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SUMMARY

Chickpea seed germination was carried out over a period of 6 days. Little variation in the nitrogen and total globulin content was
observed. The major globulin (11 S type) showed higher variation after the 4™ day of germination. The elution behaviour and
distribution of the isolated major globulin fraction on Sepharose CL-6B chromatography showed little modification at the end of
germination. On SDS-PAGE the peak eluted from Sepharose CL-6B showed changes in protein bands between 20 and 30 kDa and
above 60 kDa, indicating protein degradation during the period. Proteolytic activity was detected in the albumin fraction of the
seeds, which increased up to the fourth and then decreased up to the sixth day, when isolated chickpea total globulin and casein were
used as substrates. Chickpea flour, isolated albumin and total globulin fractions did not show an increase for in vitro digestibility;
however, the isolated major globulin was more susceptible to hydrolysis after germination.
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RESUMO

EFEITO DA GERMINACAO DE GRAO-DE-BICO (Cicer arietinum L.) NA GLOBULINA MAJORITARIA E DIGESTIBILIDADE IN VITRO.
A germinacao das sementes de grao-de-bico foi acompanhada por um periodo de 6 dias, no qual pequenas variacoes nos teores de
nitrogénio e globulina total foram registradas. A globulina majoritaria (tipo 11 S) apresentou maiores variacées ap6s o quarto dia
de germinacao. A natureza e distribuicao da fracao globulina majoritaria isolada na cromatografia em Sepharose CL-6B mostrou
pequenas modificagées ao final do periodo de germinagao. A eletroforese em gel de poliacrilamida com dodecilssulfato de sédio do
pico eluido na cromatografia em Sepharose CL-6B demonstra modificacoes nas bandas de proteinas entre os pesos moleculares
de 20 e 30 kDa e acima de 60 kDa, indicando degradacao protéica durante o periodo. Atividade proteolitica foi detectada na fracao
albumina da semente que aumentou até o quarto dia, seguido de queda até o sexto dia de germinacdo, quando da utilizacao de
globulina total isolada da semente e caseina como substratos. Farinha de grao-de-bico, fracoes albumina e globulina total isoladas
nao apresentaram aumento na digestibilidade in vitro; entretanto, a fracao globulina majoritaria isolada foi mais suscetivel a

hidrélise apés germinacao.

Palavras-chave: germinacao, fracoes protéicas, globulina majoritaria, atividade proteolitica, digestibilidade in vitro.

1 - INTRODUCTION

Legume seeds are an important protein source for
human consumption in developing countries. The quali-
tative and quantitative composition of the protein is one
of the basic factors to select plants for nutritive value, and
since globulins are the major proteins in legumes, there
have been too many studies about their characterization in
various species [9]. Different factors appear to contribute
to the poor nutritive value of legume proteins such as the
presence of antinutrients, amino acid composition and
digestibility [6, 7, 19]. The digestibility of legume proteins
is relatively low due to the presence of antiphysiological
factors and structural characteristics of the storage proteins
[6, 11]. In this respect, the enzymatic susceptibility of the
protein fractions appears to be important, since protein
associations, a common fact in legume protein systems,
also affect proteolysis. A considerable variation has been
reported for chickpea protein digestibility in the literature
[7, 22, 31]. However, contrary to other species such as beans
and soybeans, little is known about the role of chickpea
protein fractions.
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Protein characteristics and its mobilization during seed
germination have been extensively studied in some species
[1, 4,6, 11, 25, 29], indicating a slow hydrolysis, whose
mechanism of degradation control is still uncertain. In
addition, germination induces changes in protein [22, 23]
and starch digestibility, which probably also result from
enzymatic action. GANESH KUMAR & VENKATARAMAN
[12] and AHMED et al. [1] observed alterations in the
protein patterns of some legume seeds during germination
using ultrafiltration and PAGE (polyacrylamide gel elec-
trophoresis) and suggested that the changes were legume
species dependent. CHAVAN et al. [7] were emphatic about
the absence of investigations about the mobilization and
characteristics of the different protein fractions from the
cotyledons of chickpea seeds during germination.

We report here the alterations of storage protein frac-
tions from chickpea after their characterization by chro-
matography and polyacrylamide gel electrophoresis and
the determination of in vitro digestibility (IVPD) during
seed germination.

2 - MATERIAL AND METHODS

2.1 - Material

Chickpea (Cicer arietinum L.), cv IAC-Marrocos were
purchased from Instituto Agronémico de Campinas, Cam-
pinas, Sao Paulo, Brazil.
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2.1.1 - Germination

Chickpea seeds were washed with water, soaked in
distilled water and immersed for one minute in a solution
containing 0.001% Benlate (methyl-1-butyl carbamoyl-2-
benzimidazole carbamate). Next, the seeds were drained
and wrapped in appropriate paper (germitest paper)
previously treated with Benlate solution. Germination
was carried out in a germination chamber with enough
moisture at a temperature of 16-18°C in the dark. Only
distilled water was sprayed daily during germination
period. Cotyledons were obtained from seeds at 0, 2, 4
and 6 days germinating for protein studies. At the same
germination times, sprouts were separated from the
seeds. The seeds were manually dehulled; the air-dried
cotyledons were ground to pass through a 60-mesh sie-
ve, defatted in n-hexane (1:8), filtered and dried at room
temperature. The deffated flours obtained were used for
total and non-protein nitrogen determinations, for protein
fractions isolation and for others analyses. All chemicals
used were reagents grade.

2.2 - Methods

2.2.1 - Nitrogen determination

Total nitrogen and protein nitrogen (TCA-precipitable) were
estimated by the microkjeldhal method [5]. The non-protein
nitrogen was extracted from the flour with 10% trichloro-
acetic acid (TCA), homogenized in a magnetic stirrer for 1
h at room temperature, and centrifuged (15000 g/40 min).
The residue was reextracted (2X), the supernatants were
combined and N determined as described above.

2.2.2 - Protein fractionation

Protein fractions were successively extracted from
defatted chickpea flour on each germination day (0, 2,
4, 6 days) (1:10 flour to solvent ratio) with deionized
water and 0.5 M NaCl solution as described by SATHE
& SALUNKHE [28]. The residue remaining after NaCl
extraction was successively extracted with 70% ethanol
and 0.1 N NaOH to separate the prolamin and glutelin
fractions, respectively. The albumins and total globulins
were resuspended in distilled water and lyophilized. The
lyophilized protein fractions from the ungerminated and
germinated seeds were submitted to nitrogen content
determination in triplicate.

The chickpea major globulin from each germination
time was obtained by the procedure described by GANESH
KUMAR, VENTAKARAMAN and APPU RAO [14].

2.2.3 - Gel chromatography

Aliquots (40-60 mg) of lyophilized total and major glo-
bulins isolated from ungerminated and germinated seed
flours were solubilized in 5 mM KPi-buffer, pH 7.5 with 0.5 M
NaCl and separately applied to a column packed with
Sepharose CL-6B resin (2.5 x 100 cm), equilibrated with
the same buffer. Fractions of 5.5 ml were collected with a
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FRAC-100 fraction collector and the protein was monitored
by UV 280 nm. The void volume (Vo) of the column was
determined by the elution of Blue dextran 2000.

2.2.4 - Protein determination

Proteins were determined by the method of LOWRY
et al. [21], using bovine serum albumin as a standard. In
the extraction procedures was used the nitrogen content
multiplied by the 6.25 factor. Absorbance at 280 nm was
also used to monitor protein in the column eluates.

2.2.5 - Sodium dodecylsulfate polyacrylamide
gel electrophoresis (SDS-PAGE)

SDS-PAGE was carried out by the method of LAEMLLI
[20], with 12.5% monomer concentration. The MW ma-
rkers employed were: cytochrome C (12.4 kDa), soybean
trypsin inhibitor (21.5 kDa), carbonic anhydrase (29 kDa),
ovalbumin (45 kDa), and bovine serum albumin (67 kDa).
Relative mobility was determined by the migration of the
bromophenol marker dye.

2.2.6 - Proteolytic activity determination

The presence of proteases in the protein extracts and
the isolated fractions, germinated and ungerminated, was
verified by measuring the hydrolysis grade using 1% casein
as substrate. The proteolytic activity was determined using
the albumin fraction for ungerminated and germinated
seeds, as the enzyme source. Aliquots were prepared in
triplicate for: solution of enzyme: casein, casein whitout
enzyme and only enzyme, followed by incubation of tubes
sealed with parafilm in a water bath at 37°C in a buffer
(KPi-citrate, pH 5.5) mixture. The reactions were initiated
by the enzyme addition (albumin fraction) and interrupted
at different times of incubation (0, 30, 60, 90, 120 e

240 min). The tubes were removed from the bath, and
the contents were diluted with cold distilled water (10X)
and immediately utilized for amino nitrogen determina-
tion according to the method of SPADARO et al. [30] us-
ing L-leucine as a standard. The results were expressed
as pg amino acid/mg protein in the assay after 4 hours
reaction for each germination time. All hydrolysis assays
were performed in triplicate with casein and isolated total
globulin as substrates.

2.2.7 - In vitro digestibility

The in vitro protein digestibility of the flour and all
protein fractions (raw and heated at 121.1°C/15 min) was
determined by the procedure described by AKESON &
STAHMAN [3] using the pepsin and pancreatin sequence
after incubation at 37°C for 3 and 24 h, respectively. The
enzymatic reaction was interrupted by the addition of 10%
TCA, followed by centrifugation and the supernatant used
to determine the amino nitrogen. The extent of hydrolysis
was determined by the increase of free amino groups using
2, 4, 6 -trinitrobenzenesulphonic acid (TNBS) according to
the method of SPADARO et al. [30]. The percentage of total
amino groups was calculated using leucine as a standard
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and the results are expressed in relation to casein (Ham-
marsteen) considered as totally digested (100%). All in vitro
protein assays were performed in triplicate.

3 - RESULTS AND DISCUSSION

Germination of chickpea seeds was uniform for 6 days
under the experimental conditions used. The variation of total
nitrogen in the flours during the period was only 5.61%. The
non protein nitrogen, 10% TCA non-precipitable, increased
by 120.96%, although this level represented a reduction of
only 2.02% of the protein nitrogen. KHALIL & MANSUR [19]
and KHALEQUE et al. [18] reported an increase in protein
content after 3 and 4 days germination for chickpea and faba
beans, respectively. GANESH KUMAR & VENKATARAMAN
[13] observed a drop of 10 and 17.6% in total and protein
nitrogen and an increase of 50% in non protein nitrogen in
germinated chickpea after 72 hs. In relation to the present
experiment, the differences could be related to the cultivar
characteristics and the conditions of temperature germination
adopted by the authors. Variation in Vigna sinensis, Cicer
arietinum and Phaseolus aureus storage proteins were

observed during germination but drastic alterations were
not observed during a period of 72 hs [13].

The chickpea total globulins corresponded to 45.85%
and 37.08% of the total seed proteins at the initial and after
6 days of germination, respectively. The albumin fraction
was 19.10% degraded and the dialysable fraction, corres-
ponding to the difference between salt-solubles proteins
and the sum of albumin and globulin, increased by 67.95%
during germination of chickpea seeds [25]. Table 1 shows a
higher drop in chickpea major globulin between the fourth
and sixth day of germination. This alteration at the final

TABLE 1 - Changes in the major globulin of chickpea (vc IAC-
Marrocos) during germination

Germination (day) Protein®* (mg/g flour) % Reduction

0 54.0+2.3 0

2 48.0+1.8 1.1
4 42.0£2.4 22.2
6 21.0+1.3 61.1

“Determined by the method of Lowry et al. [21] after decorticated/defatted extraction of
5 g flour as described in Methods; °Mean values of three replicates
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FIGURE 1 - Gel filtration chromatography on Sepharose CL-6B (2.5 X 100 cm) of the major (10.3 S) globulin from chickpea. Protein
(44.5 mg) was applied to the column and fractions of 5.5 ml were collected. A to D: O to 6 days germination
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of the germination period had, probably, an effect on the
solubility characteristics and consequently on the proce-
dure adopted for protein isolation, since the total globulin
showed only a small variation during germination. The
alterations after 4 days of germination confirm the results
reported by GANESH KUMAR & VENKATARAMAN [13],
which demonstrated extensive protein degradation at the
end of the process.

The elution pattern of major globulin of ungerminated
seeds through the Sepharose CL-6B gel column (Figure 1)
presented two fractions with the first one eluting next to
the void volume (Vo). The elution behavior and the dis-
tribution of the two fractions showed little modification
during germination (Figure 1). Similarly to total globulin
[25], the first fraction was very turbid and its absorbance
was increased during germination when compared to initial
values. However, the major globulin was reduced, presen-
ting a more disperse peak with different elution volumes
on the fourth and sixth day of germination, thus indicating
the occurrence of a small reduction in the molecular weight
of the major globulin fraction. This fact was also observed
during germination of another chickpea cultivar under
different conditions [14].

SDS-PAGEs of the major globulin in the peak tubes eluted
on Sepharose CL-6B (Figure 2) showed the presence of 6
major protein bands with estimated molecular weights of
55, 52.5, 40.2, 38.5, 35.3 and 23 kDa. Furthermore, a weak
protein band above 60 kDa may represent undissociated
combinations. During germination, the major polypeptides
(38.5 to 55 kDa) showed little changes in relative mobility
behavior and also in Comassie blue band intensity on the
gel. This process was increased at the end of the 6" day
and the protein bands between 20 and 30 kDa and above
60 kDa appeared to undergo higher degradation during
germination period.
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FIGURE 2 - SDS-PAGE of the peaks of major chickpea globulin
with maximum absorbance on Sepharose CL-6B chromato-
graphy. P: MW markers, 1-4: major globulin at 0, 2, 4 and 6
days germination. Protein load on each gel was fifty ug
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Using PAGE, several authors observed a reduction in
the number of protein bands during the germination of
different leguminous seeds as a result of enzymatic degra-
dation [1, 6, 13]. GANESH KUMAR & VENKATARAMAN
[13], using total seed proteins, observed on SDS-PAGE
a progressive decrease in the subunit numbers of higher
molecular weights and the appearance of smaller ones after
9 days of germination.

The proteolytic activity of the chickpea albumin frac-
tion, using chickpea total globulin and casein as substrates
(1:5 enzyme:substrate ratio), showed an increase up to
the fourth day, followed by a small decrease on the sixth
day germination (Table 2). The albumin to globulin ratio
in chickpea seeds was 3:5, consequently, the action of the
acid proteases may be higher than that obtained in vitro.
This increase in proteolytic activity appeared to have been
followed by a small decrease in trypsin inhibitor activity
during chickpea seed germination, as previously observed
in our laboratory [25].

TABLE 2 - Acid protease activitya during chickpea (cv IAC-Mar-
rocos) germination

1g amino acid/mg protein®

Germination (day)

Casein Total chickpea globulin
0 9.97+0.34 10.96+0.42
2 16.1610.72 12.3240.47
4 23.28+1.12 19.44+0.88
6 16.20+0.65 14.46+0.76

2 Enzyme source: isolated chickpea albumin fraction; substrate: casein and isolated
total chickpea globulin; E:S ratio, 1:5; assayed at pH 5.5 for 4 hs; " the assays were
performed in triplicate as described in Methods

The storage protein degradation and the increase in pro-
teolytic activity observed in germinating chickpea seeds are
consistent with various reports [1, 4, 26]. The increase in an
enzymatic system with caseinolytic activity has been observed
during germination of different leguminous species [4, 17,
26, 27]. Protein degradation during 7 days germination was
detected in lentil seeds, accompanied by an increase in the
activity of a caseinolytic enzymatic system [4]. o-N-Benzoyl-
DL-arginine-p-nitroanilide (BAPNA) at pH 8.2 and casein at
PH 5.5 were substrates in the enzymatic activity detected
during germination of Phaseolus vulgaris. However, the
acid protease activity was associated with the disappearance
of major globulin (G-1) and represented a thiol protease
[26]. After 7 days germination of V. faba, C. arietinum and
L. termes, AHMED et al. [1] observed that storage proteins
were degraded and enzymes synthesized at different times of
germination as a characteristic of the seed.

The present results suggest that the low specificity of
the enzymes of the seed to its globulin may indicate that
these structural characteristics, associated with proteolytic
resistance, represent a subtle mechanism of control of
globulin degradation in the germinating process. Chickpea
germination causes alterations in the major globulin
structure, rendering it more susceptible to enzyme attack,
since prior to protease attack the compact structure of the
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globulin needs to be destroyed or altered. These structural
changes can be better observed in the chromatographic
pattern of the Sepharose CL 6B column (Figure 1) and also
in the SDS-PAGE of the peaks of maximum absorbance at
280 nm in this present experiment (Figure 2).

In general, germination did not modify significantly the
in vitro digestibility of the chickpea protein fractions, except
for the major globulin that showed an increase to values near
to those of casein (Table 3). The flour digestibility values
showed a small reduction after 6 days germination, a fact
that could be related to the variation in the composition of
the protein fractions. The albumin fraction showed lower in
vitro digestibility, despite the presence of protease inhibitors
as constituents of the fraction [25]. Consequently, the albu-
min and not the globulin fraction appeared to influence the
digestibility of chickpea flour. GENOVESE & LAJOLO [15]
verified the influence of the trypsin inhibitors of the albumin
fraction in Phaseolus vulgaris on the reduced proteolysis
of the phaseolin and casein mixtures. The authors showed
the interference of residual trypsin inhibitory activity and
temperature with the pepsin-pancreatin digestibility of
legume protein fractions.

TABLE 3 - In vitro protein digestibilitya (IVPD) of chickpea flour
and isolated protein fractions during seed germination

Protein® INITIAL 6" DAY
Chickpea flour 72.36+0.95 66.09+2.96
Albumin 51.22+0.46 51.81+0.04
Total globulin 76.91£3.16 75.71+£1.65
Major globulin 87.57+1.19 97.49+0.46

* Determined by the procedure described by Akeson & Stahman [3], using the pepsin
and pancreatin sequence after incubation at 37°C for 3 h and 24 h, respectively.

» Hammarsten Casein was used as a standard and considered to correspond to
100% digestibility

KHALEQUE et al. [18] found a decrease in trypsin
inhibitor activity and a small increase in the apparent di-
gestibility of chickpea proteins after 4 days germination.
DAGNIA, PETTERSON & FLANAGAN [8] and MOSTAFA &
RHAMA [23] also observed a reduction in trypsin inhibitor
activity during 6 days germination in Lupinus angustifolius
and soybean seeds, respectively. Nevertheless, only soybean
seeds showed increased protein digestibility. In vitro hydroly-
sis assays using trypsin, chymotrypsin and pepsin revealed
that the leguminous storage globulins are less hydrolyzed
than casein and that structural aspects of the molecules are
factors related to this resistance [2, 10, 24, 27].

4 - CONCLUSIONS

The proteolytic activity of the chickpea seeds showed an
increase up to the fourth day followed by a small decrease on
the sixth day germination. This activity was related to albumin
fraction and the increase in proteolytic activity was followed
by a small decrease in trypsin inhibitor activity during the
period of germination. Chickpea germination did not modify
significantly the in vitro digestibility of the protein fractions,
except for the major globulin that showed an increase to
values near to those of casein. The results suggest that the
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germination causes alterations in the major globulin structure
rendering it more susceptible to the enzymes.
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