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-------------------------------ABSTRACT---------------------------------
The levels o f  trypsin inhibitor activity were higher in both kabuli 
and desi seeds o f chickpea than their chymotrypsin inhibitor activ­
ity. Mean values for the trypsin and chymotrypsin inhibitor units in 
dha! and seed samples o f desi were higher as compared with kabuli 
cultivars. The presence o f seed coat reduced the protein extraction. 
Mean values of poiyphenolic compounds in seed samples o f desi 
were more than twice that o f kabuli and these differences disap­
peared in dhal samples indicating the distribution o f these com­
pounds mainly in the seed coat. The in vitro protein digestibility 
studies showed larger differences between desi seed and dhal sam­
ples when compared with kabuli seed and dhal samples. Poiy­
phenolic compounds exhibited a highly significant and negative 
correlation (r = 0.872**) with in vitro digestibility o f protein 
and a significant positive correlation with trypsin (r = 0.612*) 
and chymotrypsin (r = 0.507*) inhibitor activities.

INTRODUCTION
IN  FO O D  LEG U M ES, th e  presence o f  som e w ell defined  
an tin u tr itio n a l factors has been  w ell recognised (L iener, 
1962). O f  th e  various an tin .u tritional fac to rs , try p sin  an d  
ch y m o try p sin  in h ib ito rs  have been  th e  sub jec t o f  several 
investigations (L askow ski and  Sealock 1971; R oy  and B hat, 
1974 ; T ur-S inai e t  al., 1972; B h a tty , 1979 , K akade e t al., 
1972). R ecen tly , b iochem ical stud ies  on  th e  try p sin  and 
ch y m o try p sin  in h ib ito rs  in  ch ickpea seed have been carried  
o u t (S m irno ff e t  al., 1976 ; Belew an d  E aker, 1976). Su- 
m a th i and  P a ttab iram an  (1 9 7 6 ) exam ined  th e  levels o f  
these  in h ib ito rs  in  ch ickpea  seeds and  have com pared  them  
w ith  o th e r  crops.

P o iypheno lic  com pounds (loosely  te rm ed  as tann ins) 
have  b een  re p o r te d  to  in te rfe re  w ith  th e  b iological value o f  
grains. P rice e t  al. (1 9 8 0 ) have stud ied  th e  levels o f  tann ins 
in  ch ickpea. P haseolus vulgaris w ith  d iffe ren t te s ta  colors 
have been  analyzed fo r  the po iy p h en o lic  com pounds and 
th e  e ffec t o f  these  co m p o u n d s o n  n u tr itio n a l q u a lity  has 
b een  stu d ied  (B ressani and Elias 1979 ; Elias e t al., 1979). 
G riffith s  (1 9 7 9 ) rep o rted  the  in h ib itio n  o f  digestive en­
zym es b y  the  ex trac ts  o f  th e  seed co a t o f  co lou red  varieties 
o f  fie ld  bean ( Vicia fa b a ).

T he m ajo r p ro p o r tio n  o f  ch ickpea  grow n in  th e  w orld  is 
consum ed a f te r  rem oval o f  th e  te s ta  (seed co a t) . W ithin 
th e  cu ltiva ted  species o f  ch ickpea th e re  are tw o  m ain  
g roups o f  p rac tica l im p o rtan ce . O ne group  having a light 
b ro w n  te s ta  (a lthough  w ide v a ria tion  ex ists) co lo r is called 
desi and  th e  o th e r  g roup v /ith  a  salm on  w hite  co lo r is called 
kabu li. S tud ies on  th e  chem ical co m p o s itio n  o f  these  tw o 
g ro u p s revealed sign ifican t d ifferences in  th e ir  seed co a t 
percen tages, c ru d e  fib e r c o n ten ts , and in  m inera l and trace  
e lem en t com positions (Jam b u n a th a n  and  Singh, 1979; 
Ja m b u n a th an  and  Singh, 1981). Seed p ro te in  frac tions, 
e lec tro p h o re tic  p a tte rn s  and  am ino  acid  co m position  o f  
desi and  k a b u li ty p es d id  n o t show  any m ajo r d ifferences 
(S ingh e t al. 1981). We have exam ined  th e  levels o f  tryp-
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sin and  ch y m o try p sin  inh ib ito rs , levels o f  po iypheno lic  
com pounds and  in  v itro  p ro te in  d igestib ility  o f  these tw o 
g roups o f  ch ickpea cultivars and th e  resu lts  are  rep o rted .

MATERIALS & METHODS

Materials
Seed samples of 8 desi (USA-613; 850-3/27; Pant G-114;T-3; 

Annegiri; BG-203; CPS-1; and P-5462) and 7 kabuli (K 4; C-104; 
Rabat; L-550; GL-629; Giaza; and No 501) chickpea cultivars grown 
at Hissar, India (29°N) during the post rainy season of 1977-78 
were obtained by pooling seeds from single plots and were received 
from our chickpea breeding section. For decortication, seed sam­
ples were soaked in an excess o f water at 5°C overnight and the 
testa was removed manually. The decorticated material (dhal) 
was dried overnight at 70°C. Dhal and seed samples were ground in 
a Udy cyclone mill to pass through a 60-mesh sieve and were de­
fatted in a Soxhlet apparatus using hexane. Trypsin (E.C. 3.4 
21.4, 199 u/mg) and chymotrypsin (E.C. 3.4.21.1, 61 p/mg) were 
purchased from Worthington Biochemical Corporation (New Jersey, 
USA). Pepsin, pancreatin and casein were obtained from Sigma 
Chemical Co. (St. Louis, MO, USA). All other chemicals and solv­
ents used were o f AR grade.

Methods o f  analysis
Total nitrogen in each defatted sample was determined by the 

micro-Kjeldahl procedure (AOAC, 1975) and the crude protein 
content was calculated by using a factor of 6.25.

Trypsin inhibitor activity
The trypsin inhibitor activity (TIA) was assayed according to 

Kakade et al. (1969). Trypsin inhibitor was extracted 
by shaking 200 mg o f defatted material with 10 ml o f 0.1M phos­
phate buffer (pH 7.6) at room temperature for 1 hr. The extract was 
diluted fourfold. The aliquots containing 0.2, 0.4, 0.6, and 0.8 ml 
were assayed for trypsin inhibitor activity. Protein content of 
extract was determined according to Lowry et al. (1951) and the 
percentage o f protein extracted was calculated.

Chymotrypsin inhibitor activity
Chymotrypsin inhibitor activity (CIA) was assayed according to 

Kakade et al (1970). Chymotrypsin inhibitor was extracted as 
described above except that 0.1M borate buffer (pH 7.6) was used. 
Protein content o f extract was determined according to Lowry et al. 
(1951) and the percentage o f protein extracted was calculated.

In vitro protein digestibility (IVPD)
An amount of sample containing 6.75 ± 0.1 mg N was placed 

into a 50 ml conical flask and 5 ml of HC1 solution (pH 2.0) con­
taining 2 mg o f pepsin was added. The flask was incubated in a 
water bath shaker for 16 hr at 37°C. Then 2 ml o f pancreatin 
solution was added and the contents were further incubated for 24 
hr. The pancreatin solution was prepared by dissolving 50 mg of 
pancreatin in 100 ml o f 0.1M borate buffer (pH 6.8) containing 
0.025M calcium chloride and the solution was filtered and used. 
Toluene (2 -3  drops) was added during incubation and samples were 
stirred slowly on a mechanical shaker. After 24 hr, the reaction was 
stopped by adding 7.0 ml o f 10% (w/v) trichloracetic acid (TCA) 
and the suspension was centrifuged (10,000 x g, 15 min). The 
residue was washed twice with 5 ml of 5% TCA and the pooled 
supernatants made upto 25 ml with 5% TCA. An aliquot (5.0 ml) 
was taken and evaporated to dryness at low temperature (8 0 -  
90°C) and the nitrogen content was determined by the micro-
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Kjeldahl procedure. The digestibility o f  each sample was calculated 
as nitrogen in sample supernatant m inus nitrogen in enzyme blank 
supernatant expressed as percentage o f nitrogen in the  starting 
material.

polyphenolic com pounds
. The polyphenolic com pounds were extracted from each defatted 

sample (500 mg) by refluxing w ith 50 m l o f m ethanol containing 
HC1 for 4 hr. The extract was concentrated in a ro tary  flash 

evaporator and brought to 25 ml w ith methanoI-HCl. The amounts 
o f phenolic compounds were, estim ated as tannic acid equivalent 
according to the Folin-Denis procedure (Swain and Hills, 1959).

RESULTS & DISCUSSION

Effect o f  seed co a t o n  p ro te in  so lub ility

; T he e ffec t o f  th e  seed co a t o f  desi and  kabu li varieties 
on  p ro te in  ex trac tio n  is show n in  T able 1. T he average seed 
coa t in  desi seed was 16.0% w hile in  kab u li seed th e  average 

5ivas 7.1% . L ow er percen tage  o f  m eal p ro te in  was ex trac ted  
from  desi seed sam ples (5 3 .9 ) as com pared  to  dhal (64 .7 ) 
w hen p hospha te  b u ffe r was used fo r ex trac tio n . Sim ilar 
differences in  th e  ex trac tab ility  o f  p ro te in s  w ere also 
•observed in  th e  case o f  b o ra te  b u ffe r (T able 1). T he d if­
ferences in th e  ex trac tio n  o f  p ro te in  from  th e  seed and dhal 
sam ples o f  kabu li cultivars w ere n o t large. This could  be 
due to  th e  low er a m o u n t o f  seed co a t in  kab u li and  perhaps 
to  th e ir  chem ical n a tu re . T he observed d ifferences in 
p ro te in  ex trac tio n s o f  desi and kabu li seed sam ples in flu ­
enced th e  try p sin  and  chy m o try p sin  in h ib ito r values and 
this is discussed in  th e  follow ing section .

T rypsin  in h ib ito r ac tiv ity  in  dhal and  seed  sam ples

T he try p sin  in h ib ito r  activ ities o f  d h a l and  seed sam ples 
o f  desi and k a b u li cu ltivars are show n in  T able  2. The 
resu lts  show ed th a t  try p sin  in h ib ito r  ac tiv ity  was h igher 
b o th  in  th e  dhal and seed o f  desi w hen  com pared  w ith  
kab u li cultivars. O ne m igh t ex p ec t g rea te r try p sin  in h ib i­
to ry  differences b e tw een  seed sam ples o f  d esi and kab u li 
as com pared  to  d h a l sam ples, b u t th is  w as n o t observed. 
This m ay  be due to  th e  observed low er p ro te in  ex trac tio n  
in  the case o f  seed sam ples o f  desi cu ltivars. W hen th e  
resu lts  w ere expressed as try p sin  in h ib ito r u n its  p e r m g o f  
ex trac ted  p ro te in , desi seed sam ples ex h ib ited  h igher values 
(52 .6  trypsin  un its  in h ib ited ) w hen com pared  w ith  kabu li 
seed sam ples (31 .9  try p sin  un its  in h ib ited ) and th e  observed 
d ifferences fo r d ha l sam ples o f  b o th  ty p es were sm all 
(T able  2). T he in h ib itio n  was a b o u t 70%  h igher in  desi 
seed as com pared  to  k a b u li seed sam ples and  on ly  25% 
h igher in desi as com pared  w ith  kab u li dhal sam ples. T he 
h igher a m o u n t o f  trypsin  in h ib itio n  in  desi seed sam ples 
m igh t have occurred  due  to  th e  ex trac tio n  o f  po lypheno lic  
com pounds from  th e  seed coa t.

C hym otrypsin  in h ib ito r ac tiv ity  o f  dhal and  seed sam ples

T he resu lts  o f  CIA  o f  dhal and seed sam ples o f  desi and 
kab u li cultivars are show n in  T able 2 . Less variab ility  was 
observed in  th e  CIA  th o u g h  th e  m ean  in h ib ito r ac tiv ity  was 
slightly  h igher fo r seed and dhal sam ples o f  desi as com ­
pared  w ith  kabu li cu ltivars. T he m ean  ch ym otrypsin  un its  
inh ib ited  (C U I/m g m eal) w ere 7 .7  u n its  fo r  desi d h a l and 
6.5 un its  fo r  kab u li d ha l w hile it  was 8.1 u n its  fo r desi seed

Table 1-E ffe c t  o f  seed coat on pro te in  extraction1

nro to ln  ex trac ted ; de term ined according to  L o w ry  e t a l. (1 9 5 1 ); n -  num ber o f  cu ltivars.

Seed coat {%) Phosphate buffer*3 Borate bufferb

Cultivar Range Mean Range Mean Range Moan

Desi (n = 8)
Dhal
Seed 12.8-17.6 16.0

59.6-70.2
48.0-61.3

64.7
53.9

59.4-64.9
50.4-57.5

62.6
54.8

Kabuli in = 7) 
Dhal 
Seed 5.7-8.8 7.1

65.4-71.1
61.7-68.4

67.8
63.5

63.9-69.9
60.6-68.4

66.3
64.0

Table 2 -T ryp s in  and chymotrypsin inh ib ition  in decorticated (dhal) and seed samples o f  8  desi and  7 kabuli cultivars

In h ib ito r  un lts /m g meal 
1 In h ib ito r  un its /m g  extracted p ro te in  
: N x 6.25, m o isture free basis 
Standard e rro r o f estim ation

Trypsin inhibition Chymotrypsin inhibition

Protein (%)c Dhal Seed Dhal Seed

Cultivar Dhal Seed a b a b a b a b

Desi:
Range 23 .5 -

29.3
19 .8 -
23.5

9 .3 -
14,6

26 .0 -
41.2

9 .9 -
15.7

37 .4-
60.4

7 .1 -
9.0

20 .6 -
26.8

7 .6 -
8.8

29 .8 -
39.2

Mean 26.0 21.7 12.0 36.0 12.7 52.6 7.7 23.8 8.1 34.4

SE±d 0.3 0.4 0.3 0.7 0.3 0.8 0.1 0.5 0.1 0.4

Kabuli:
Range 2 2 .8 -

27.3
22 .5 -
25.3

6 .7 -
12.3

20 .0 -
39.8

8.1-
12.1

25 .2-
39.2

5 .7 -
9.4

18 .2-
23.4

6 .1 -
8.0

20.1
26.8

Mean 24.6 24.1 9.4 29.2 10.3 31.9 6.5 21.2 7.3 23.2

SE±d 0.3 0.3 0.2 0.5 0.2 0.6 0.1 0.5 0.1 0.5
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Table 3 - I n  v itro  prote in d igestib ility  and polyphenolic compounds in  decorticated (dhal) and seed samples o f  8 desi end 7  kabu li cultivars

Cultivar Seed coat <%)

In vitro digestiblity{%}a Polyphenols (mg/g meal)

Dhal Seed Dhal Seed

Desi:
12.8-17.6 63.7-76.0 52.4-69.0 1.7-2.4 4.1-6.1

16.0 71.0 63.1 2.1
SE±b 0.2 1.3 1.4 0.1 0.1

S.7-8.8 72.7-79.1 70.2-77.6 1.4—2.1 1.9-2.3
7.1 75.3 72.7 1.8 2.1

SE±b 0.1 1.3 1.3 0.1 0.1

j* P e rcen t d ig e s tib le  n itro g e n  
“ S ta n d a rd  e r ro r  o f  e s tim a t io n

Table 4 —Correlation coefficients between protease inh ib itors, polyphenols, seed coat percentage and in v itro  p ro te in  d igestib ility  in  seed sam­
ples o f  15 chickpea cultivars

Protein
(%)

Seed coat 
(%) T I A a Cl A a

Polyphenols
(%)

Seed coat (%) —0.625** —

T IA a -0 .509* 0.493* —
Cl A a -0.331 0.457 0.530* _

Polyphenols (%> —0.627** 0.938** 0.612* 0.507* —
IVPDb 0.134 -0 .7 3 1 ** -0.439 -0.339 - 0 . 8 7 2 * *

a U n its  inh ib lte d /m g  meal 
In v itro  p ro te in  d ig e s tib ility  
♦ S ign ificant at 5% level 

♦♦Significant a t 1% level

and  7.3 un its  fo r kabu li seed sam ples. As observed fo r 
try p s in  in h ib ito r, th e  chy m o try p sin  un its  in h ib ited  (C U I/ 
m g p ro te in ) w ere h igher in  th e  case o f  desi cultivars and the 
m ean  value was 3 4 .4  un its  fo r  desi seed and 23 .2  u n its  fo r 
kabu li seed ind ica ting  th e  possib le ro le o f  seed co a t consti­
tu en ts  in  these  de te rm ina tions.

I t  m ay  be  m en tio n ed  here  th a t m ost o f  th e  p ro tease 
inh ib ito rs  in  legum es are  inactiva ted  by  heat and m ost o f 
th em  p robab ly  destroyed  a fte r  cooking. We also studied  
th is aspect and  fo und  m ost o f  th e  inh ib ito rs w ere inacti­
vated  w hen  ex trac ts  w ere h ea ted  fo r 6 0  m in . T he levels o f 
p ro tease  inh ib ito rs  cou ld  n o t be  assayed in  cooked sam ples 
because the p ro te in  ex trac tab iiity  was considerab ly  reduced  
as th e  resu lt o f  cooking  (unpub lished  data).

In  vitro  protein digestibility and polyphenolic com pounds

R esults o f  in  v itro  digestib ility  stud ies and th e  levels o f  
po lypheno lic  com pounds in  ch ickpea are show n in  T able 3. 
T h e  m ean  values fo r p ro te in  digestib ility  o f  desi seed and 
dhal w ere 63.1  and 71.0%  respectively  and  fo r  kab u li seed 
and  dhal w ere 72 .7  and  75.3%  respectively. D e te rm ina tion  
o f  in  v itro  p ro te in  digestib ility  o f  cooked  sam ples was tried 
and low er values w ere o b ta ined . This m igh t have happened  
as a resu lt o f  th e  fac t th a t p ro te in  ex trac tab iiity  was con­
siderably  reduced  in  cooked  sam ples (unpub lished  data).

T he m ean value o f  po lypheno lic  com pounds (m g/g m eal) 
in  desi seed (4 .7  m g) was m ore than  tw ice th e  a m o u n t th a t 
was p resen t in  desi dhal (2.1 m g/g) w hile a com parison  o f  
th e  m ean  values betw een  kabu li seed (2.1 m g/g) and dhal 
(1 .8  m g/g) show ed no such d ifferences. This observation  
cou ld  again be  re la ted  to  th e  variability  in th e  seed coat 
percen tages in desi and  kabu li cu ltivars (T able 3 ). This was 
confirm ed  b y  by  analyzing the  dhal, w hole seed and  seed 
c o a t sam ples fo r po lypheno lic  com pounds w hich  show ed 
th a t  seed coa t co n tr ib u ted  to  a b o u t 75% o f  to ta l po ly ­
phenolic  com pounds o f  seed in  desi cultivars. S im ilar results 
w ere ob ta ined  by  Bressani and  Elias (1 9 7 9 ) w hen they  
com pared  th e  po lypheno lic  com pounds o f  field bean 
varieties having w hite and  red  seed color.

T he in te rre la tionsh ip s betw een  th e  levels o f  p ro tease  in­
h ib ito rs , po lypheno lic  com pounds , seed coat c o n te n t and 
in  v itro  d igestib ility  o f  p ro te in s  in  ch ickpea w ere w orked  o u t 
and resu lts are show n in  T able 4 . S ta tis tica l analysis was 
carried  o u t as described earlier (S nedecor and C ochran, 
1967). T here  was a positive and significant re la tionsh ip  
b e tw een  the seed coat percen tage and po lypheno ls. T he 
seed coa t percen tage was also negatively and  significantly  
co rre la ted  w ith  th e  in  v itro  p ro te in  d igestib ility . A highly 
s ign ifican t and negative co rre la tion  was observed betw een  
th e  in  v itro  p ro te in  digestib ility  and th e  co n cen tra tio n  o f  
po lypheno lic  com pounds in seed sam ples. T rypsin  and chy­
m o try p sin  in h ib ito r activ ites w ere positively  co rre la ted  
w ith  th e  a m o u n t o f  po lypheno ls. These resu lts are in 
agreem ent w ith  th e  resu lts o fM ilic  e t al. (1 9 7 2 ) w ho stud ied  
th e  activ ity  o f  p u rified  tann ins o n  th e  trypsin  d igestion  o f  
casein. W ater ex trac ts  o f  field  beans w ith  d iffe ren t colored  
te s ta  have also been  rep o rted  to  in h ib it digestive enzym es 
(G riffith s, 1979). _

T he resu lts show ed considerable d ifferences in th e  levels 
o f  try p sin  and chy m o try p sin  inh ib ito rs  and pheno lic  com ­
po u n d s am ong desi and kabu li cultivars. P resum ably  the 
varieites w ith  h igher trypsin  and ch ym otrypsin  inh ib ito rs  
and  tann in s w ould n o t be u tilized  by  m an  as readily  as 
those  varieties th a t  are low  in  these a n tin u tr itio n a l factors. 
B u t ad d itio n a l stud ies are  needed  to  investigate th e  ro le o f  
pheno lic  com pounds o f  desi and kabu li ty p es in  th e  bio- 
availability  o f  o th e r  n u trien ts . As m ost o f  th e  phenolic  
com pounds are loca ted  in  th e  seed co a t, it  appears th a t 
breed ing  fo r varieties having low er seed co a t percentages 
w ould  be  desirable.
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NITROGEN CONVERSION FACTORS.. .  From page 1363

factors are m ore in  line w ith  th e  fa c to r  listed  fo r  soybeans 
in A gricultural H andbook  N o. 8 (1 9 7 5 ) o f  5 .71 , as w ell as 
w ith th e  fac to r recom m ended  b y  A OA C o f  6 .25 (A nony­
m ous, 1979; 1980). H ow ever, th e  fa c to r based on am ino 
acid com position  (F a c to r  M ethod) should  provide th e  m ost 
reliable conversion fac to r (H eidelbaugh e t al., 1975).

C om pu ta tions o f  p ro te in  c o n te n t o f  each  o f  th e  above 
soy p ro te in  p ro d u c ts  from  th e ir  K jeldahl n itrogen  values 
and a com m on conversion fac to r, such  as 6 .2 5 , w ould 
u ndoub ted ly  in tro d u ce  substan tia lly  m ore e rro r in to  the  
dete rm ina tion  o f  p ro te in s in  food  p ro d u c ts  th an  b y  using a 
specific conversion fac to r based up o n  each p ro te in ’s am ino 
acid com position . Since the  fo o d  in d u s try  com m only  
utilizes co m p u te r techno logy  in th e  fo rm u la tio n  o f  food  
p roducts, it  should  be capable o f  u tiliz ing  the K jeldahl 
n itrogen  c o n te n t m ultip lied  b y  a conversion  fa c to r based on  
th e  am ino acid com position  o f  th e  p ro te in  source m aterials. 
I t  can be estim ated  th a t upw ards o f  20% erro r in  p ro te in  
dete rm ina tion  could  be expected  by  u tilizing  conversion 
factors ranging from  5 .6 4 -6 .8 4  (T able  2 ). A n add itional 
and m ost im p o rta n t advantage to  using th e  F a c to r  M ethod 
is th a t th e  am ino  acid com positional d a ta  w ould  enab le  th e  
food  processor to  de te rm ine  th e  lim iting  am ino  acid and 
chem ical score o f  th e  p ro te in  as ind ica to rs o f  its  n u tr itio n a l 
quality .

REFERENCES
A gricultural H an d b o o k  N o. 8, 1 9 7 5 . “ C om position  o f F o o d s ,”

U.S. D ep t, o f  A griculture, W ashington, DC.
A nonym ous. 1979 . J . A ssoc. O fficial A nal. C hem . 6 2 (2 ): 370.
A nonym ous. 1980 . T he refe reee . A ssociation  o f  O fficial A naly tical 

C hem ists. 3 (5 ): 2.
AOAC. 1 9 7 5 . “ O fficial M ethods o f A nalysis,”  1 2 th  ed . A ssociation  

o f  O fficial A naly tica l C hem ists, W ashington, DC.
F in ley , J.W ., Jo h n s to n , P .H ., and  F ried m an , M. 1 9 7 5 . “ P ro te in  

N u tritio n a l Q uality  o f  F o o d s  and  F eeds.”  M arcel D ekker Inc., 
N ew  Y ork.

H eidelbaugh, N .D ., Hu.ber, C.S., B ednarczyk , J .F . ,  S m ith , M.C., 
R a m b a u t, P .C., and  W heeler, H .O . 1 9 7 5 . C om parison o f  th ree  
m eth o d s o f  calculating  p ro te in  c o n te n t o f  foods. J . Agr. F o o d  
C hem . 23 : 611.

M oore, S. 1963 . O n th e  d e te rm in a tio n  o f  cystine  as cyste ic  acid. 
J . Biol. C hem . 2 3 8 (1 ): 235.

R ackis, J .J ., A nderson , R .L ., Sesam e, H .A ., S m ith , A .K ., a n d  V an 
E tte n , C .H . 1961 . A m ino acids in so y b ean  huUs an d  o il m eal 
frac tions . J .  Agr. F o o d  C hem . 9 : 409 .

S m ith , A.IC. and  C ircle, S .J. 1 9 7 1 . Chem ical com position  o f  th e  
seed . In  “ Soybeans: C hem istry  and  T echno logy .”  Avi P ublish­
ing Co., Inc ., W estport, CT.

Spackm an, D .H ., S te in , W .H., and  M oore, S. 1 9 5 8 . A u tom atic  
reco rd in g  ap para tus fo r  u se  in th e  ch ro m atog raphy  of am ino acids. 
A nal. Chem . 30: 1190 .

T o ru n , B. 1979 . N u tritio n a l quality  o f  soybean  p ro te in  isolates: 
S tud ies in  child ren  o f  p reschoo l age. In  “ Soy P ro te in  and  H um an 
N u tritio n ,”  A cadem ic Press, New Y ork .

W olf, W .J. 1971 . P u rifica tio n  and  p roperties o f  th e  p ro te ins. In  
“ Soybeans: C hem istry  and  T echno logy .”  Avi Publishing Co., Inc., 
W estport, CT.

Ms received 1 2 /8 /8 0 ; revised 4 /6 /8 1 ; accep ted  4 /1 0 /8 1 .

T echnical C o n tr ib u tio n  N o. 1 8 7 2  o f  th e  S o u th  Carolina A gricul­
tu ra l E x p erim en t S ta tio n . C lem son Univ.

A pprecia tion  is expressed  fo r  valuable techn ica l assistance b y
F o ste r  W ardlaw , A iko Seo and  D r. P e te r  B urrow s.

Volume 46 (1981)-JOURNAL OF FOOD SCIENCE-1367


