucrose or fructose equiva-
lents did not result in additivity of
sweetness.

'Requests for reprints should be sent to
Howard R. Moskowitz.

These early studies by Paul and Camer-
on lacked a true measure of subjective
sweetness, and relied on the concentra-
tion of glucose or sucrose as the implicit
sweetness unit. Recent work by Stevens
(1953; 1960; 1969) demonstrated that
subjects may be directed to give numeri-
cal judgments in proportion to subjective
magnitude, taste intensity included, and
that these numerical estimates, called
‘magnitude estimates,” provided meaning-
ful ratio measures of taste intensity. For
example, a sweetness judgment of 20
means twice the sweetness of a judgment
of 10, and eight times the sweetness of a
judgment of 2.5. Moskowitz (1970a;
1970b; 1971a) reported a series of sweet-
ness scales for several dozen different
sugars and several artificial sweeteners.
Details of the experimental technique are
provided by Moskowitz (1970a).

A convenient and systematic outcome
of these direct scaling studies was the
finding that the numerical judgments of
sweetness could be related to molar or
percentage concentration by the simple
power function S = kIn, That is, S repre-
sents the sweetness judgment and I repre-
sents molarity. The exponent n and the
intercept k may be obtained from the
straight line that results when the power
function is plotted in log-log coordinates,
to yield the -equation log
S=nlogI+logk. The slope of the line
provides the exponent, and the intercept
provides the value for log k.

The exponent n is the critical para-
meter for the sweetness equation because
it governs the rate at which sweetness
increases with concentration. It appears
to exceed 1.0 for sugars (Stevens, 1969;
Moskowitz, 1970a; 1970b; 1971a), but is
less than 1.0 for saccharin and cyclamate.
When n exceeds 1.0 sensory magnitude
accelerates or grows more rapidly than
molar concentration, whereas for n less
than 1.0 the opposite occurs and sensory
magnitude grows less rapidly. Very low
values of n would indicate that large
increments of concentration scarcely pro-
duce any changes in perceived sweetness.
The intercept, or multiplier, k, depends
upon the size of numbers selected by the
subject and upon the measure of concen-
tration selected. However, when several
sugars are rated for sweetness in the same
session and their exponents n are made
equal either experimentally or by subse-
quent statistical analysis, then k reflects
the ratio of sweetness among different

sweeteners (Moskowitz, 1970a). This is
because k reflects the relative distance in
logarithmic values (i.e., ratio) of two
parallel lines.

Recent work in sweetness has attempt-
ed to combine power functions of sweet-
ness in order to predict mixture sweet-
ness. Papers by Stone and Oliver (1969),
Stone et al. (1969) and Yamaguchi et al.
(1970) have tried various combinations of
sweetness functions. Usually, however,
some multiplicative constant is needed to
account for the often-observed result that
there is ‘synergism,’ so that the sweetness
of the mixture exceeds the predicted
sweetness.

Because of the synergistic effect in
mixtures, a combination of power func-
tions and an associated multiplier to
handle the effect is shown below:

Sweetness S, =k, C'a; Sweetness S, =k, Cp
Mixture sweetness S, , =k, (k, Ca+k, Cp

Empirical studies of mixtures (Stone and
Oliver, 1969; Stone et al., 1969; Mos-
kowitz, 1971b) suggest that the values of
k3 for synergistic mixtures are moder-
ately greater than 1.0, e.g., about
1.4—1.8, so that the actual prediction
made by summing simple power func-
tions is an underestimate. For conven-
ience in simulation we may assume that
k3 remains unchanged across most of the
sweetness range and may be viewed sim-
ply as a ‘change-of-scale.” The form of
sweetness summation is unaffected if k3
is permitted to vary to correct the under-
or overpredictions.

EXPERIMENTAL

Procedure

In three experiments glucose was evaluated
for sweetness in conjunction with fructose,
sodium cyclamate and sodium saccharin. In
each experiment subjects received seven solu-
tions of glucose, seven solutions of the second
sweetener, and 34 mixtures of the two sweeten-
ers in varying ratios and dilutions. Samples were
served to the subjects in small, % oz paper cups
and maintained at the room temperature
(22°C). The solutions were made up three days
prior to the experiment and stored. under
refrigeration, to permit both mutarotation to
an equilibrium mixture of isomers and to
prevent mold growth. S’s were instructed to
judge only the sweetness of the solutions, and
for the simple unmixed sweeteners power func-
tions of the form S =kI" were fitted to the
median judgments of 24 S’s. Because of experi-

Volume 37 (1972)—-JOURNAL OF FOOD SCIENCE—-411



4\2 JOURNAL OF FOOD SCIENCE-Volume 37 (1972)

mental v?rlatlon the exponents and mterceg)t_s
of the gsucose functio v%ned across extp rl-
ments S sh?,vvn later b%/ the ‘?eneratln unc-
tions’ in the figures), although In each instance
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Fig. 1-A hypothetical iso-cost function in
which X and Y are two sweeteners, each having
unit cost. Total cost = $7. Sweetness is assumed
to be equal to the square of molar concentra-
tion (total sweetness = X2 + Y2). All points on
the solid line satisfy the equation X + Y = 7. All
points on the dashed curve satisfy the function
F(X,Y) = X2+ Y2 or G(X) =X2+(7-Y)2 To
obtain a value for Y for any X, use the solid
line. The total 'sweetness' is given by the value
of the right-hand ordinate, labelled X2 + Y2.
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the glucose exponent was hlgher than 10
gab. U }1].3-1.65. Pow?r functions also, de-
crived the sweétness of fructose. Power func-
tions were forced to fit the sa%charm and
cyclamate functions, even though } ey demon-
strated significant nonlinearity “in log-log coor-
dinates. A revision of the simple summation
model may be made to account for quiidratlc
and cubic ‘terms in the saccharin and cKc amate
functions. For ease of computation, however,
only their Unear portions (1.e., simple power
functions) were used. .

For each s e«;tener the cost of the mixture
was ascertained from the prices of the ingredi-
ents. The cost per mole was obtained from the
1971 catalogC of the Sl%ma Chemical Co. and
reflects the Cost of reagént-grade material. For
each mixture of two" Ingredients, therefore
there are_two assom?ted Values: a total cost
obtained from a simple linear sum of independ-
ent costs and a total sweetness based upon the
addltl?]n of two g?wer functions. o

Ot %r airs 0f sweeteners were also investi-

ated, but only by computer simulation.. For
ese ‘nypothétical’ mixtures the individual
?owe_r functions relating sweetness to concen-
is%llobn I:werg thot%ﬁalned _ ]‘rolm dMﬁSkﬁWIU
1b). For both the empirical and the hypo-
{hetlcal> mixtures. the vall?e of k3, wh|c_hy%c-
counts for syner%wtlc effects was arbitrarily set
at 1.0 to faciitate computation and to permit
C%Parlson of the various mixtures with each
other.

Types of simulation .

Two theoretjcal problems were consicered:
maximization of sweetness subject t? maintain-
|n%_a fixed cost and minimization of total cost
subject to maintaining constant sweetness. Ini-
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tial approaches were to solve analytically. these
roba]gn%s with the help of Lagrange mul¥|pllers
Taylor, 1955) ‘and with the agfroprlate cost
nd” sweetness ‘functions. In all cases where the
exponents were nof small whole numpbers the
analytic solution. did not work, and thus a
computer simulation was needed.

In the computer simulation the overall cost
of the mixture was first fixed, and a large
number of pairs of concentrations were thén
comguted that satisfied the cost constraint. A
smooth curve was drawn showing the relative
amounts of the two sweeteners who?]e overall
cost was the desired amount. For each pair the
sweetness w%s then calculated. Then a curve
was drawn showing the sweetness of the mix-
fure at the different levels of sweeteners for the
fI,X?d total ?st. With this method several
different overall costs were scanned In order to
?ro,duce different cost functions (iso-costs), and
heir corresponding contours were computed.
In the second part of the simulation the overall
sweetness was. fixed and a Iarlge number of pairs
of concentrations were determined b¥ SP vmﬁ
the sweetness equation. The total cost of eac
mixture was then calculated. Again, several
different levels of total sweetness were scanned
In order to determine the sweetness contours,
and the cosﬁs of these mixtures were subse-
quently calculated.

RESULTS

FIGURE 1 illustrates a straight line (to-
tal-cost contour) for a hypothetical pair
of sweeteners X and Y. The ‘cost’ of 1
mole of X and of Y is 1 unit respectively
for each. For each value of X there is
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Fig. 2—Mixtures between glucose and fructose, Na cyclamate and Na saccharin. The generating equations are shown below each pair of graphs.

Numbers on the top figure in each pair indicate the overall, fixed sweetness level, whereas those in the lower portion indicate overall, fixed cost. All
pairs in this figure were investigated in actual experiments, although the curves are idealized versions of the empirical mixture data. Cost isgiven in S
per mole weight of the mixture.



only one value of Y that satisfies the cost
constraint X + Y = 7. Only positive values
of X and Y are shown, since negative
values indicate that a concentration must
be subtracted from the mixture. Sweet-
ness is assumed in this example to be
represented by the square of molar con-
centration (so that a 4:1 increase in
molarity would lead to an increase of
16:1 in sweetness). In addition, the
sweetnesses of the components X and Y
are assumed to add algebraically. Thus,
the curve represented by X? + Y? repre-
sents the overall sweetness of the mix-
ture, and its numerical value may be
obtained from the vertical axis at the
right of Figure 1.

For any value of X, the corresponding
value of Y can be found that satisfies the
constraint, and the overall sweetness of
the mixture can be calculated. In fact,
both variables, Y and (X? +Y2?), are
uniquely determined for any value of X.
The sweetness curve may thus be consid-
ered either as a function of both X and Y
(i.e., X2 + Y?) or as a function of X alone
[i.e., X2 +(7=X)?]. This unique deter-
mination of the sweetness function arises
from the cost constraint, which makes Y
directly depend upon X. A similar figure
may be constructed for the dual problem,
of computing overall cost when sweetness
is maintained at a constant value (e.g.,
X? +Y?2=10). Total cost in the dual
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problem would be given by the equation
X+ (10-X?)5.

Figure 2 shows the mixture functions
obtained from three empirical studies.
Below each part of the figure are the
sensory functions that were used to gen-
erate sweetness values, as well as the cost
functions used to compute the cost per
mole of hybrid mixture. The overall
sweetness of the mixtures was fixed at
five different values: 40, 80, 120, 160
and 200. In the present system the
sweetening power of 0.5M glucose (9%)
has been assigned a sweetness value of 10.
Because of experimental variations, the
sweetness functions for glucose, as shown
in the bottom equations of Figure 2,
differ slightly among themselves so that
the exponent varies between 1.3 and 1.6.

For each of the three mixture-sets in
Figure 2, the horizontal axis represents
the molarity of glucose. The computer
analysis scanned a large number of con-
centrations between 0.0 and 3.0 moles.
The corresponding molarity of the second
sweetener satisfying either the cost or the
sweetness constraint is shown at the left
hand side of the vertical axis.

In order to use the figures, one must
first locate the contour that is of interest.
For example, consider the mixture whose
overall sweetness is 40. A large number of
glucose concentrations satisfy this re-
quirement, and for each concentration a

¥Y3ILIN/(HLSOD
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value for fructose may be found. One
possible pair is 0.4 moles.of glucose and
0.8 moles of fructose (approximately).
The overall cost of these two sweeteners
may be obtained by first extending a
vertical line upwards from the horizontal
axis (at 0.4 molar glucose). The cost
contour (solid curve) intercepts this verti-
cal straight line at a value given at the
right hand side of the figure. The analo-
gous reasoning is applicable to situations
in which the total cost of the mixture is
fixed at a single level and sweetness is to
be found.

Two primary results merit discussion.
First, there are different ‘feasible ranges’
of mixtures that satisfy the constraints of
sweetness or cost. For example, mixtures
of sugars (e.g., fructose and glucose)
provide large ranges of concentrations
with which to work, whereas markedly
narrower ranges are found when a sugar is
mixed with an artificial sweetener of
greater potency. Second, there are differ-
ent ‘cost ranges.” Sugar mixtures are
significantly more expensive than mix-
tures of sugar with artificial sweeteners
(in some cases 4Xx more expensive).
Therefore, when sweetness of the product
is the major consideration, artificial
sweeteners provide reduced costs.

When the overall cost of the mixture is
maintained at a fixed value (the opposite
problem to maintaining overall sweet-
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Fig. 3—Mixtures of glucose, sucrose, fructose and sorbitol, obtained from computer simulation of mixture equations. Sweetness power functions

were obtained from Moskowitz (1971a).
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ness), the mixtures again show different
behaviors. For fixed total cost, glucose-
fructose mixtures become sweeter with
increasing amounts of glucose, a result
that is due to the smaller cost of glucose.
That lower cost of glucose is sufficient to
outweigh the greater sweetening power of
fructose. On the other hand, mixtures of
glucose with cyclamate or saccharin be-
come less sweet (for fixed cost) as glucose
predominates in the mixture. This latter
result is obtained because a great deal of
sweetness can be obtained for relatively
small amounts of the artificial sweetener.

Figure 3 presents the results of com-
puter simulation of mixtures between
glucose, sucrose, fructose and sorbitol.
These four sugars are commonly used by
the food industry to provide sweetness
and represent a relatively moderate varia-
tion of costs and relative sweetness.

The sweet functions were obtained
from estimates provided by Moskowitz
(1971a). Sucrose and fructose are the
sweetest of the two sugars and grow more
slowly in sweetness than either glucose or
sorbitol (Cameron, 1947; Moskowitz,
1970a; 1971b). The sweetness curves of
glucose and sorbitol are parallel in log-log
coordinates, as are the curves for sucrose
and fructose. Below each set of functions
are the generating equations that were
used in the simulation.

Glucose-sucrose and fructose-sucrose
mixtures follow similar contours. For
example, at a fixed sweetness when the
concentration of glucose is increased, the
overall cost of the mixture decreases. This
occurs since glucose is far less costly than

sucrose. For fixed costs the cheapness of
glucose far outweighs the sweetness ad-
vantage of sucrose. Similar arguments
may be made for mixtures of fructose
and sucrose wherein fructose is more
expensive than sucrose.

When fructose is combined with sorbi-
tol, however, the factors of cost and of
sweetness compete against each other.
Sorbitol is less expensive than fructose
but fructose is much sweeter. The result
is a slight increase in the sweetness of a
mixture with increases in fructose con-
tent when the cost is held constant. As a
general rule then, mixtures of this type in
which the cost favors one material and
the sweetness favors another, material
will tend to have flatter contours. This is
especially true if costs and sweetness
ratios are approximately commensurate
and counterbalance each other. Steep
contours will occur when one dimension
(cost or sweetness) markedly overrides
the other.

Figure 4 shows a series of sorbitol-glu-
cose mixtures in which the sweetness was
fixed at one of four values (40, 80, 120,
160). For each of several prices of sorbi-
tol (e.g., $0.10 per mole) the cost func-
tion was traced out. The result is a series
of cost contours for each sweetness level.
The shape of the contour changes as the
price of sorbitol is systematically in-
creased. At low sorbitol costs (e.g., $0.10
per mole) increases in glucose, the more

expensive sugar raises the cost of the
mixture. At intermediate sorbitol costs
(e.g., $0.30 per mole) there are two

optimum points, either very high concen-
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Fig. 4 —Contours for glucose and sorbitol when overall sweetness of the

mixture was fixed at four values.

Each of the solid lines reflects the

overall cost of the mixture when the cost of sorbitol is varied at 10:1

range (from $0.10—1.00 per mole).

trations of sorbitol or very high con-
centrations of glucose. Finally, with high
sorbitol costs (e.g., $0.50), the price of
sorbitol militates against using it, and the
best strategy is to use only glucose. This
approach to tracing out the several possi-
ble contours elucidates the type of strate-
gy that might be used when a single
ingredient systematically varies in cost,
but can be replaced by another material
possessing many of the same properties.

Finally, Figure 5 illustrates the con-
tours that are obtained when cost is
maintained at a given level (either $0.40,
$0.80 or $1.20 per liter of sweetener
mixture) and the price of sorbitol system-
atically varies. The order of the cost
functions in the figure is maintained for
the sweetness function, so that the upper-
most cost function corresponds to the
uppermost sweetness function. Large
changes in sorbitol, when it is inexpen-
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Fig. 5—Contours for glucose and sorbitol when

the overall costof the mixture is fixed at one of
three values. For each total cost, sorbitol costs
have been varied over a 5:1 range. Each costof
sorbitol yields a new contour for total cost
(solid line) and for each contour of total cost
there is a comparable contour for total sweet-

ness.



sive, can be tolerated and offset by small
changes in glucose without affecting the
cost function. The optimum then is to
use all sorbitol, with concomitant in-
creases in sweetness. Intermediate prices
of sorbitol for fixed total cost reduce the
high sweetness when large amounts of
sorbitol are used (since the prices are
commensurate for the two sugars but
glucose is sweeter). For high costs of
sorbitol, both the price and the low
sweetness militate against producing a
high degree of sweetness when much
sorbitol is used, and mixtures tend to
have less sweetness with more sorbitol.

DISCUSSION

THE PRESENT STUDY concerns a mod-
el system in which the sweetener is
sampled in aqueous solution. Similar data
should be generated by experimental
means to test the approach in specific
food products. The technique of magni-
tude estimation permits this approach to
be used with relative rapidity and little
expense, and may be applied in actual
product development. In addition, the
fact that a multiplicative correction must
be used to account for synergistic effects
in mixtures is not a serious detriment, for
it requires only a change-of-scale for
sweetness. The values corresponding to
psychological sweetness may be multi-

plied by a correcting factor, so that they
represent the actual sweetness levels rela-
tive to a standard, or a computer program
can be written to account for the multi-
plier. Many other factors besides overall
sweetness enter into the selection of an
appropriate sweetener and concentration
for a given food. Mixtures that maintain
sweetness at a fixed level may not be
equally acceptable to the consumer, and
specific parameters of each food have to
be considered before selecting any one
mixture. Hence, the present study pro-
vides only two constraints for mixtures:
the levels of sweetener that sum to a
given cost and to a given sweetness. Other
constraints may be the acceptability to
the consumer, weight of sweetener and
perhaps even caloric value.
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