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ABSTRACT

Enzyme activities and mobilization of seed storage substanceswereinves-
tigated in BARI-4, BARI-5, and BARI-6 varieties of Chickpeaseed (Cicer
arietinum L.) at different germination periods. Among the varieties, the
highest urease activity wasfound in BARI-4 and lowest in BARI-5 during
germination at 192 hoursin water. Of the varieties, BARI-4 contained the
highest and BARI-6 contained the lowest amylase activity during 144 hours.
Among the varieties, the maximum activity of invertasewasfoundin BARI-
5and minimumin BARI-6 at 144 hoursof germination. Theactivity of lipase
was highest inBARI-4 and lowest in BARI-5. The highest protease activity
was found in BARI-5 and lowest in BARI-4. The amount of total protein
and water soluble protein were found to be highest in BARI-5 and lowest in
BARI-4. During germination, protein depletion starts after initial imbibi-
tions, and iscompleted in 240-288 hours. The variety BARI-4 wasfound to
contain the highest amount of free sugar while BARI-6 contained the low-
est amount. Of the varieties, BARI-5 was found to contain the highest
amount of reducing sugar and BARI-4 contained the lowest amount. The
highest amount of starch wasfound in BARI-6 and lowestin BARI-4. The
starch content in chickpea seed decreased gradually during germination.
Among the varieties the BARI-4 was found to contain the highest amount
of lipid while the BARI-5 contained the lowest amount. The seed storage
substances decreased gradually with theincrease of germinationtime. The
results suggest that degradation of seed reserve nutrients accelerate the
development of seedling growth during germination.
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INTRODUCTION Phaseolus vulgaris L. and dry peas, Pisum sativum
L[4, Seedsof chickpeaareva uablesourceof protein@.

Chickpea (Cicer arietinumL.) isone of the most
important pulsecropsin Bangladesh occupyingapromi-
nent position. Itisoneof themost important human and
domesticanimal foodsin SouthAsaandisthought tobe
the third most important pulse crop after dry beans,

Itisaso animportant sourceof carbohydrates, B-group
vitamins, and certain minerds, particularly tothepopula:
tionsof devel oping nation and it ismostly consumed as
dhal, whol e seeds, and several typesof traditional, fer-
mented, deep fried, sweetened, and puffed products?.
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During germination the seed storage substancesused up
for seedling growth and some hydrolyticenzymes such
asamylase, invertase, proteaseand lipaseare activated.
Chickpeacontainsinsol ubleand sol ublefiber: theformer
promoatesregular bowd movements, sohepingtoguard
againgt condtipation, aswdl aspossbly lesseningtherisk
of cancersof the colon and rectum; thelatter hasbeen
connected withloweringblood cholesteral levels, thereby
lessening therisk of heart diseaseand stroke™. Itismainly
used for human consumption and only asmall propor-
tion asfeed. Chickpeasare used for making variousde-
liciousfood itemssuch asbutter substitute, sprouting,
salads, soupsand stews. Itisaso known for itsusein
herba medicineand cosmetics. Someresearchersstud-
ied amino acidscontent?¥, itschemica composition(®d,
carbohydrates® and minera content(*” inungerminated
chickpea seeds. There have been very few reportson
the enzymeactivities and degradation of seed storage
substances particularly on germinated chickpeaseeds.
Therefore, theaim of thisreport isto study theenzyme
activitiesand degradation of nutrientsindifferent variet-
iesof chickpeaat different germinating periods.

MATERIALS& METHODS

Material

Thethreevarieties(BARI-4, BARI-5, and BARI-
6) of chickpeaseeds (Cicer arietinum) were collected
fromBangladeshAgricultureResearch Indtitute (BARI),
Iswardi, Pabna; in the month of October-November.
After collection, the seedswere cleaned, dried inthe
sunlight and kept in apolythene bag and storedinan
airtight polyethylenebag and stored separately in deep
freeze (-10°C) for biochemical analysis. Glucose, BSA,
Dinitrosdicylicacid (DNS) and Sodiumtungstatewere
purchased from SigmaChemicasLtd., USA. Chloro-
form, Ethanol and Trichloro acetic acid (TCA) were
purchased from PharmaciaFine ChemicasLtd., Swe-
den. All other chemica swere of analytical gradeand
were used without further purification.

Germination of seed

Good and mature seeds of chickpeawere sorted
out for germination. Then the sorted seedswere soaked
indistilled water within aglassbeaker with potassium
permanganate for Six hours. Potassium permanganate
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was used for avoiding thegrowth of microorganismon
seed surfacesduring germination. The seedswerethen
taken out from water and scattered on afilter paper,
placed onaplastictray containing littleamount of dis-
tilled water. Thetray wasthen covered by aglasslid
and placed inadark room at 22°C for 48, 72, 96, 120,
144, 168, 192, 216, and 240 hoursincluding soaking
time. Thegerminated seedsat different hourswere sepa-
rated from seedling, rinsed with distilled water and
stored separately in the deep freeze (-10°C) for further
biochemicd anadysis.

Prepar ation of thecrude enzymeextract

100 gramsof germinated seedswerecrushedina
mortar and pestle and then suspended in 40 ml of 30%
acetone (chilledto -20°C). After occasiond gentlestir-
ring for 3 hours at 4°C, the suspension was filtered
through doublelayer of mudin cloth. Thefiltratewas
collected and centrifuged in arefrigerated centrifuge at
6000 r.p.m. for 20 minutes at 4°C. The supernatant
wasused as““crude extract”.

Acetonefractionation

The“crude extract” was collected and adjusted to
50% saturation by the addition of acetone(chilledto-
20°C) under constant and gentle stirring at 4°C. The
resulting preci pitate was coll ected by centrifugation at
4°C, dissolvedin minimum volume of pre-cold 50 mM
phosphate buffer pH 7.0 and dialyzed against same
buffer for 24 hoursat 4°C. Thedialyzed solution was
then centrifugedin arefrigerated centrifugeat 8000r.p.m.
for 5minutesto removetheinsoluble materias. The
clear supernatant thus obtained was designated as
“crude enzyme solution”.

Enzymeactivitiesin chickpea seed during ger mi-
nation

Urease and amylase activities were assayed fol -
lowing the method as described by Jayaraman. In-
vertase activity was determined by the method of
Mahadevan and Sridhar™. Proteaseactivity was mea:
sured following the method of Kunitz!*¥ and lipase
activity was assayed essentially as described by
Sugiharaet al ™,

Degradation of nutrientsduring ger mination of
chickpea seed

Total protein content of chickpea seed was deter-
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mined by the method of Micro-Kjeldahl*® and wa-
ter-soluble protein content of chickpeaseedswasde-
termined by the method of Lowry!®l, The starch and
free sugar content of chickpeaseedswas determined
colorimetrically by the anthrone method**7, Reduc-
ing sugar content of chickpea seedswas estimated by
DNS (Dinitrosalicylic acid) method®. Lipid content
of chickpeaseedswere determined by the method of
Bligh and Dyer{*,

RESULTS& DISCUSSION

Activity of ureasein chickpea seed

Theprimary roleof ureaseisto allow the organ-
ismto useexternal or internally generated ureaasa
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nitrogen source?24, Significant amountsof plant ni-
trogen flow through urea. It may function coordinately
witharginaseintheutilization of seed proteinreserves
during germination’ |mmohilization of ureasehasbeen
carried out in several matricesfor clinical/analytical
applicationg? and has a so been used for the treat-
ment of urea-containing effluents?2, Urease activi-
tiesinthethree different varieties of chickpeaat dif-
ferent germinating periodsaregiveninthe TABLE 1.
During germinating stage urease activitiesin different
varietiesranged from 8.93-60.14 U/ml. Among the
varietiesthehighest urease activity wasfound in BARI-
4 (60.14 U/ml) at 192 hour and lowest in BARI-5
(58.26 U/ml) at 192 hour. BARI-6 gave the value
between theseranges.

TABLE 1: Activitiesof urease, amylase, invertase, proteaseand lipasein thethreedifferent varietiesof chickpea seed.

Variety Germinating Activity of enzymes (Units/ml)
Hour Urease Amylase Invertase Protease Lipase
48 6.05+0.02 8.37+0.01 1.53+0.01 13.39+0.03 2.95+0.02
96 10.85+0.01 20.25+0.03 4.06+0.02 32.51+0.01 6.43+0.02
BARI-4 144 25.73+0.01 40.11+0.01 6.27+0.03 37.23+0.05 10.45+0.01
192 60.14+0.02 12.38+0.02 2.45+0.03 20.17+0.03 3.81+0.03
240 21.67+0.02 6.44+0.01 0.95+0.02 7.81+0.02 1.87+0.01
48 5.72+0.03 7.85+0.01 2.22+0.02 14.31+0.02 2.55+0.03
96 8.93+0.02 20.02+0.01 4.70+0.02 33.46+0.01 6.07+0.02
BARI-5 144 21.37+0.02 39.55+0.03 7.59+0.01 37.95+0.03 10.15+0.03
192 58.26+0.01 11.98+.02 2.54+0.04 20.34+0.02 3.58+0.03
240 19.49+0.01 5.67+0.04 1.25+0.02 7.46+0.05 1.22+0.01
48 4.38+0.01 7.55+0.02 1.77+0.01 14.43+0.02 2.45+0.01
96 9.47+0.01 19.74+0.03 4.00+0.01 32.62+0.02 6.13+0.01
BARI-6 144 23.04+0.03 39.03+0.02 6.20+0.03 37.74+0.01 10.22+.02
192 59.33+0.02 11.52+0.01 2.30+0.03 20.46+0.03 3.69+0.03
240 18.21+0.02 5.13+0.01 1.05+0.02 7.47+0.01 1.10+0.01

Activity of amylasein chickpea seed

Amylolyticenzymesarewidely distributed in plant
tissues, e.g. in storagetissues such asseedsand tubers
and in vegetativeorganssuch asleaves. Starchisone
of themajor componentsof pulsesand isanimportant
carbon sourcefor the growth of germinating seedlings.
Amylaseactivitiesindifferent varietiesof chickpeaduring
germinationwerevaried between 5.13-40.11. U/ml. The
variety BARI-4 contained the highest activity (40.11U/
ml) at 144 hour followed by BARI-5 (39.55 U/ml).
BARI-6 contained thelowest amylase activity (39.03

U/ml) at 144 hour. From theresultsit wasfound that
amylaseactivity increased cons derably during germi-
nation. Thefindingisin good agreement withthosere-
ported by Evanset al.? and Sopanenand Laurierd?®.,

Activity of invertasein chickpea seed

Invertase occurswidely in plant, microbia and ani-
mal sources. It playsanimportant roleinthehydrolysis
of sucroseto glucose and fructosein higher plants, es-
pecialy inthe storage organs. During germination, Su-
croseisareadily degradation source of energy'®. In-
vertaseactivitiesinthreedifferent varietiesof chickpea

———————, Natural Products
A Tndian ﬁamml



328

Evaluation of changes in enzyme activities and nutrient degradation of chickpea seed

NPAIJ, 7(6), 2011

Full Paper e

at different germinating periodsaregiveninthe TABLE
1. Duringgerminating stageinvertaseactivitiesindiffer-
ent varietiesranged from 1.05-7.59 U/ml. Among the
vaidiesthehighest invertaseactivity wasfoundinBARI-
5(7.59 U/ml) a 144 hoursand lowest inBARI-6 (6.20
U/ml) at 144 hours. BARI-4 gavethe val ue between
theseranges.

Activity of proteasein chickpea seed

Seedsarethemain sourceof proteinin plant. The
protein stored in seedsisused chiefly intheformation
of protoplasmin new cellswhen seeds germinate?,
Themost well characterized proteases are associated
with seed germination, and are employed to mobilize
stored reserveto provide amino acidsand amidesfor
embryogenesisand/or early seedling devel opment(Y,
Theproteaseactivitiesof thethreedifferent varieties of
chickpeawerestudied during germination. At 144 hours
of germination, BARI-5 contained the highest protease
activities(37.95U/ml) whilelowestin BARI-4 (37.23
U/ml). Theproteaseactivity of BARI-6 placed between
theseranges.

Activity of lipasein chickpea seed

Thestorage nutrient substancesin plant seedsare
used up for seedling growth during germination®. Dur-
ing mobilization of storagelipidsin seedsin post termi-
nativegrowth, thetriacylglycerol isconverted to sugars
and other metabolitesfor the growth of the embryonic
axig®2%¥l, Lipase activities in different varieties of
chickpeaduring germinationwere varied between 1.10-
10.45 U/ml. Thevariety BARI-4 contained the highest
activity (10.45U/ml) at 144 hoursfollowed by BARI-
6 (10.22 U/ml). BARI-5 contained thelowest lipase
activity (10.15 U/ml) at 144 hour.

From the above result it scemsthat BARI-4isa
suitable source of urease, amylase, and lipasefor puri-
fication and characterization, while BARI-5isasuit-
able source of invertase and protease.

Amount of proteinin chickpeaseed during differ-
ent periodsof germination

Total protein and water soluble protein content of
thethreedifferent varietiesof chickpeaseedsarepre-
sented in TABLE 2. It was found that the chickpea
seeds contained asignificant amount of protein (Total
19.40-21.07 gm %, water soluble 14.35-15.72 gm %).

Natural Products

BARI-5 contained the highest amount of protein (Tota
protein 21.07 gm %, water soluble 15.72 gm %), while
BARI-4 contained thelowest amount of protein (Total
19.40 gm %, water soluble 14.35 gm %). The present
resultsclearly demonstrated that the percentageof both
typesof protenspresent indifferent varietiesof chickpea
seeds decreased gradually up to 144 hours and then
sharply declined up to 240 hoursof germination. This
indicated that after 144 hoursof germination, the pro-
teolytic enzymesmay vigoroudy involvefor hydrolysis
of seed storageproteins.

Freesugar content in chickpea seed

Freesugars, particularly glucose, areimportantin
the nervous systems, muscles and many other tissues.
Combined with proteins as glycoproteins, the sugars
play arolein secretion and externa recognition prop-
ertiesof cell membranes. Free sugar content at differ-
ent periodsof germination of chickpeaseedsareshown
iINnTABLE 2. Asshownintable, thefree sugar content
inthethreevarieties(BARI-4, BARI-5, and BARI-6)
of chickpeaseedswerefoundto5.95gm %, 5.72 gm
%, and 5.43 gm %, respectively. During germination,
degradation of free sugar in chickpeaseed wasrapid.

Reducing sugar content in chickpea seed

The results about the degradation of storage re-
ducing sugar areshownin TABLE 2. Fromthetable, it
was observed that reducing sugar contentsinthevari-
etiesof chickpeaseed aredifferent. Degradation of re-
ducing sugar at different periods of germination was
sgnificant. Of thevarietiesBARI-5 contained the high-
est amount (0.037 gm %) of reducing sugar and BARI-
4 contained the lowest amount (0.035 gm %).

Sarch content in chickpea seed

Oneof thenutritional reservoirsin plants, which
areused asafud, isstarch. Starch isthemost impor-
tant polysaccharideinthe storageform of carbohydrate
inplant. It wasfound that, chickpeaseedscontained a
large amount of starch (55.0-55.08) gm %. BARI-6
contained the highest amount of starchwhile BARI-4
contained thelowest amount. The starch contents of
chickpea seeds decreased gradually during germina
tion. Inlight germination, probably starchfirst degrades
for embryo growth and latter other enzymesuitilizeseed’s
storage substance, for the energy supply, required for

-
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seedling growth. Starchin chickpeaseedsdegraded to
15.06, 15.09, and 15.14 gm %, respectively during
germination at 240 hour.

Amount of lipid in chickpea seed

Amount of lipidin different period of germination
was shown in TABLE 2. The result showsthat the
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chickpea seeds contained 4.90, 4.87, and 4.89 gm of
lipid per 100 gm of seed. Chickpeaseedslipid found
to be0.10, 0.08, and 0.09 gm % at 240 hour during
germinationinwater. Thedecreaseinlipid content in
the germinating seedsis probably caused by thein-
volvement of alypolytic enzyme, whichisresponsible
for hydrolysisof triacylglycerol that ultimately gener-

TABLE 2: Protein, sugar, starch and lipid content of chickpea seed at different periodsof germination.

Amount (gm %) at different germinating hours (h)

Nutrient Variety

0(h) 48 (h) 96 (h) 144 (h) 192 (h) 240 (h)

BARI-4  19.40+0.01  17.02+0.03  14.53+0.01 7.15+0.02 3.02+0.02 2.07+0.01

;fgf;n BARI-5  21.07+0.01  19.33+0.01  16.07+0.01 9.21+0.02 4.16+0.03 2.37+0.03
BARI-6  19.42+0.02  17.06+0.01  14.60+0.02 7.34+0.01 3.08+0.03 2.14+0.01

Water BARI-4  14.35+0.04  11.07+0.01 8.98+0.03 6.13+0.03 2.82+0.01 1.03+0.02
Soluble BARI-5  1572+0.01  12.31+0.02 9.07+0.01 7.20+0.03 3.16+0.02 1.37+0.02
Protein BARI-6 14.43+0.02  11.26+0.03 9.06+0.02 6.31+0.01 2.15+0.01 1.12+0.01
Free BARI-4 5.95+0.03 4.57+0.02 3.24+0.02 2.01+0.01 1.72+0.01 1.0+0.03
Sugar BARI-5 5.72+0.03 4.50+0.02 3.21+0.01 1.95+0.03 1.26+0.01 0.97+0.01
BARI-6 5.43+0.01 4.42+0.01 3.16+0.03 1.71+0.01 1.15+0.03 0.92+0.01

. BARI-4  0.035+0.01 0.03+0.01 0.021+0.01  0.011+0.01 0.008+0.0 0.006+0.0
gueggru "9 BARI-5 0037001  0032:0.01  0023:0.01  0.013:0.01  0.009:0.0  0.007+0.0
BARI-6  0.036+0.01  0.031+0.01  0.022+0.01  0.012+0.01 0.008+0.0 0.006+0.0
BARI-4  5500+0.03  52.43+0.02  41.09+0.04  26.31+0.03  20.12+0.02  15.06+0.02
Starch BARI-5 55.02+.02 52.41+0.03  41.13+0.04  26.33+0.04  20.13+0.02  15.09+0.03
BARI-6  55.08+0.02 52.47+.03 41.15+0.02  26.36+0.02  20.15+0.03  15.14+0.04

BARI-4 4.90+0.01 4.87+0.01 3.21+0.01 2.00+0.01 0.90+0.01 0.10+0.01

Lipid BARI-5 4.87+0.03 4.85+0.03 3.20+0.01 2.01:£0.03 0.87+0.02 0.08+0.01
BARI-6 4.89+0.03 4.86+0.01 3.21+0.02 2.00+0.03 0.91+0.01 0.09+0.01

atesugarsfor thegrowth of germinating embryo. This
finding isin good agreement with those reported by REFERENCES

Ben et al.*4.

The seed storage substances gradually decreased
with theincrease of germinationtime. Thedecreasein
different typesof nutrient content in germinating seeds
probably caused by invol vement of the hydrolytic en-
zymes, which hydrolyses seed storage nutrients, apro-
cessthat generatesamino acids and sugarsfor the de-
velopment of embryo and seedling growth.
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