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ABSTRACT

Eight newly developed and two commonly grown chickpea (Cicer arictinum
L) cultivars were evaluated for their cooking quality by measuring cooking
time, water absorption and sensory properties. Nutritional aspects of cooked
whole seed samples were measured chemically (including amino acids and
minerals) and biologically in nitrogen-balance experiments with rats. Results
indicated that kabuli (cream seed coat) may be generally preferred to desi
(brown seed coat) cultivars in terms of cooking time and sensory properties.
Calcium content was noticeably higher in desi than in kabuli cultivars,
whereas magnesium, iron, copper and zine showed no definite trend. Levels
of lysine, threonine, methionine and cystine of these genotypes were within
the range of FAO values. Desi and kabuli revealed no noticeable difference
in protein and amino acids. However, biological value was considerably
higher for kabuli than for desi. Consequently, kabuli contained more utilisable
protein and may be nutritionally better than desi. In general, cooking quality
and nutritional aspects of both newly developed and control cultivars were
similar.

Key words: Cooking quality, nutritional aspects, desi, kabuli cultivars,
chickpea.

INTRODUCTION

Chickpea(Cicer arietinum L)is an important source of protein in several developing
countries. Among the world’s grain legumes, chickpea (Bengal gram or garbanzo
bean) is second to dry beans (Phaseolus culyaris) in cultivated arca and third in
*Submitted as JA No. 950 by ICRISAT.
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production to dry beans and dry peas (Pisum sativunn. In India. it 1s the most
important pulse crop. Chickpeas can be classified into two basic tvpes. desi and
kabuli. Desi sceds. generally vellow to black in colour. are smaller and have a
rougher surface. Kabuli seeds are usually large and hght coloured. Desi chickpeas
constitute about 39, of the total production. and the kabuli types constitute the
remaining 15% (ICRISAT 1987). The kabuli types are grown mainly in Mcditer-
rancan countries whereas the desi types predominate in the Indian subcontinent.
The available literature on the nutritional composition and grain quality of
chickpea has been summuarised in recent reviews (Singh 1985 Williams and Singh
1987). ICRISA'T. which has a global mandate to improve chickpea. has attempted
to improve its yield and grain quality and has developed new genotypes (Kumar
et al 1985: Singh et al 1986). These genotypes (ICCV 1 ICCV2ICCV 3 1CCV 4
and 1CCV 5y have been released or are under test for cultivation. Other lines, such
as 1CCC 37 and 1CCC 42, which have reached the advance stage of breeding, will
soon be released. The objective of this paper is to report and discuss the results
of tests of cooking quality, chemical composition (including amino acids. minerals
and trace clements) and biological evaluation of these newly developed genotypes.

MATERIALS AND METHODS
Materials

Experimental seed material consisted of five desi (ICCV 1 [1CCC 4], 1CCC 37,
1CCC 42, K 850 and Annigeri) and five kabuli (1CCV 2 [1ICCL 82001], ICCV 3
[TCCL 83006 1ICCV 4 TTICCL 83004 1CCV STICCL 83009] and ICCV 6 [ICCC
32]) genotypes. K 850 and Annigeri are commonly grown in central and peninsular
India. The others are newly developed cultivars for these arcas. The genotypes
were grown at the ICRISAT Center during the post-rainy season 198788 in deep
black vertisols without irrigation or fertiliser. After harvest, seed samples of these
genotypes were stored in plastic bags in i cold room at S C until used for analysis
in the present study. All samples were stored under similar conditions to eliminate
differences due to storage conditions.

Methods

Determination of cooking time

For determination of the cooking time a block digester (Model 20 DB, Tecator,
Hoganis, Sweden) was used. This apparatus insured a uniform and constant
temperature during boiling. About 100 ml distilled water in a 250-ml digestion
tube was brought to boiling point and then a 20-g seed sample was added. Boiling
was continued. and boiled samples at intervals of 1 min were drawn and tested
for their softness by pressing them between fingers and thumb. The time taken to
achieve the desirable consistency was recorded as the cooking time of the sample.

Water absorption
Whole-seed samples (about 10 g) were heated in distilled water (50 ml) at 80 C for
I'h using the block digester. Excess water was discarded and traces of water were
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removed with filter paper. An increase i weight of the seed sample after this
treatment was expressed as g g : sample.

Sensory agalysis

Such sensory propertics as colour, texture. flavour, taste and general acceptability
were evaluated by 10 pancl members. Seed samples were boiled for 70 min, and
freshly boiled samples were served for sensory evaluation. The following rating
scale was used: T=poor. 2= fair. 3= good and 4 = excellent.

Cooking of whole seed

About | kg whole-seed samples of cach genotype were cooked for 15 min at
105 kgem *in a pressure cooker. After cooking, the whole content including the
broth was dried in an oven at 50 C. Cooked and dried samples were ground in
a Udy cvclone mill and passed through a O0-4-mm screen.

Chemical analysis

Nitrogen content in the samples was determined using the Technicon Autoanalyzer
(Singh and Jambunathan 1980). and nitrogen values were converted into protein
by multiplying by a factor of 6-25. For ammo acid analysis, freshly ground samples
were defatted ina Soxhlet apparatus using n-hexane. Previously published methods
were used for the determination of ash, fat and crude fibre (AOAC 1975), and
soluble sugar and starch (Singh er al 1981). Moisture content was determined by
drying the samples overnight in the oven at 110 €. All these constituents were
analysed in duplicate. All results were expressed on moisture-free basis.

Minerals and trace elements

For digestion we used a triacid mixture contaiming nitric acid. perchloric acid and
sulphuric acid in the ratio of 20:4:1 (v 'v). Defatted samples (0-5 g) were weighed
and transferred to a block digester glass tube. After adding 6 ml of triacid mixture,
the content was digested first at 70 C for 30 mimn. then at 180 € for 30 min, and
finally at 220 C for 30 min. After digestion the mixture was cooled and dissolved
in distilled water. and the volume was increased to 50 ml Suitable aliquots were
analysed for calcium. magnesium, zine. copper. iron and manganese with an atomic
absorption spectrophotometer (Varian Tectron Model 1200) (Piper, 19606).

Amino acid analysis

Defatted samples (S0 mg) were refluxed in SO ml of 6m HCL for 24 h. After refluxing.
the acid was removed by a rotary flash cvaporator, and the residue was washed with
water to remove HCl and taken in a known volume of citrate buffer (pH 2:2). An
aliquot of cach sample was used for analysis in a Beckman 119-CL amino acid
analyser.

Biological evaluation of protein quality

We determined true digestibility (TD), biological value (BV), net protein utilisation
(NPU) and utilisable protein (UP) by using groups of five Wistar-strain male rats
weighing about 70 g. Each rat was fed a daily dict of 10g (dry weight basis)
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containing 150 mg nitrogen. At the end of 5 days. unconsumed diet weight was
recorded and total nitrogen intake was caleulated. The calculation of TD. BV,
NPU and UP values was conducted according to Eggum (1973).

RESULTS AND DISCUSSION

The results on seed size. seed coat content. cooking time. water absorption and
sensory properties of these cultivars are presented in Table 1. One-hundred-seed
weight of desi cultivars varied from 142 to 297 g and of kabuli from 185 to
32:2 ¢ Kabuli cultivars are often described as having larger seeds than desi cultivars,
However. there was considerable overlap in the cultivars studied. The seed coat
content of desi types was about two-and-a-half times heavier than that of the
kabuli types. This variance supports the results of the carlier study (Jambunathan
and Singh 1979). We noticed large differences in the cooking time of these genotypes.
but not for water absorption. Desi genotypes required considerably more time,
although 1CCV 1 and 1CCC 37 cooked as fast as kabulis, possibly because of their
smaller seed size. The newly developed cultivars required less cooking time than
the control K 850 or Annigeri (Table 1). K 850 required the longest cooking time
duc toits larger seed size. Williams e al (1983) reported a positive and significant
correlation between seed size and cooking time for chickpeas. However, [CCC 42,
which has about the same seed size as K 850, took less time to cook.

Of the various sensory properties, colour evaluation scores were considerably
higher in kabuli cultivars than in desi types. Propertics such as texture, flavour
and taste, on the other hand. revealed few differences. A considerable amount of
chickpea produced in the world is consumed in the form of whole seed (Williams
and Singh 1987). Based on these results it appears that kabuli types arc preferred
in terms of cooking time and general acceptability (Table 1),

The levels of various chemical constituents were comparable between newly
developed and control cultivars, as shown in Table 2. Crude fibre content revealed
significant differences between desi and kabuh types due to the higher seed coat
content of dest genotypes (Table 2). Crude fibre, acid detergent fibre and neutral
detergent fibre have shown large differences between desi and kabuli groups
attributable to seed coat content (Singh 1984). Protein and starch, the principal
constituents of chickpea. did not reveal large differences.

Mincrals and trace clements are important dietary nutrients. Calcium and iron
are usually deficient in the dicts of low-income people. particularly infants,
preschool children, and pregnant and lactating women. Calcium content ranged
between OO and 197-1mg per 100g sample. a significant variation. Similar
variations in iron content were observed. ICCV 1 contained the highest amount
of calcium and iron based on the results of non-replicated trials. The results suggest
the possibility of identifying genotypes with higher calcium and iron contents
which are nutritionally important. However. the effects of differences in growing
conditions would have to be eliminated before genotypes with higher mineral
contents could be identified. No large differences in the magnesium, zinc and
copper contents of these cultivars were observed.




41

Cooking quality and nutrittonal attributes of chichpea culticars

“IU3[[20Xa =t puB "poo3d =y “siej= Jood = | :2100s Sunel s1aquaw jaued udl Jo eIy,
ad {10UAF Yor2 10) SUOHRUIWLIAAP O W] U0 paseq,

t10 £1-0 60-0 £1-0 €00 10-0 t1 L0 850 +3S
6:C 8- L-C ST 9-¢ 01 9L 6% v-N1 9 ADJI
te £y [ It 9-¢ 60 <L 3t £-9¢ € ADII
[ I-£ 0-¢ 0t 9-¢ 01 o tx (AR t ADIDI
1-€ 6-C 6-C 9-C st 60 YL 6 £y £ AJII
6-C 8-C 8-C S-C e 01 SL <9 S-sC < ADIDI
yngny
9-C 9-C 9-C S-C ¢-C 0-1 <8 9v1 0-0C uaguuy
8-C 6'C 9-C 0 L< 60 96 -0l 3-%C 0S8 M
¢-< %C %-C 0-¢C L-C 6-0 I8 S-11 L-6C ct DIII
8-C 8-C 6C 6:C S-¢ 01 L <l 191 LY DIIDI
L< s-C LC 6:C 9-C 60 9L NSl R ol 1 ADJI
15o(]
by 4ad b (unu) (| ()

Ajigpidason Slondaosyn L1 PIDOD SSSPUL

DALY ISP Anoan 4 JHMINA] AN ) 21D 44 buiryoo ) paas PAs-()0] adNjouon

88 £861 “LVSIYDI sivanno vadyoiyo padojarap {[wau jo paas ajoym jo saruadoiad Liosuas pue {njenb Juiyoo)

1 3'14VL



U Singh. N Subrahmanyam. J Kumar

CISEY 221)-21MISIOW U0 passardad synsal pue ad10uad yoev

2 10} SUOLIRUIWIIIDP O W] UO paseq,

<00

I1
[
-0y
01
01

91-0 20 12 6s ¢ t1-0 +1-0 £0-0 N %0-0 10 +3s
gy o N 91t 0Nl 0y 1S 9-¥ 1-09 69 9-61 9 ADDI
tt 6y 891 tyll Y -9 1Y 1-6$ 89 s-61 S ADDI
ty 9 st 0-011 NS 9-9 6€ foos 0L Tic t ADDI
o . Lyl 0601 9-¢ N9 ety c6s 69 ¢81 ¢ ADDI
Nt D N-191 corl ot 8¢ € -1 <Y € T ADDI

yngn

Y 9y NS t- N1 t6 09 0-¢ 6+ 6t 6l Laguuy
6f Y IRl 9yl Ce 0-9 Y 8-LS 6s +0C 0S8 M
9t ) 9 9l 6091 N 9 t-y C-RS 65 c61 HDIDI
Tt 96 ¢ 9l t9_1 N 19 Y ts¢ 0-9 9-0¢C LE£ DI
Y Co 1-5F1 1-_6l L6 NN Y 6.6t < 0-1¢ 1 ADDI
o]

ardwrs o] 40d P B

Y4 2 I\ ) A241 ) myq 1y~ TREIZIN sanhng w1104 f an ajjn ;)

Q _N6l LV SIEOL e vadyaryn padojasap Spwou 2yl o ajdwes

T 219%L

3001 12d B uonisodwon

[eotwiay )



3

Cooking quahty and nutrinonal attributes of duchpea caltunars

RS S t-s t-S LSS RS 0-< I-s RN ts
£-¢ 13 tt ct tt ¢ te tt Ot -t
L 1-L 1-L L L tL O o to l-L
I-v tt et tr et et It I+ -t N
S el ¢l t1 S t1 t-l t1 sl t1
(% ot 1233 st tt st -t ¢t vt -t
vl [ T S t1 -1 el | vl ¢l
r I+ t-t tt et tt I+ It ot sr
<t I+ ot Ot 6t 6t ot 6t 6¢ 6t
r (4 ot I+ ot ot Ry Ny 0t 0t
<9l ¢9l 91 991 191 091 191 <9l 9l 91
0-§ 0 0-< 0 9t 6t 6t Os O ot
Lt Lt L 6t st Lt S 9-¢ hEY Lt
Pl 911 STl L1l el 911 <1l 1t el 1l
86 L6 36 L6 9-6 0-6 <6 -6 o6 L6
<< t£-C tc Ic 9-C s s-< - £ t-c
1-L 69 €9 L -9 O 9-9 69 89 £9

auluejejiuayd
ausoIsy
audNA
AudN2jOS]
SUTUOIYIAIN
TN
aunss)
auuey
RIUIRINTS)
autjoid

p1ov duweingn
EIHBRIN
autuoaIy |
poe oniedsy
RIS
AuIpnIsiy
auis{

9. 1001 S.1001 r 1001 £.1001 ¢.1ID1 MO Oss Y CEDIDI 81001 I 101

1nyry 15oq

pLOD ounuy

(PaY00d paas ajoyw) s1eannd vadyoiyd padojasap fpwau jo (umoiad 3 (o 12d 3) uomsodwod pe ounuy
t 419VvL



44 U Singh. N Subrahmanyam. J Kum

TABLE 4 .
Biological value (BV). true digestibility (TD). net protein
atilisation (NPU). and utilisable protein (UP) of cooked whole
seed of newhy developed chickpea genotypes. ICRISAT 1987 88

Genotype Protein BV D NPU (”'P
Desi

1CCV ] 210 777 X0-4 624 122

1CCC 37 2006 76-2 851 647 12:6

1CCC 42 19-2 74-7 %00 597 106

K X350 204 786 843 663 12:6

Anniger 19-4 727 801 583 105

Kabuli

ey 2 234 79:0 K3-K 662 143

1CCV 3 183 K9-6 K29 743 12:7

1Cev 4 212 83K K21 68-% 13-4

ICCV S 19:5 %37 859 72:0 131

1CCV 06 19:6 LIRS 86:() 74-4 135

SEt 012 210 119 200 0-38

“Based on five determinations for cach treatment on moisture-
free basis.,

The amino acid compositions of the newly developed and control cultivars ar
given in Table 3. The levels of various essential and non-essential amino acids di
not show great variation. Like other legumes, chickpea is a rich source of lysing
which varied from 6:1 to 7-1 g per 100 g sample for these genotypes, indicatin
little varation. The sulphur-contaiming amino acids methionine and cystine (a
well as threonine) are essential limiting amino acids for these genotypes. Thi
finding was also observed in several chickpea cultivars by Boulter er al (1977
According to Khan er al (1979). however, threonine was the first limiting amin
actd in chickpea, followed by the sulphur-containing amino acids methionine an
cystine. When considered  together. methionine and cystine contents of th
genotypes varied from 2:6 to 29 g per 100g protein. The lower values for thes
amino acids obtained in the present study may have been due to heat treatmen
as the analysis is based on cooked samples. Geervani and Theophilus (198(
reported that sulphur amino acids were considerably reduced after pressure cookin
of pulses. Lysine, threonine and sulphur amino acid contents of these genotype
are within the range of FAO values (FAO 1970) and even higher for some cultivars

The BV of kabuli types. which were high in utilisable protein, was noticeabl
higher than that of desi types (Table 4). Protein digestibility of these genotype
ranged between 80 and 86%0 with a mean of 83:1%. These values for protei:
digestibility are slightly lower than those reported for chickpea genotypes by Kha
et al (1979) and Eggum and Beames (1983). We noticed no large differences in th
protein digestibility and net protein utilisation of desi and kabuli types (Table 4
However, according to Singh and Jambunathan (1981), the in-vitro protei
digestibility of whole seed of desi types was noticeably lower than that of th
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kabuli types. This they attributed to the differences in polyphenolic compounds.
Even though these desi and kabuli genotypes revealed no noticeable difference in
protein content, kabulis appear nutritionally superior to desis. The higher biological
value of the proteins of the kabuli types may be due to the higher bioavailability
of the sulphur amino acids methionine and cystine. which play important roles in
determining the nutritive value of legume proteins (Eggum and Beames 1983).
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