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ABSTRACT

The effect of germination on the chemical composition such as protein
constituents, total soluble sugars, trypsin inhibitor and polyphenolic compounds
was studied in the seeds of two variety of chickpea. The effect of other
processing such as, soaking, cooking, soaking plus cooking or the germinated
seed on trypsin inhibitory activity (TIA) and the digestion of protein by trypsin
was also investigated to evolve the most suitable methods of processing which
produces a meal of good quality for human consumption from chickpea seeds.
The results could be summarized as follows: (1) Globulins and albumins tend to
decrease as the germination advanced whereas, glutelins and prolamins showed
an opposite trend in the seeds of two variety of chickpea. (2) The solubility of
albumins extracted from germinated seed was slightly decreased compared to the
control indicated slight effect on the pH on minimum solubilities and the same is
true for total globulins.(3) Giza-1 contained higher levels of TIA and
polyphenolic compounds than Giza-531. (4) TIA sharp decrease during the first
24 hr of germination to reach 47.12 and 50.55 % of its amount in ungerminated
sced samples. (5) Polyphenolic compounds were decreased during the first 24 hr
of germination to reach 68.3 and 804 % of its amount in ungerminated seed
samples. (6) Soaking in water for 12 hr reduced TIA to 69.2 and 74.3 % of its
levels of unsoaked seeds of Giza-1 and Giza-531 respectively. Cooking was more
effective than soaking in removing these antinutritional factors when preceded
by soaking, cooking considerably decreased TIA to 35 and 36.7 % of its original
amount in unprocessed samples. Cooking of the germinated seeds was the most
effective processing in reduction of TIA. (7) The SDS-PAGE pattern of albumins
indicated the dissociation of chickpea total albumins extracted from Giza-1 and
Giza-531 into at least 16-19 subunits with molecular weight varied between
14.5-89 KD. Some of the subunits with large and medium molecular size tend to
decrease as the germination advanced. Examination of the total globulins by
SDS-PAGE indicated the presence of at least 14 to 17 subunits with estimated
molecular weights of 15.1 to 141 KD. These subunits could be divided into four
zones according to their molecular sizes. Zone 1, 2, 3 and 4 with indicated
subunits with respective molecular weight of > 66, 44-66, 28-38 and 15.1 to 24
KD. (8) SDS-PAGE was used for examining the in vitro hydrolysis of chickpea
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salt soluble proteins by trypsin. For control the subunits of MW greater than 45
KD was degraded rapidly during the first 10 min of trypsin digestion. Protein
extracted from soaked seed, no remarkable change after incubation with trypsin
for 10 or 15 min. Cooking of soaked seed produced different SDS-PAGE
patterns compared to soaking samples.

INTRODUCTION

On a world-wide basis legume make an important contribution to
human nutrition. Various legumes have long been the main staple food or are
widely consumed by less affluent nations. When maximum nutrient for
minimum cost's have dictated, these have been eaten whole.

Chickpea (Cicer arietinum 1.. ) is a cool-season legume crop grown
mainly for human consumption. In terms of area, it is the world 's third largest
pulse crop (Kadam and Salunkhe, 1989).

Chickpea (Cicer arietinum L. ) is a potential novel protein source which
has not been fully explored. The seed of this legume has about 21-30 % protein
(Khan ef al., 1979 Metry et al, 1988; and Singh et al., 1991). Chickpea like
other legumes, contains trypsin inhibitor, polyphenolic compounds (Price ef al.,
1980, Singh and Jambunathan 1981 and Saini ef al., 1992),

Trypsin inhibitors in legumes have been investigated in relation to
effects on the pancreas (Sato and Herman 1990; Myers ef al, 1991) and
influence on the pancreatic enzymes (Weder and Mueller, 1989, Arentoft ef al.,
1991). As well as reduced animal weight gain (Peace et al., 1991 and Herkelman
et al., 1992). The levels and types of trypsin inhibitors vary between different
legumes, and this will complicate the evaluation of the role proteinase inhibitors
may have as revealed from revious (Pusztai ef al., 1991; Arentoft ef al., 1993,
El-Morsi 1996).

It is widely accepted that simple and inexpensive processing techniques
such as soaking, cooking, autoclaving and germination are effective methods for
reducing the levels of the antinutritional compounds in several legume sceds,
which is essential to improve the nutritional quality of legumes and effectively
utilize their full potential as human food.

Germination has been suggested as an inexpensive and effective method
for improving the quality of legumes, by enhancing their digestibility (Reddy ef
al., 1985), and reducing the content of antinutritional factors (El-Shakankery ef
al, 1991, Vidal-valverde ef al, 1994; Ismail ef al., 1995, El-Morsi, 1996, Heba
Aly 1996).

The objectives of this study were investigate the effects of germination
on chickpea (variety Giza-1 and Giza-531) seed on chemical composition,
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protein constituents, pH solubility profile, SDS-PAGE pattern, trypsin inhibitory
activity (TIA) and polyphenolic compounds (tannins). Other processing
(reatments. soaking, cooking, soaking plus cooking and cooking the germinated
seeds were examined as a method for inactivating or removing TIA.

Our ultimate goal in this work was (o evolve the most suitable methods
of processing which produce meal that has lower or no antinutritional factors
which means producing meal of good quality for human nutrition from chickpea
seeds.

MATERIAL AND METHODS

Seed samples:
The chickpea seeds (Clicer arietinum L.) varicty Giza-1 and Giza-531
were purchased from Agricultural Research centre, Giza, Egypl.

Germination:

The seeds were sorted, cleaned, surface sterilized with 0.05N HgCl
solution (Gupta and Wagle, 1980). Seed germinated for 24, 48, 72, 96 and 125
hr. were immediately frozen and freeze-dried. Ungerminated seed served as a
control.

Soaking:
Sample of chickpea seed Giza-1 and Giza-531 were soaked at room
temperature in lap water (1:3 w/v) for 12 hr.

Cooking;:

Some of the seeds from the soaking process, germination (72 hr.) and
untreated samples were separately cooked for 30 min. in tap water (seed to water
ratio 1:10 w/v).

Proximate analysis:

The chemical composition of the chickpea seed samples were
determined according to the official methods of the Association of Official
Analytical Chemists (AOAC, 1975). The minerals were determined by the
service laboratory for soil, plant and water analysis at soil science department,
Minia faculty of Agriculture, Minia university according to the method described
in the AACC (1969).

Extraction and determination of soluble sugars:

Soluble sugars were extracted according to Macrac and Zand-
Moghdlam (1978) method. Total soluble sugars were determined by the phenol-
sulfuric acid method described by Dubois et al, (1956). Total reducing sugars
were determined by the modified neocuproine method described by Dygert ef al.,
(1965).
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Extraction and determination of protein constituents:

The method of Tella and Ojehomon (1980) was used for extracting the
various protein components of ungerminated and germinated chickpea seeds.
The protein content of each fraction was determined by the biuret method
(Gornall et al., 1949).

Extraction of Trypsin Inhibitor (TT):

Finely, ground defatted sample was suspended in 0.5 M NaCl at ratio of
1:10 (w/v) and stirred for one hr at room temperature. The supernatant obtained
after centrifugation at 6,000 r.p.m for 45 min was used for assaying TIA.

Extraction of Non-protein trypsin inhibitors (NPTI):

The method described by Hafez and Mohamed (1983) was used for
preparing the NPTL. Afier the appropriate dilution, the NPTI activity was
assayed by the same method used to assay the TIA.

Determinof trypsin inhibitor activity (TIA):

TIA were carried out as described by Hamerstrand ef al., (1981)
modified with respect to the initiation of the TIA assay, i.e. trypsin was added
the last component to the inhibitor substrate mixture (Stauffer, 1993). Benzoyl
DL-arginine-p-nitroanilide hydrochloride (BAPA) as synthetic substratc for

trypsin.

Determination of solubility:

Effect of pH on the solubility of salt-extractable protein was determined
as described by El-Morsi (1982). The protein concentration in the supernatant
was measured by recording the absorbance at 280 nm.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE):

The subunits structures of proteins were performed by SDS-PAGE as
described by Laemmli (1970). A mixture of protein standards containing
different proteins (66,000 - 14,200 KD) was treated and run under the same
conditions and the relative mobility of each protein was plotted against its log
molecular weight to obtain the calibration curve.

Determination of Polyphenolic compounds( tannin);

The polyphenolic compounds were extracted from each defatted sample
(500 mg ) by refluxing with 30 ml of methanol containing 1 % HCI for 20 min.
The amount of phenolic compounds were estimated as tannic acid equivalent
according to the Folin-Denis procedure (Swain and Hills, 1959).

Typsin Digestion:

The proleins of chickpea seeds subjected (o some processing treatments
as well as untreated seed, were extracted with 0.5M NaCl for 1 hrat room
temperature [chickpea flour to extractant ratio of 1:5 (w/Av)] with continuous
stirring. Afier centrifugation at 6000 r.p.m. for 20 min, the clear supernatants
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were made 50 mM in Tris-HCI, pH 8.1 prior to trypsin digestion using bovine
pancreatic trypsin at a ratio of 1:10 (w/w) for trypsin to protein. Final protein
concentration of 1.0 mg/ml, CaCl, concentration of 0.01M (Sathe e al., 1983).
Trypsin digestion was conducted at 37°C in water bath for 10 or 15 min. At the
end of incubation period trypsin was inactivated by heating the sample in a
boiling water bath (98°C) for 10 min., then subjected to SDS-PAGE.

Photography of gels:

Immediately afier destaining had completed, the gels were photography
by using a 36.mm camera with Kodak film at an ASA 100. The 36-mm camera
was also al ASA

Scanning of gels:

Gels stained with coomassie Brilliant Blue R-250 were scanned at 580
nm, jonior 24 with PC spectrodensitometer (Helena, France) equipped for
scanning a slab gel up to 10 x 10 cm in dimension.

RESULTS AND DISCUSSIONS

Effect of Germination on chemical composition of chickpea seeds:

Changes in some chemical constituents of chickpea seeds during
germination are presented in Table (1), which showed increasing the crude
protein from 23.63 to 26.59 and 21.60 to 23.59% in the seeds of Giza-1 and
Giza-531 respectively during the first 72 hrs of germination.

Germination of chickpea seeds caused apparent increase in crude fiber
and ash content (Table 1), on other hand, crude fat was decreased by 35.09 and
32.61% of the original amount in ungerminated seeds of Giza-1 and Giza-531
respectively after 120 hr germination.

| Effect of germination on mineral content

The concentrations of iron and calcium were higher in ungerminated
sceds of Giza-531 (8.2 and 200 mg/100 g) than Giza-1 (6.7 and 150 mg/100g)
(Table 2). On the other hand phosphorus content of Giza-1 (540 mg/100 g) was
higher than that recorded in Giza-531 (400 mg/100 g). The levels of calcium
and iron determined in the present work are ina good agreement with those
reported by Singh ef al, (1991) but lower than the values reported by Khan ef
al., (1979) for these two elements in chickpea varicties studied by them except
for iron content of chickpea 6560, The phosphorus content of chickpea samples
studied here were higher than levels observed by Khan ef al., (1979).

Germination increased the levels of iron and phosphorus by 13.4 and }
30% of its original amount of ungerminated seeds of Giza-531 afier 48 and 72 hr 3
of germination respectively and as the germination advanced both element tend ‘*
1o decrease to reach to 73.1 and 122.5% of its original levels for iron and

phosphorus respectively by the end of germination period for Giza-531. . |
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Germination of Giza-1 decreased the levels of iron and phosphorus to account
for 95.5 and 79.6% of its levels in ungerminated sample by the end of the
germination period, also reduced the levels of calcium in the two chickpea
varieties studied in this work to reach 45 and 73.3% of its original levels in the
ungerminated seeds of Giza-531 and Giza-1 respectively after 120 hr of
germination.

Table (2): Effect of germination on minerals content of chickpea seed

(mg/100 sample).

G.p* | ke Ca Fe

(hr) | Giza-1  Giza-531 | Giza-1  Giza-531 | Giza-1  Giza-531
0.0 540 400 150 200 6.7 8.2
24 440 430 90 70 54 9.0
48 440 490 70 90 5.7 9.3
72 430 520 70 90 1.5 83
96 340 430 110 90 6.0 1.5
120 430 490 110 90 6.4 6.0

* Germination period (hr) ; ** Phosphorus.

Effect of germination on carbohydrate contents of chickpea seeds

The total soluble sugars (TSS), total reducing sugars (TRS) and total
non-reducing sug(TNRS) content of the two ungerminated chickpea seeds were
determined to be, 6.65 , 7.50; 2.25,2.42 and 4.40 , 5.08 in Giza-1 and Giza-
531, respectively. The total non-reducing sugars (TNRS) were calculated by
differences. The TSS and TNRS declined sharply during the 24 hr of
germination and then tend to increase as the germination progressed (Fig. 1 A
and B).

It has been suggested by Abrahamsen and Sudia (1966) that a major
portion of the soluble sugars in the dry seeds may be utilized for respiratory
activity during the early stage of germination and this may explain the decrease
of the TSS in the seeds at these stages (Fig. 1 A and B).

The effect of germination on the levels of total non-reducing sugars is
presented in (Fig. 1 A and B), which indicated decreased of their amounts
during the first 24 hr and in some cases 48 hr of germination and then tended to
increase as the germination advanced. This may be attributed to the increase in
sucrose content by the action of -galactosides, which cleaves selectively galactose
from raffinose. stachyose and verbascosec and leaves behind the non-reducing

sugar sucrose.
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Effect of germination on protein constituents in chickpea seeds:

The ungerminated chickpea seeds contained 21.6 and 23.63% crude
protein on a dry weight basis for Giza-531 and Giza-1 respectively. More than
86.89% of the total extractable proteins were extracted with 0.5M NaCl. The
salt-extractable proteins were composed of 21.80 and 23 49% albumins, 66.9
and 67.9% globulins in Giza 531 and Giza-l seeds respectively. The protein
contents of the samples were determined by the biuret procedure and expressed
as the relative percentage of each protein fraction to the total extractable
proteins. Glutelins accounted for 7.5 and 6.01%. and prolamins made of 3.76
and 2.60% of the total extractable proteins from ungerminated chickpea seeds
variety Giza-531 and Giza-1 respectively. The effect of germination on the levels
of various protein fractions in chickpea seeds was studied and the results are
presented in Fig. 2 (A and B). The water soluble proteins (albumins) were
decreased from 21.8% to 13.37% and from 23.49 to 13.79% in the sceds of
variety Giza-1 and Giza-531 afier 120 hr of germination (Fig. 2 A and B). The
globulins were gradually decreased from 66.9% to 46.09% and from 67 9% 1o
51.43% in both chickpea samples (Fig. 2 A and B).

The glutelin showed an opposite trend to that of albumin and globulins.
As shown in (Fig. 2 A and B), the relative percentage of glutelins increased from
6.54 10 37.99% and from 5.01 10 32.31% by the end of the 120 hr of germination
seeds of Giza-531 and Giza-1 respectively,

Germination had no effect on the relative prolamins content during the
first 24 hr of germination, but slight decrease was observed as the germination
progressed (Fig. 2 A and B). The levels of albumin reported in this work are
higher than the levels of 8.1 to 14.1% of the legume seed albumins (Bhatty,
1982). These differences could be attributed to the methods used for extracting
and determining of various protein fractions. Moreover, Bhatty (1982) reported
that the albumin may not be completely extracted or there may be co-
precipitation of albumins with the globulins during their separation by dialysis.
Alternately, the albumins may be contaminated with the globulins, Unlike the
globulins which are storage proteins, the albumins are mostly enzymic or non-
Slorage proteins. However, Murray (1979) showed that albumins of pea
cotyledons were degraded during germination and thus behaved like the
globulins or storage proteins. Similar changes in protein constituents during
germinaling fenugreek seeds were observed by Abdel-Salam ef al., (1991).

Effect of pH on the solubility of the chickpea seed albumins and globulins:
The pH solubility profiles of total albumins and total globulins extracted
from ungerminated and germinated (for 24 and 120 hrs) chickpea seeds are
plotted in Fig. (3A and B and 4A and B), which showed similarity of the six
protein with only minor differences, The PH of minimum solubility occurred
between pH 4.2 10 5.2 and 4.1 1o 5.0 for total albumins of Giza-1 and Giza-531 .
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respectively. and solubility was increased towards the acidic and basic sides (Fig.
3A and B). The solubility of albumins extracted from germinated sced slightly
was decreased compared (o the control and the germination indicated slight
effect on the pH on minimum solubilities (isoclectric pH) and the same is true
for total globulins (Fig. 4A and B). The slight improvement of solubility of
germinated seed albumins and globulins may have resulted from changes in
protein molecular species during germination. Similar increase in solubility has
been reported for germinated faba bean (Hsu ef al, 1982) and germinated
cowpea (Nnanna ef al., 1990).The solubility of total albumins of ungerminated
Giza-1 sced was 60% at pH 2.9 dropping to 15% at pH 4.2 and minimum
solubility in the pH region from 4.2 to 4.3 (Fig. 3A and B). Maximum protein
solubility occurred between pH 8 to 11 and germination slightly increased the
protein solubility at various pH values even at that of the isoelectric point (pH
42 1o 4.3) compared to ungerminated seed albumins (Fig. 3A and B ). Close
similarity was observed between the pH solubility profiles of the total albumins
of Giza-1(Fig. 3A) and Giza-531 (Fig. 3B) sceds.

The pH solubility profiles of total globulins extracted from the sceds of
Giza-1 (Fig. 4A) and Giza-531 (Fig. 4B) indicated that these proteins were less
soluble at pH 2.2 (50%) compared to the albumins (60%). The pH of minimum
solubility (Isoclectric point) was 5.2 and 4.9 for the total globulins of
ungerminated Giza-1 and Giza-531 seeds respectively. Al the isoclectric points
of the six proteins studied here about 10 to 25% of the proteins still soluble ( Fig.
3 and 4 ), this may be due to the composition of the proteins since some profeins.
albumins and some globulins may not precipitate at the isoclectric pH (El-Morsi
et al, 1984, 1993, Lasztity ef al., 1985). The minimum solubility of the protein
of chickpea seeds which occurred at the pH region from 4.2 10 5.2 in Giza-1 and
11 to 50 in Giza-531, could be attributed the proximity of these pH values to
their isoelectric points, where most of the amino acid could exist in the
swilterionic form. The pH- solubility profiles shown in Fig. 3 0 4 could be the
basis for the isolation of chickpea proteins by extraction near or above neutrality
and scparating them from the extracts by adjusting cach to the pH of its
isoelectric .

The pH solubility profiles reported in this work are similar (o those
depicted for legume seed proteins studied by other workers (El-Morsi ef al..
1993 Ismail 1995, Amal Taha, 1996).

Antinutitional factors in ungerminated seeds:

The levels of trypsin inhibitory activity (TIA) and polyphenolic
compounds (Tannin) in the sceds of chickpea varicties studied in this work are
presented in Table (3). Giza-1 contained higher levels of total trypsin inhibitor
(12 mg / g seed) than Giza-531 (10.9 mg / g seed ). These values are higher than
those reported (3.23-7.66 mg/g seed) by Saini ef al., (1992) for bovine or human
or porcine trypsin in several chickpea varieties. They reported that the upper and
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lower limits of their data on trypsin inhibitor activities in chickpea varictics arc
within a 2.1-2.5 fold variation in inhibitor activity against one particular enzyme
excepl for bovine chymotrypsin (3.3 fold variation ).

Table (3): Antinutritional factors content in whole sceds of chickpea.

Varieties
Component Giza-1 Giza-531
TIA (mg/g) 1241.22 10.9%1.1
NPTIA (mg/g) 4.13%06 5.06£0.7
Tannin (mg/g) 5.10%0.9 4.8010.6

TIA = Trypsin Inhibitor Activity ;
NPTIA = Non-Protein Trypsin Inhibitory Activity

It should be noted that differences in the method used for quantification,
varietal differences or location and year of harvestcould account for large
variations of inhibitor activities, irrespective the type of enzyme used to monitor
inhibitor activity (Saini ef al., 1992). After precipitation of protein from crude
inhibitor extract of chickpea seeds by adding trichloroacetic acid, some of trypsin
inhibitor activity was detected in the supernatant and referred (o as non-protein
trypsin_inhibitory activity (NPTIA) which amounted 4.13 and 5.06 mg / g seed
of Giza-1 and Giza-531 respectively. These data indicate that NPTIA accounted
for 34.4% and 46.4% of TTIA in the seeds of Giza-1 and Giza-531 respectively.
These values are higher than 25% reported for kidney bean by Abdel-Naem,
(1989) and Hafcz and Mohamed (1983) who reported of the TTIA in winged
beans 3.4-14,2% was NPTI depending on cultivars.

Polyphenolic compounds (tannin) contents of the whole chickpea seeds
made of 5.1 and 4.8 mg/g of Giza-1 and Giza-531 respectively. The mean values
of phenolic compounds of two chickpea varieties studied here are within the
levels (4.1-6.1 mg/g seed) reported by Singh and Jambunathan (1981). The
difference could be attributed to environmental and genetical effects.

Effect of germination on trypsin inhibitory activity:

Total trypsin inhibitory activity (TIA) was determincd in ungerminated
chickpea seed and daily during germination for 120 hr and the results are
presented in (Fig. 5) which indicated sharp decrease in TIA during the first 24
hr of germination to 47.12 and 50.55% of its amount in ungerminated seeds
(control) of Giza-1 and Giza-531 respectively. This was followed by gradual
declinc as germination progressed to reach to about 30% of the control afier 72
hr of germination and increasing the germination period to 120 hr produced only
slight decrease of TIA to reach about 27.9 and 27.5% of the control by the end of
the germination period (120 hr).
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NPTIA in the seeds of Giza-1 declined sharply during the first 24 hr of
germination and tend to show some increase following 72 hr of germination
(Fig. 6). Different pattern was observed as result of germination on NPTIA in
Giza-531.

Several investigators have reported different results regarding the effect
of germination on TIA in legume seeds. During germination, TIA decreased in
chickpea (Savage and Thomposon 1993), kidney bean and Vicia faba beans
(Ismail er al, 1995), faba bean (Rahma ef al., 1987), cowpea (El-Shakankery ef
al, 1991, Issaetal, 1994, Ismail ef al.; 1995) and lentils (Vidal-vaverde et al ,
1994). However, other workers observed little or no change in TIA afier
germination of mungbean (Noor ef al., 1980), winged bean (King and Puwastein
1987) and lentils (Weder and Link 1993). Chang and Harrold (1988) found that
germination of navy beans (Pindak cultivar ) increased TIA by 46.2% and 39.2%
afier 3 and 6 day of germination respectively.

The decrease in TIA in the germinated seeds may result from the
proteolytic degradation of the inhibitors during germination (Gupta and Wagle,
1980 and Hamza ef al., 1986).

The effect of germination on polyphenolic compounds:

The effect of germination on polyphenolic compounds content (tannin)
of the two chickpea varicties are presented in (Fig. 7) which indicated rapid
decreases in tannin content during the first 24 hr of germination to reach 68.3
and 80.4% of its amount in ungerminated seeds of Giza-531 and Giza-1
respectively. As the germination advanced the tannin content tend to increase
gradually to account for about two fold of that recorded in ungerminated seeds.

Our data arc in accordance with that reported for lentils (increase of
tannin content by 152% after 6 days of germination ) (Vidal-valverde et al.,
1994). Moreover , Heba Aly (1996) observed reduction in tannin content during
the first 24 hr of germination by 41.5% and 48.5% of its amount in
ungerminated sceds of cowpea and kidney bean respectively but the tannin
content tend lo increase as the germination progressed to reach to 139, 146 and
246% of its levels in the ungerminated samples of kidney bean variety Giza-3
and Giza-6 and cowpea variety cream 7 respectively by the end of germination
period (120 hr). Ismail er al, (1995) reported different results regarding the
effect of germination on tannin content in three legume samples. They indicated
reduction in cowpea tannin during the first 24 hr of germination , then decreased
al faster rate to reach to 52.5% of its amount in the ungerminated seed and the
tannin content decrcased to 70.7% and 58.2% of its levels in ungerminated
kidney bean and field bean, respectively.

Effect of processing treatments on TIA:
The effect of several processing treatments, namely soaking, cooking,
soaking plus cooking or cooking the seed germinated for 72 hr on TIA were
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studied and the results are presented in (Fig. 8). In general, all processing
treatments decrcased the TIA by varying degrees and non of the processing
treatments resulted in complete removal of TIA but the greatest decrease
compared to unprocessed sample (control) was observed for germinated- cooked
samples.

Soaking in water for 12 hr resulted in decline of TIA to 69.2 and 74.3%
of its levels of unsoaked seeds of Giza-1 and Giza-531 respectively and the
cooking was morc effective than soaking in removing these antinutritional
factors. Soaking and cooking considerably decreased TIA to 35 and 36.7% of ils
original amounts in unprocessed seeds of Giza-1 and Giza-53 1 respectively. This
indicated that soaking plus cooking inactivated TIA more than applying one of
two treatments alone. Similar observations were observed by other workers
(Salunkhe and Kadam,1989; Barampama and Simard, 1994; Ismail ef al., 1995)
in legume sceds subjected to soaking or cooking treatments.

It is evident from the data show in (Fig. 8) that cooking the germinated
seeds was the most effective processing in reduction of TIA . As mentioned
before the TIA was decreased to about 30% of its level afier 72 hr of germinating
chickpea seeds compared to raw samples. Higher reduction in TIA was observed
in germinated cooked chickpea seeds (Fig. 8 ). According to Salunkhe and
Kadam (1989) cooking improved the protein digestibility which attributed to
protein denaturation and inactivation of TIA by heat treatment. Several
investigator (Baramparma and Simard. 1994; Ismail et al, 1995) observed
higher values for protein digestibility when legume seeds cooked after soaking or
germination,

Effect of germination on subunit structures of total albumins and total
globulins:

The SDS-PAG electrophoretic patterns of the total albumins and
globulins separated from the seeds of Giza-1 and Giza-531 together with protein
standard are presented in (Fig. 9).

The electrophoretic patterns presented in  Fig. 9a, indicated the
dissociation of the total albumins extracted from Giza-1 and Giza-531 into at
least 16 and 19 subunits with molecular weights (MW) varied from 14.5 (o 89
(KD).

Densitomertic scanning of gels shown in (Fig. 10), which were used for
quantitating the concentration from the area ratio of a peak to the total peaks
which means analyzing all subunits of the protein in one measurements.

The most abundant subunits of total albumins isolated from
ungerminated seed (control) of variety Giza-1 was that of 26.3 KD which made
more than 30% of the total subunits followed by the subunit of 20.9 KD. .

www.manaraa.com



1010 Annals of Agric. Sc., Moshtohor, Vol. 34(3), 1996

s ¢, 1 23 45 C1 23 45

Fig. ( 2 ): SDS-PAGE patterns of chickpea albumins (a) and globulins (b).

S: Standard proteins; Cy: Control of Giza-1; C; Control of

Giza-531 and 1, 2, 3, 4 and 5 gevmination periods.
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(account for 15.4% of the total concentration). Each of subunits with molecular
weight of 64.5, 46.7 and 14.5 accounted for about 10% of total concentration.
For the Giza-531. fotal albumins, subunit with MW of 17.4 KD was the most
predominant which made about 27% of total albumins. This was followed by
subunit of 38 KD which accounted for 19% of total concentration. Subunits with
MW of 57.5 KD represented about 10% of total protein.

Varietal differences were evident from the SDS-PAGE patterns of the
two chickpea varietics used in this work (Fig. 9a) .

Germination for 24 hr resulted in some changes in the SDS-PAGE
patterns of the total albumins of the two chickpea seed varieties (Fig. 9a). As the
germination advanced the intensity of some of the subunits with large and
medium molecular size tend to decrease and this was accompaby increasing the
concentration of the smaller polypeptide with relative molecular masses of 14.5
{0 30.1 KD by the end of 96 hr of germination as a result of protcolytic
degradation during germination. By the end of germination period (120 hr) the
low molecular weight subunits (14.5 to 30) was drastically decrease and this was
much more apparent in the albumins of Giza-531 (Fig. 9a) compared to Giza-1
(Fig. 9a).

Examination of the total globulins by SDS-PAGE indicated the
presence of at least 14 to 17 subunits for that of Giza-1 and Giza-531
respectively with estimated molecular weights of 15.1 to 141 KD (Fig. 9b).

These subunits could be divided into four zones according to their
molecular sizes. Zone 1.2.3 and 4 which indicated subunits with respective
molecular weight of > 66 , 44-66, 28-38, 15.1 to 24 KD.

It is evident from the SDS-PAGE palterns shown in (Fig. 9) and the
densitomteric scanning of these gels (Fig. 11), that the subunits of zone 3 (MW
28-38 KD) are the most abundant ones in the sced of two chickpea varieties and
{he staining intensity of this zone was increased markedly during the first 24 hr
of germination but decreased gradually as the germination progressed especially
in the Giza-531 globulins (Fig. 9b) and this was the case for many other subunits
of the other zones.

Following the first 24 hr of germination of chickpea sced variety Giza-
I the rate of degradation of globulin subunits in zone 3 was slower than that
observed in the same protein extracted from Giza-531 (Fig. 9b).

Reserve protein degradation during germination has been similarly
shown in other legumes including chickpea (Kumar and Venkataraman, 1978),
peas (Konopska, 1979), mungbean (Chrispecls and Boulter, 1975) and great
northern beans (Sathe ef al, 1983). However, the biological control(s) which
delay reserve protein degradation during germination remain (o be elucidated.
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In general. the change in electrophoretic patterns of proteins during
germination are similag in some aspects with those reporied by many other
investigators (Kumar and Venkataraman, 1978; Abdel-Salam ef al., 1991 El-
Morsi ef al., 1992 and Ahmed ef al., 1995).

Digestion of salt extractable proteins by trypsin:

SDS-PAGE was used for examining the in vitro hydrolysis of chickpea
salt soluble proteins by trypsin and the results arpresented in Fig. 12. For control
(ungerminated sceds ) the subunits with molecular sizes greater than 45 KD
were degraded rapidly during the first 10 min of trypsin digestion (Fig. 12 lane
1.2) further hydrolysis of most the subunits was apparent when enzyme digestion
was increased to 15 min (Fig 12 lane 3).

The SDS-PAGE patterns of proteins extracted from soaked seed showed
no remarkable change afier incubation with trypsin for 10 or 15 min (Fig. 12
lane 10,11 and 12) cooking of soaked seed produced different SDS-PAGE
patterns compared to soaked sample and the subunits with molecular massed
greater than 35 KD were rapidly hydrolysed by trypsin with the appearance of
subunits with molecular weight of about 39.5 KD and increasing the period of
trypsin digestion produced no change SDS-PAGE patterns (Fig. 12 lane 13, 14.
15).

Qualitative subunits patterns of trypsin digested proteins of cooked seed
were the same regardless of digestion period (Fig. 12 lane 5 and 6). Incubation
of the proteins extracted from cooked seed with trypsin resulted in degradation of
subunits with molecular sizes of about 37, 44 KD or larger with the formation of
subunits with molecular weight of about 29.5 KD which was resistant to trypsin
digestion (Fig. 12 lane 4,5 and 6 ). Furthermore, subunit with MW of about 20
KD was also staple towards trypsin digestion (Fig. 12 lane 5 and 6). Treating the
protein extracted from cooked germinated seed produced slight SDS-PAGE
patterns compared (o undigested samples (Fig. 12 lane 7.8 and 9). The subunits
with molecular sizes of about 66 KD or more were hydrolyzed with the
formation of subunit with molecular weight of about 23 KD. The same subunits
of 29.5 and 20 KD as well as other subunits remained after incubation with
trypsin for 10 and 15 min (Fig 12 lane 8 and 9).

The resistance of some storage proteins (o proteolytic digestion in vitro
is in agreement with the in vitro resistance to proteolysis of major storage
proteins of scveral legumes reported in literature (Sathe ef al., 1982, 1983 and
Nielsen 1991).

Heat (reatment greatly improved the digestibility of most but perhaps
not all, legume protein fractions. An in vivo study by Antunes and Sgurbieri
(1980) and in vitro study of Sathe et al., (1982) indicated that heat treatment
improved the digestibility of both albumin and globulin fraction from Phaseolus
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S 101 12 S 13 11 15

Fig.(12):SDS-PAGE patierns of treated globulins

by trypsin and various processing of chickpea seed

1- Control 10- Soaking

2- Control + trypsin (10 min) 11- Soaking 1 trypsin (10 min)

3- Coutrol t trypsin (15 min) 12- Soaking + trypsin (15 min)

4- Cooking 13- Soaking + Cooking

5. Cooking + trypsin (10 min) 14- Sonking + Cpoking + trypsin (10 min)
6- Cooldng + trypsin (15 min) 15- Sonking + Cooking + (rypsiu (15 min)
7- Germination + Cooking

8- Germination 4 Cooling 1 trypsin (10 min)

9- Germination + Cooking ¢ teypsin (15 min)
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vulgaris. However. in vitro studies by Deshpande and Nielsen (1987) suggested
that the digestibility of the albumin fraction may be reduced upon heating.
Protcin-protein  interactions in the albumin fraction apparently lead to the

formation of high molccular weight aggregate not readily for enzyme attack. The
subunit with estimated molecular mass of about 29.5 KD which was quite
resistant to proteolysis both during germination and trypsin digestion (Fig. 12
lane 5.6.7.8and 9). This polypeptide generated during germination and the in
vitro protein hydrolysis which suggests that the endopeptidase activity suggested
to be responsible for initiation of reserve prolein degradation and discussed by
Mosse and Pernollet (1982) may have specificity similar to trypsin. Change and
Satterlee (1982) have reported heating the major storage protein of the Great
Northern bean at 90°C in 50 mM phosphate buffer (pH 7) had improved in vifro
digestibility but was not completely digested. The reasons for such resistance of
the major storage proteins of legume to in vifro proteolysis remain unclear.

Sathe ef al., (1983) reported the presence of subunit with estimated
molecular weight of 29.85 KD, in the protein of Great Northern beans, which
was resistance to trypsin digestion but it completely hydrolyzed in heat treated
and 4 hr trypsin digested samples
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