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sin’ and chymotrypsm inhibitors, levels of polyphenolu:
compounds and in’ vitro protein digestibility of these two
groups of chickpea cultivars and the results are reported.

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 (K4; C~104,
Rabat; L-550; GL-629; Glaza, and No 501) cluckpea 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 recewed
from our cluckpea breeding section. For decortication, seed sam-
ples were soaked in an excess of water at 5°C overnight and the
testa’ was - removed manually. The decorticated material (dhal)
was dried overnight at 70°C. Dhal and seed sampies 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. 34
21.4, 199 u/mg) and chymotrypsin (E.C. 3.4.21.1, 61 u/mp) were
purchased from Worthington Biochemical Corporanon (New Jersey,
USA). Pepsm, pancreatin and casein were obtained from Sigma

Chemical Co. (St. Louis, MO, USA). All other chemicals and solv—
ents used were of AR grade.

Methods of analysis

Total nitrogen in each defatted sample was determined by the
micro-Kjeldahl procedure (AOCAC, 1975) and the crude protein
content was calculated by using a factor of 6.25.

Trypsin inhibitor activity

“The trypsm inhibitor acthty (’I’IA) was assayed according .to
Kakade ‘et ‘al. (1969)." Trypsin' “intibitor was  extracted
by shaking 200 mg of defalted material with 10 ml of 0.1M phos-
phate buffer (pH 7.6} at room temperature for 1 hr, The extract was
dituted fourfold, The aliquots containing 0.2, 0.4, 0.6, and 0.8 ml

;were assayed for trypsin inhibitor activity. Protein content of
ve\tract was d“termmed accordmg to Lowry et al. (1951) and the
percentage of protein ‘extracted was calculated,

Chymotrypsm mh"bltor acnvnty

Chymotrypsm ll‘lhlbltm‘ actmty (CIA) was assayed accordmg to
Kakade et al (1970). Chymotry psin inhibitor was. extracted as.
described above except that 0.1M borate buffer (pH 1. 6) was used,
Protein content of extract was detérmined according to Lowry etal.
(1951) and the percentage of protein éxtracted was calculated.:

In vitro protem d:gestlblhty (IVPD)

" AR amount of sample containing 6.75 = 0.1 mg N was placed.

_mlo a 50 m! conical flask and 5 mi of HCI solution (pH 2.0} con-"

‘taining 2 mg of | pepsin was ‘added. The flask was incubated in a
water bath shaker for 16 hr at 37°C. Then 2 ml of 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- m} of 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 & mechanical shaker. After 24 hr, the reaction was,
stopped by addmg ‘0 ml of 10% (w/v) trichloracetic acid (TCA)

[ was centnfuged (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 (80—
90°C) and the nitrogen content was determined by the micro-
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'henollc compounds

nplé (500 mg) by refluxing with 50 ml of methanol containing
HCI for 4 hr. The extract was concentrated in a rotary flash
tor and brought to 25 ml with methanol-HCI. The amounts
fienolic compounds were. estimated as tannic acid equivalent
ng to the Folin-Denis procedure (Swain and Hills, 1959).

RESULTS& DISCUSSION- IR

of seed coat on protein solubility = -

effect of the seed coat of desi and kabuli varieties
rotein extraction is shown in Table 1. The average seed
1 desi seed was 16.0% while in kabuli seed the average
1;0. Lower percentage of meal protein was extracted
desi seed samples (53.9) as compared to, dhal (64.7)
phosphate buffer was used for extraction. Similar
ces in the extractability of proteins were also
ed in the case of borate buffer (Table 1). The dif-
ices in the extraction of protein from the seed and dhal
es of kabuli cultivars were not large. This could be
he lower amount of seed coat in kabuli and perhaps
heir chemical nature. The observed differences in
n extractions of desi and kabuli seed samples influ-

he trypsin and chymotrypsin inhibitor values and
this is discussed in the following section.

Effect of seed coat an protein extraction®

e polyphenolxc compounds were extracted from each det‘atted'

ahl procedure The dlgestlblhty of each’ sample was calt,ulated: o
gen in sample supernatant minus nitrogen in enzyme blank'_.,;i
tant’ expressed as percentage of mtrogen m the starting -

results were expressed as trypsm inhibitor umts pe mg of
extracted protein, desi seed samples exhibited highe values
(52.6 trypsin units inhibited) when compared- wit! buli
seed samples (31.9 trypsin units lnhlbltEd) and the observed.
differences for dhal samples of both types weré small -
(Table 2). The inhibition was about 70% higher in desi

. seed. as compared to- Kabuli seed: samples. and only: 25%

higher in desi as compared with kabuli dhal samples.. The
higher amount of trypsin inhibition in desi ‘seed samples.
might have occurred due to the extraction of polyphenohc‘n
compounds from the seed coat. . o

' Chymotrypsin inhibitor actw:ty of dhal and Sééazéamples

"The results of CIA of dhal and seed samples of desi- and’;v
kabuli cultivars are shown in Table 2. Less variability was-
observed in the CIA though the mean inhibitor activity was

" slightly higher for seed and dhal samples of desi as. com-

pared with kabuli cultivars. The mean chymotrypsm units -
inhibited (CUl/mg meal) were 7.7 units for desi dhal and"
6.5 units for kabuli dhal while 1t was 8. 1 umts for des1 seed )

Seed coat {3}

Phosphate bufferl. Borate buffer®

"Range Mean Range Mean B‘ar’lgef Mean -
o 59.6-70.2 64.7 59.4-64.9 628
712.8-176 16.0 48.0-61.3 53.9 50.4-57.5: 54.8
, 65.4--71.1. 678 63.9-69.9 66.3.
57-88 7.4 61.7--68.4 635 60.6-68.4 64.0
" Trypsin inhibition Chymotryps:n mh;bmon )
 Protein {%)C Dhal  seed. Dhal Seed _
236-.  19.8= 93— 260~ 99~ 374~ 71— 206= 7.6< " 208~
29.3 235 146 a2 157 604 9.0 - 268 8.8 39.2
26.0 21.7 12.0 36.0 127 526 77 238 81 344
03 0.4 0.3 0.7 03 08 . 0.1 . 05 0.1 0.4
228 225~ 7~  200— - 81— 262- 57—  18.2— 6.1= 201
273 253 12.3 39.8 124 39.2 94 234 8.0 2638
246 241 94 292 103 319 8.5 212 73 232
03 03 ‘02 05 0.2 06 01 05 0.1 05

hibltor unlts/mg meal . -

hibitor units/mg extracted proteln

d ‘% 6.25, moisture free basls
Standard arror of estimation
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protem dlgest.'brlrty and polyphenolrc compounds in decort/cated {dhal} and seed sampfes of 8 des: and 7 kabuli cultlvars ’

In vitro dlgestlbhtv{ ,av

Polyphenols (mglg meal)

Cultivar “ Seed coat {%) :. Dhal. Seed. . Dhal - Seed
12.8-176. 63.7-76.0- 52.4—69.0 1.7-24 4.1-6.1
160 710 83.1 21 47 -

‘02 13 14 01 - S
57-88 72.7-79.1° 70.2-77.6 14-2.1" 1.9-2.3

ST 753 72.7 18 2.1

RN N T 13 - 13 01 - 0.1

: b nt d!gestible nltrogen :
Standard error of estimation -

‘Table 4=Correlation coefficients between protease inhibitors, polyphenols, seed coat percentage and in vitro protein digestibility in seed sam-

‘ples of 15 chickpea cultivars

Protem Seed coat - Polyphenals
N %) %) TIA? ‘CIA? A%
,'S‘ dcoat( ) - ~0.625‘*v =
' ‘—0'509*‘ ' ©'0.493%° -
~0.331:. 0457 0.530* Lo
{9} '—0627** 0.938** 0.612* 0.507* L=
' 0134 -0.731** ~0.439 -0.339. —0.872**

4 g Units Inhibited/mg meal’

n vitro proteln digesklblllty
*Signiflcant at 5% level .
*Slgniﬂcant at 1% Ievel

j’and.’, 7.3 units for kabuli seed samples As observed for
“trypsin’ mhrbltor, ‘the chymotrypsm units inhibited (CUL/
‘mg’ protem) were hrgher in the case of desi cultivars and the
‘mean. value was 34.4 units for desi seed and 23.2 units for
‘kabuh seed mdlcatmg the p0551b1e role of seed coat constt»

mhlbltors in legumes are mactwated by heat and most of
obably destroyed after cookrng We also studred
aspe
whe extracts were heated for 60 mm The leveIs of

.Results of in vitro dlgest1b111ty studres and the levels of
lyphenohc compounds in chrckpea are shown in Table 3.

PC
Thy v‘mean “values for. protein digestibility’ of desi seed and
- dhal were 63, 1 and 71.0% respectively and for kabuh seed . . .

‘and dhal were 72.7 and. 75.3%

: ind lower values were obtained. This might have happened

srderably reduced in cooked samples (unpublished data).
.2 The mean value of polyphenolic compounds (mg/g meal)
in desi seed: (4 7 mg) was.more than twice the amount that
_was’ present in desi dhal (2.1 mg/g) while a comparison of
-the mean values between kabuli seed (2.1 mg/g) and dhal
f(I 8: mg/g) showed no such differences. This’ observation
“could. again be related to the variability in the seed coat
percentages in desi and kabuh cultivars (Table 3). This was
confirmed by by analyzmg the dhal, whole ‘seed and seed
N coat samples for polyphenolic compounds which showed
‘thdt seed ‘coat contributed to about 75% of total poly-
~ phenolic compounds of seed in desi cultivars. Similar results
" were. obtained by Bressani and Elias’ (1979) when they
':"compared the polyphenohc compounds of field bean
vmg whrte and red seed color.
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“result of the fact that protein extmctabrhty was con-

The interrelationships between the levels of protease in-
hibitors, polyphenolic compounds seed coat content and
in vitro dlgestlb}.hty of proteins in chickpea were worked out
and results are shown in Table 4. Statistical analysis was
carried out as described earlier (Snedecor and Cochran,
1967). There was a positive and significant relationship
between the seed coat percentage and polyphenols. The
seed coat. percentage was also negatively and significantly
correlated with the in vitro protein digestibility. A highly
significant and negative correlation was observed between
the in vitro protein dxgestlbmty and the concentration of
polyphenolic compounds in seed samples. Trypsin and chy-
motrypsin- inhibitor activites were positively correlated
with- the amount of polyphenols. These results are in
agreement with the results of Milic et al. (1972) who studied

‘the actlvrty of purified tannins on the trypsin digestion of

casein. Water extracts of field beans with different colored

" testa have also been reported to inhibit drgestwe enzymes

(anfrths 1979).
The' results showed cons1derable d1fferences in the leveis

respectively. Determination ‘._v_'_'of trypsm ‘and chymotrypsin inhibitors and phenolic com-

vi ,o"protem digestiblllty of cooked samples was tried

pounds among desi and kabuli cultivars. Presumably the
varieites' with higher trypsin and’ chymotrypsin inhibitors
and tannins would not be utilized: by man as readily as
those varieties that are low in these antinutritional factors.

~ But additional studies are needed to investigate the role of

phenolic compounds of desi and kabuli types in the bio-
availability of other nutrents. As. most of the phenolic
compounds are located in the seed coaf, it appears that
breeding for varieties having lower seed coat percentagesv
would be desirable.
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hithe factor recommended by AOAC of 6.25 (Anony-
1979; 1980). However, the factor based on amino
‘composition (Factor Method) should provide the most
ble conversion factor (Heidelbaugh et al., 1975)..

'Computanons ‘of protein content of each of the above
protem products- from their Kjeldahl nitrogen values
" common conversion factor, such as 6.25, would
oubtedly introduce substantxally more error mto the
mination of proteins in food prodiicts than by using a
specific conversion factor based upon each protein’s amino
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utilize 'computer technology in the formulation of food
cts, it should be capable of utilizing the Kjeldahl
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mination could be expected by utilizing conversion

most important advantage to using the Factor Method
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