Grain Quality and Biochemistry
Progress Report-5/87

Chickpea and Pigeonpea

Report of Work

January - December 1986

J

ICRISAT

International Crops Research Institute for the Semi-Arid Tropics
Patancheru, Andhra Pradesh 502 324, India



Foreword

This report on the work done during Jsnuary - December 1986
has been prepared to share the information with scientists

who have an interest in grain quality and biochemistry

aspects of chickpes and pigeonpes improvement.

THIS IS NOT AR CFFICIAL PUBLICATION OF ICRISAT AND SHOULD NOT
BE CITED.

Umaid Singh snd

R. Jambunathan



1. Grain Quality and Biochemistry staff ngt |

e
Project # C-125 (85) IC : Grain quality isprovement in chickpes 2
1. Cooking quality and consumer scceptance 3
2. Chemical composition of advanced breeding lines 5
3. Protein content as influenced by environments 6
4, Biological evalustion and protein digestibility 8
5. Aaino acid composition of some wild species 8
6. Dehulling quality 9
7. Tables and Appendices 11«39

Project # P-111 (85) IC : Study some of the factors affecting

the grain quality of pigeonpes %0
1. Cooking quality and consumer acceptance 4
2. Chemical composition of advanced breeding lines &4
3. Protein and amino scids L
4, Biological evaluation and protein digestibility 8
5. Vegetable pigeonpess 46
6. Dehulling quality b6

7. Chemical snalysis of podfly resistant and susceptible lines 48
8. Tables and Appendices 49-70



Grain Gmlity and Bicohemistry Staff and Collsboreting Sciemtists

Bicohemists Seoretarial Staff
Dr. R. Jasbunathen Mr. T.3. Nosl Prashenth
Dr. Umeid Singh Mr. X.D.V. Prasad

Desearch Associates
Mr. P.V. Reo

Mr. G.L. Weghray
Ms. R. Seeths

Laborstory Assistants
Mr. B. Harmenth Rao
Mr. G. Venksteswarlu
Driver-cun-General Assistamt
S.A. Khan

Bresders Agronomists Germplass Botenists Engamologists

Dr. H.A. van Rheenen Dr. C. Johansen Dr. R.P.S. Pundir Dr. W. Reed

Dr. Laxmen Singh Dr. 0.P. Rupela Dr. P. Ressnandan Dr. 8.3. Lateef
Dr. C.L.L. Gowda Dr. 8. Sithansnth
Dr. Jagdish Kumer

Dr. K.B. Saxena



Chickpea



Project ¢ : C-125 (85) IC
Title : Grain quality improvement in chickpee

Objectives :

1. ldentify the major food forms of chickpea consumption and

develop techniques to their quality.

2. Monitor grain quality of advanced breeding lines.

3.  Study the effect of environment on grain quality.



CBICKPES

Ve concentrsted our efforts in studying the following topics of
chickpes grain and food quality during this year.

1. Cooking quality and consumer soceptance

2. Chemical composition of sdvanced breeding lines
3. Protein content ss influenced by enviranments
d. Biological evalustion and protein digestibility
5. Amino scid composition of saome wild species

6. Dehulling quality

1. Cooking guality and conmmer scosptance

The {dentificstion of major food forms of chickpee consumption in
the world has received our attention in recent years. To identify the
major food preparastions of chickpea, 8 questionnaire on utilizstion of
chickpes was developed and published in the Chickpes Newsletter, June
1985 edition and we requested the resders to fill out and return it to
us. Resder's response was not very encouraging and as 8 follow up
action, this questionnsire was individually sent to many sciemtists in
different countries. Then we received the responses from 138
scientists from 30 countries as shown in Table 1. Different
proportions of chickpea consumption are summarised (Table 2). Dhal
and food items prepared from bespn (chickpea dhal flour) are the major
forms of chickpes consumption in India. In sowe other Asisn countries
besan preparations are not very common. In other than Asian
ocountries, it appears that chickpes is consumed in the form of whole
seed. This underlines the need for studying the cooking quality of
whole seed as well. In Indis, pakoda (0il fried), kadi (butter milk



boiled), roti (in combination with whest flour) and dhokla (fermented)
sre the isportant food pmntimofbu-u The baaan 1s 8lso used
in some sweet preparstions. Rassted end germinated whole seeds are
3150 consumed to » considerable extemt in Indis. Chickpes soup and
sslad are also common preparstions in some countries. These food

preparstions have been listed in Table 3.

Ve deterained the cocking quality and organcleptic properties of
some desi and kabuli cultivars grown in 1984/85 and 1985/86 seasons at
ICRISAT subcenter Hissr. Results are summarised in Tables 4-6. Ve
studied five genotypes eech of desi (C 235, G 130, H T5-35, H 208, and
1CCC a) and kabull (L 184, L 550, ICCC 25, ICCC 32, and ICCC 33) grown
in 1985/86 season at ICRISAT subcenter Hisar for their cooking time
and consumer acceptadbility psrsmeters such as color, t.ext-un; flavor,
taste and general acceptability. Consumer acceptance studies were
conducted with the help of 10 psnel members some of whom were
associated with similar study in the previous years. Statistical
analysis of the results of this study indicsted no clear cut
differences between desi and kabuli types (Table 7).

In addition, cooking time of whole-seed and dhal samples of 14
elite lines of chickpea was determined. The results of these lines
and some other lines are summarised in Table 8. Cooking time of
whole-sesd of these genotypes varied frog 54 min for ICCC 25 to 98 win
for ICCC 82, whereas cooking time of dhal of these genotypes ranged
between 25 min and 46 min with mean being 34.3 min. There was no
significant correlation between the cooking time of whole seed and
dhal of these 25 genotypes (Table 9). This indicated that cooking
time of whole seed was affected by the nature of seed coat and it



could not be predicted on the bssis of cooking time of dhal. To
confirm this observstion, anslysis of more number of ssmples would be
very useful. We observed that 100-grain mass (wvhole seed) was
positively and significantly correlsted with cooking time of whole-
seed (r = 0.80, P < 0.05) and dhal (r = 0.56, P < 0.01). This shows
thet bold seeds would require longer time to cook. Protein content of
these genotypes was not significantly correlated with the cooking time

*

of either whole-seed or dhal (Table 9).

2. Chamioal oomposition of advanced breeding lines

To study the nutrient profile of lines developed by ICRISAT, we
analyzed the seeds of severa] genotypes (ICCV 1, ICCV 2, ICCY §, ICCC
32, ICCC 37) including commonly grown cultivars (Annigeri amd L 550)
for their content of protein, starch, sugars, ash, fat, fiber,
minerals and trace elements. As shown in Table 10, we observed
significant differences in protein, starch, calcium and iron contents
of dhal samples of these genotypes. ICCV 1 contained the highest
spounts of protein as it also did during the 1984-85 season. Results
of the analysis of whole-seed samples substantiated this observation.
The nutrient profile of the genotypes developed by ICRISAT was
comparable with that of the local cultivars, and for some constituents
they were better as shown in Table 10. In addition, we analysed 18
elite lines (ICCC 14, 25, 33, 34, 36, 38-43, 46-48) for their chemical
constituents as shown in Table 11, Noticeable differences in the
levels of protein, starch and fat contents of these genotypes were

obtained.



We examined the effect of growing season by analysing seed
samples fros eight genotypes grown during 1984-85 snd 1985-86 st
ICRISAT Center (Teble 12). Whole-gsed and dhel ssmples were analyzed
for their chemical composition including minersls and trace elements.
Of the varicus onstituents, the protein and starch were significantly
influenced by the growing seasons. Mean protein content of 1985/86
season was significantly (P < 0.05) higher than 1984/85 season and
reverse trend was true for starch content (Table 12). Detailed
analyses on these genotypes have been ropot:tod in Appendices 1-11I.
Further amalysis indicated that the calcium content of the whole-seed
was significantly (P < 0.01) higher thsn that of the dhal. On an
average about 603 of the calcium in the grain was lost by the removal
of the seed coat for dhal preparstion and this confirmed our esrlier

findings.

3. Protein content as influenced by enviromment

The variability of the protein content in chickpes has become 8
matter of great concern to us. We conducted experiments to study the
effects of field conditions (soil pH and EC), fertilizer, and
location on prodein content. The protein content of Annigeri whole-
seed samples grown in different fields at ICRISAT Center varied from
13.9 to 23.8%, showing large varistions due to field conditions. These
results vere examined in view of the varistion in soil pH, EC and
available phosphorus as shown in Table 13. However, the values for
organic matter and available phosphorus did not show any relstionships
with protein content. Generally, at soil pH readings of 8 and above
and EC readings of 0.2 and above, the protein content was reduced.
Having observed a large variation due to field conditions in the



protein content of Annigeri, it was felt necessary to study the effect
of such field conditions on its smino scid composition. Two seed
ssmples of Annigeri showing lowest and highest protein levels when
grown in different fields were snalysed for smino scid composition
(Table 18). Expectedly, the levels of lysine and sulphur amino acids
were slightly higher in lov protein sample than in the high protein
ssmple indicsting some effect on protein quslity. We have planned an
experiment to confirm these results during the next year.°: In
collsborstion with pulse agronomy, we studied the effect of fertilizer
on protein. This trial was conoducted st ICRISAT Center in 1985/86.
As shown in Table 15, the applicstion of ritrogen fertilizer alone or
in combination with phosphorus significantly (P = <.0.01) incressed

the protein content.

Protein content of chickpea is considerably influenced by the
location. To confirm our results, we examined the effect of location
on protein content by analysing the seed samples of 16 genotypes éach
of ICCT - desi short (DS), ICCT - desi medium (DM}, and ICCT - desi
late (DL). ICCT-DS genotypes were grown with four replications each
st Bednapur and Patancheru, ICCT-DM with three replications at Keojnar
and Patancheru and ICCT-DL with three replications at Faridkot, Hisar
and Kanpur. Protein contents of these genotypes from different
locations sre summarised in Table 16. As shown in Tasble 17,
statistical analysis of these data revealed three important
observations, a) differences between locations were significant, b)
genotypes showed significart differences, and c¢) the interaction
between locations and genotypes was significant, P < 0.05 in case of
ICCT-DS ICCT-DL. However, no significant intersction between location



and genotype was observed in case of ICCT-DM (Table 17).

8. Biclogical evalustion and proteis digestibility

Biosveiladility of nutrients plays an important role in
determining the nutritive value of diet. Among grain legumes,
chickpea protein digestibiity has been reported to be detter than
other legumes. However, it has been demonstrated thst digestidility
of legume proteins increased after heat treatment and that might have
been due to the destruction of some mtinutr:itioml factors. To study
the effect of cooking on protein digestidbility, biological evaluation
of raw and cooked samples of Annigeri was carried out. Both whole
seed and dhal samples were examined. We determined the biological
value (BY), true protein digestibility (TPD) and net protein
ut:.1zation of the raw and cooked semples using Wistar strain rats
(Table 18). The protein digestibility did not incresse significantly
as a result of cooking in case of whole-seed. But it increased
slightly in case of dhal. Net protein utilization of whole seed
reduced siightly as a result of cooking and this may be attributed to
the reduced biological value. This study indicated thst as a result
of cooking protein utilization might reduce in whole seed whereas no
beneficial eff.ect can be expected in the case of dhal. Observed
results significantly indicate that in case of chickpea no beneficisl
effect of cooking is apparent to improve the protein digestibility and

utilization.

5. hmino acid camposition of some wild species
We have been continuing our efforts to analyse new collection of

germplasa accessions for their amino acid contents to find out if any



high sulphur amino acid sources exist in our collection. During this
period, we were sble to analyse several sccessions of wild species for
amino acid composition as follows : Cicer bijupum S, C. cuneatum 1. C.
echincepernum, 1 C. Judaicus. % C. pinpatifidum, 3 C. reticulatum,
6; snd C. Yanashitae, 2. Decorticated seed samples were anslysed for
smino acid composition by sutomstic amino acid snalyser after protein
hydrolysis with 6 N HCl. Amino scid composition and protein content
of these species is shown in Tables 19-22. Protein content of
defstted dhal samples of these species ranged between 26.4% for (.
yanashitae and 33.7% for C. bijugup. In geners!, amino acid
composition of the wild species was comparable with that of the
cultiveted species. No large variability was observed in the levels
of essential amino acids, lysine, methionine and cystine. Methionine
content of the wild species was slightly lcwer than the cultivated

species and the reverse was true for cystine,

6. Dehulling quality

We evaluated nine genotypes for their dehulling quality using a
Prairie Regional Laborstory (PRL) mill in cooperation with the Home
Science College, Hyderabad. Dhal yield of these genotypes varied from
67.7 to 84,83 (Table 23). In general, dhal yield was higher for
kabul { types than desi types and this might be due to their lower seed
cost contents. However, we noticed that powder fraction was
relatively higher in kabuli types indicating that kabuli genotypes
might incur grester nutrient losses as a result of dehulling. Among
desi types, dhal yield ranged betweer €7.7 and 83.5% indicating a
large variation. Genotypes which recorded lower dhal yield contained



higher proportion of whoie seed material which was not dehulled. This
shows that such cultivars would require longer dehulutu' time
resulting in lower dehulling efficiemcy. Additional studies in this

direction would be useful.

The influence of dehulling on nutrient losses was examined. The
objective of this study was two folds : 1) to know the distribution of
different chemical constituents in the cotyledons and 2) to find out
nutrient losses incurred during dehulling. ' Annigeri was dehulled for
2, &4, 8 and 12 min in Tangential Abrasive Dehulling Device (TADD).
Dha! and powder fractions were collected and analyzed. For control,
seed coat was removed manually and the dhal sample prepared was
compared with other dhal fractions. Effect of duration of dehulling
on the recovery of dhal and powder fractions is shown in Table 24. As
the dehulling time increased, the grain weight decreased remarkably
indicating that outer layers of the cotyledons are lost in the form of

powder fraction which increased subsequently (Table 24).

The chemical constituents of dhal and powder fractions are shown
in Table 25. Except starch, other constituents such as protein,
sugar, fiber and ash (mineral contents) were relatively higher in the
outer layers of the cotyledons. As these layers were removed, their
levels showed a declining trend in dhal fraction. On the other hand
starch content appeared to be concentrated in the inner parts of the
cotyledons. Interestingly it 1s observed that powder fraction is a
rich source of ash contents (minerals and trace elements). We plan to
study the levels of different minersls and trace elements in the dhal
and powder fractions. Also, these fractions will be studied for
protease inhibitors, protein fractions and amino acid composition.

10



Table 1. Responses to the guestionnaire on chickpes utilizatjon
recgived from different coumtries.

»
-

Country

Afghenistan
Australis

Austris

Bang 1adesh
Belize
Botswans
Bulgsria
Canads

9. Cyprus

10. Ethiopis
Greece

Indis

Isrsel

Japen
Mexico
Morooco
Nepal
Netherland
Pakistan
Philippines
. South Africs
Spein

. Sri Lanks
Sudan
Tanzanis
Tunisia
Turkey
United Kingdom
United States
lambis

Total
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iBIe . RRiaLive proporvions 01 cruiokpes Consumpulion iln uwe woria™

Asia
Component India (Excluding Indis) Other countries
Wholeseed 26.0 23.3 86.3
Dhal 3.1 56.7 5.7
(Decorticated)
Besan 42.6 19.2, 5.8
(Dhal flour)

3 ¥urber of respondents, India 76, Asia &, anc other countries 18.
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Teble 3. Some important food prepsrstions of chickpes sround the world.

Food preparstion

Component

Method

1. Dhal

2. Chhole

3. Pakods

4. Kadi

5. Unlesvened bread

6. Kiyit Injers (Locsl
bresd in Ethiopis)

7. Rossted

8. Homos Bi-Tehineh

9. Tempeh

10. Labledi

11. Dhokla

12. Salad

Decorticated dry split

cotyledons

Whole seed

Besan (dhal flour)

Besan

Whole seed

Whole seed

Whole seed

Decorticated split seed
Whole seed

Besan

Whole seed

13

Boiled in weter to
soft consistency and
fried with spices
snd consumed with
ceresls

Prepsred snd consu-
ped as sbove.

01l fried and consy-
med as snack items.

Butter milk boiled
and used as vegets-
ble.

Dry split seeds are
mixed with wheat
flour and chspati

repared.
As above

Parched grains-heated
at 2u5-250°C for
¢ min.

Sosked, boiled and
mixed with other
gradients.

Fermented product.

Boiled in water with
salt and pepper.

Fermented with urd-
bean {lour.

Boiled in water and
served with other
vegetables.
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Table 7. Consumer scceptance studies in whole seed of desi and kabuli
cultivars grown in 198485 sesson st ICRISAT sub center Hisar’

Cookcing General
time (min) Color Texture Flavor Taste  ascceptability
Desi 70.8 2.6 2.7 2.5 2.8 2.5
Ksbuli 69.2 2.7 2.3 2.5 2.4 2.4

SE ¢ 266 +0.30 2032 +0.R +£0% 0.9

® Reting scale : Excellent, &; good, %; fair, 2; poor, 1, based on
evalustion of 10 penelists.

1



Table 8. Evalust.an of cooking quality of whole seed and dhal asmples of
some genotypes.

Whole seed Dhal

Cultivar 100-Seed Protein Cooking Protein Cooking

mess g) (%) time (%) time

(min) {min)
Cs0 12.2 2.1 T 2.3 2
G 130D 12.2 21.2 68 5.0 ¥
H7%3 D 17.4 2.7 T4 4.7 L
H 208 D 12.1 19.1 66 22.8 3
K 860 D 7.7 19.5 78 21.0 40
L 148 K .9 2.4 78 2.5 45
[, 520 K 1.8 18.9 12 19.9 L]
1CCC 32 K 17.9 2.8 66 1.7 36
CCC 4D 16.6 22.5 78 1.6 34
X K 18.3 231 54 2.6 29
10CC 33K 4.7 2.2 64 2u.8 N
1CCC 3 K o7.8 21.7 T4 23.5 37
1CCC 36 D 5.4 21.4 76 1.9 28
1CCC 380D 15.5 23.1 68 7.6 P4
1CCC 39D 14,1 22.0 Te 27.6 %
ICCC 40 D 22.0 17.4 80 20.7 28
cee 16.7 18.8 7 22.2 28
ICCC 42 D 9.7 21.8 98 2.1 b
1CCC 83 D 17.4 23.6 B2 27.3 27
1ICCC 46 D 16,4 22.3 88 27.3 X
1CCC 47 D 16,6 23.3 84 26.8 27
1CCC 88 D 21.9 20.9 88 23.1 26

SE + 0.3 + 0.26 + 1.79 ¢+ 0.34 + 0.66

D : desi. K : katu...

18



Table 9. Correlation metrix of verious cooking quslity cherscteristics.

Constituent 1 2 3 A 5
1. 100 Seed wt. 1.000 . . . -
2. Cooking time (whole seed) 0.M08* 1,000 - - -
3. Cooking time (dhal) 0.558%% 0.085  1.000 - -
4. Protein (whole seed) <0.137  0.068 -0.299  1.000 -
§. Protein (dhal) <0.3%3  0.198  -0.496  0.839™ 1,000

o, 80 Significent at 5% and 1% level, respective.y. Results are based on
the analysis of genotypes reported in Teble 8. \
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Table 10. Chemical composition cf dhal semples of genotypes developed by
ICRISAT, ICRISAT Center, 1985/8€%

Protein “Soluble Coletw Iren Zine
(3) Starch sugars Fat Fiber
Genotype (N x 6.%) (8) (1) (3)  (§) ——emee(mg/100g)wemeee

ICCV 1 9.0 %.0 5.5 6.7 ’ 1.0 73.2 8.8 5.8
ICCV 2 2.6 57.9 5.3 5.8 1.2 93.4 6.3 4.0
ICCV 5 2.7 56.3 6.6 6.8 1.1 58.4 6.3 4.6
1CCC 3R 21.9 54,1 5.3 b3 1.4 4.9 7.6 6.0
ICCC 37 22.9 54.6 5.7 6.1 1.2 52.9 6.4 8.2

Anniger: 3.3 sS40 58 6.7 1.0 505 b1 4.0
L 550 22.7 54.2 57 53 1.2 T2 65 4T
SE + 0.5 + 0.82 +0.12 £0.1340.07 « 559 +0.29 ¢ 0.07

2 Expressed on moisture free basis

20



Teble 11, Chemicel composition cf some sdvenced breeding lines.

100 Protein Starch Sugars Fat Crude Ash
sed fiber
Genotyps  Group mess - (%)

()

ICCC25  Kebuli 18.3 5.4 512 4.6 5.6 1.2 31
ICCC 33 Kebulf 19.7 .0 53.0 5.1 T D I B
ICCC 3% Ksbuli 29.8 23.1 63.3 4.6 6.0 1.2 2.9
ICCC 14 Desy 8.7 21,3  %0.8 5.0 LeE 1Y 32
ICCC36 Desi 15.4 268 . &4 &7 1.0 0
ICCC38 Dest 155 8.2 5.5 47 5.8 1.0
ICCC 39  Desi 1. 21.2 81,1 2.0% 5.7 0.9 3t
ICCC %0  Desi 2.0 2.6 6.7 5.5 7.7 1.2 2.
ICCCH  Dest 157 28 535 5393 59 0.9 2.2
ICCC 42 Desi 2.2 X3 %0 43 8.0 12 16
ICCC 43  Desy 174 7.8 9.5 4B 6.3 1.1 2.8
ICCC 86  Desi 1.3 21.8 5.7 4.6 58 1.0 2.8
ICCC 47  Dest 19.9 27,4 %0.6 4.6 6.6 1.2 a7
ICC 88  Desi 219 3.6 SN0 49 6.9 1.0 25
t - £0.19 051 40.68 +0.09  +0.05 0.02 +0.03
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Tadble 13. Protein content of cv. Annigeri snd soil psrameters of the
fields where it was grown in 1985/86.

Muber Protein (%) EC  Organic Availsdle
of e.shs/ metter P
Field samples Range  Mesn pH cm (%) (ppm)

1) 20 18.7-23.1 2.2 8.51 .15 0.37 0.5
BP 34 16 16.3-19.7 17.8 8.86 0.22 0.39 2.3
BP 3B 20 16.7-19.7 17.9 8.66 0.27 0.0 4.3
BR 3(1) 50 21.0-23.8 22.0 7.88 0.16 (.40 0.50

BM1(Y) 22 17.2-22.8 18.2  B8.51 «<0.15 0.37 0.5
BUS 2B 39 13.9-21.0 15.6 8.08 0.20 0.57 2.50

- - -—gw

Rp aais
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Table 8. Aminc acid composition of whole seed (g/100g protein) of low and
kigh protein sampies ¢ Annigeri grown {n different fields (BUS 2B and
FR3, respectively), at ICRISAT Center in 1985/86 season.

- -

Amino acid High prote:in Low protein

Lysine 5.98 . 6.97
Histicine ¢.%0 3.12
Arginine 10.26 7.19
Aspertic acid 10.38 11,70
Threon:ne 3,26 .26
Serine 4.72 5.16
Slutamic acid 6.3 6.7
Prosine u, 28 4.89
Glyeine 107 4.7
.Janine 3,86 4.66
(ystine 1. 1.53
Valine b 4.92
Methionine 1,46 1.82
Isoleucine b2k 5.01
Leucine 6.82 8.2
Tyrosine 2.9 3.78
Phenylalanine €67 6.29
Total 9.82 101.17
Protein (3)2 2.2 1.9

2 Moisture free (N x 6.25).
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Table 15, Effect of nitrogen and phosptorus epy iceticr <p protelr
content in chickpes grown st JCRISAT Center®.

4
N (g/ha) -~ 2
0 X % 120
0 16.9 17.4 17.6 17.1
120 19.3 19.9 19.4 19.1
St £0.33 2065 203 £0.39

-~w -

3 Whole-seed protein per cent (N x 6.25).
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Table 18. Effect of cooking on biologicsl value, protein digestidility snd

EPMY P WVRAI! WNAALWELVAT AL LA W YR

T Food consumed -Bioloclcni - Tru; protcin'.."— I;Z protein
Trestment  per rat (g)  value (3) digestibility (3) utilizstion (8)
Whole-seed o ) . o )
Raw & 8 78.9 80.8 63.7
Cooked 46.8 73.2 81.9 60.0
SE + 1.53 + 2.78 + 0.9 ¢ 2.52
Dha
Raw 47.9 9.3 87.6 69.5
Cooked 49.0 80.7 86.9 70.1
SE + 0.6 o 1,3 ¢ 1,22 + 1.6

- om - o W D P A B GRS U W U e B O - W00 0 B AR IS AP
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Table 19. Amino acid composition (3/'0Cg protein’} of dha] ssmples of some
pccessions of wild species,

Anino acid w G Bliwm- C Bilm- ¢ Bilw- G Biim- €. Qunes-
(7]

w ™ w
Lysine 602 633 609 610 6.3 647
Histidine 2.M 2.9 .M 2.86 2.86 . 2.9
Arginine ¢.38  9.61 1050 0.8 0.8 7.7

Aspartic acid 10,40 10.09 10,46 10.34 10.57 10.48
Threonine 3.02 3.2 3.10 3.18 3.2 3.61
Serine (RS 4,06 4,28 418 4.39 4,83
Glutamic acid 15.74 10,14 14,90 W& 156.03 15.36

Proline 3.78 3.78 2,88 .7 3.9 4,19
Glycine 1% 3.by 3.u¢ .26 3.51 L L
Alanine L7 3.97 3,64 .62 .70 ° 4.0
Cystine 1.12 1.62 1,44 1,00 1,43 1.16
Valine .23 1.8 3.85 3.9 3.86 §.19
Methionine 1.79 1.36 1.1 1. 1.22 1.9
Isoleucine U.0¢ b.12 Lo LR 4,30 Ry
Leucine 7.0¢ 6.u2 €.7C 6.5¢ 6.1 6.%
Tyrosine 2.89 3.04 2.88 2. 94 2.86 3.04

Phenylalanine €,21 5.3 5.48 5.93 5.65 5.60
Total 80.66 86,5  88.69  88.82  %0.19  B9.75
Protetn 3 2.5 31.93 3.7 .68 R0 0.3

8P 190 waad an o Yahanataru ahanl fae Armnariean valuae taoban frrm Yoet vaar
malysis

D Moisture free (Nx6.%)
29



Table 2. Amino acid composition (g/100g protein) of dhal ssmples of scme

accessions of wild species,

Mino acid C. Echinos- €, Judads
permve
Lysine 6.05 6.18
Histidine c.B 2.87
Arginine 9.75 8.75
Aspartic acid 10.26 10.58
Threonine 1.5 2.96
Serine 3.36 §.20
Glutamic acid 4,72 15.55
Proline .90 3.87
Clycine 3.54 1.4
Aianine 3.7¢ 3.64
Cystine 1.21 1.7
Valine 3.06 3.91
Methionine 1.1¢ 1.12
isoleucine §.17 §.19
Leucine 6.60 6.68
Tyrosine 2.0 2.88
Phenylalanine 5.30 5.87
Total 87.83 87.58
Protein ($)?  29.43 %0.22

® moisture free (N x 6.%)

T M S A

Lo 2 1 L

30

6.37
2.5
9.65
n.y
3.26
451
16.44

U,k

6.5
2.98
8.91
10.52
3.8
4.3
15,61
3
3.63
3.59
1.27
3.9
1.11
§.59
7.04
3.16
6.02
90.18
3.1

6.45
2.87
8.1
1.0
3.4
4.55
16.45
3.90
3.7
4.00
1.09
4.20
1.33
8.53
1.2
3.0
6.17
93.07
28.62



Table 21. Amino acid composition (g/100g protein) of dhal samples of sccessions
of wild species.

Ariro scid G Pinnat{- (. Pinoati- C Pinmati- G Beticy- G Rebicy-
it {idm aun

_ i fiom e
Lysine 6.18 5.08 5.4 6.0 6.08
Histidine 2.8% 2.2 2.9¢ 3.06 3.00
Arginine 9.3 7.63 10,18 9.66 10.30
Aspartic acid 9.93 7.42 9.9 10.48 10.2%
Threonine 3.28 2.10 3.0% 3.34 3.2
Serine 4,3 1.90 ¥, .65 8,
Glutamic acid 14,67 1,48 1L.08 15.19 14,78
Proline 3.4 3.5 .62 k.01 .62
Glycine 3.56 217 3.3 3.49 - 3.63
Alanine 3.82 4.Ce .58 3.88 .7
Cystine 1,00 0.58 1,07 1,84 .11
Valine L0 3.90 .7 L.00 3.94
Methionine 134 1.08 1.e6 1,43 1.39
Isoleucine 4.09 3.6: 2.92 b.23 b.09
Leucine 6.57 6.22 6.47 6.9 6.59
Tyrosine 3.08 .47 2.96 3.02 2.9
Phenylalanine 5.0 4.8 5.48 3.56 5.31
Total 87.09 T4, 4 86.77 90. M 88.27

Protein ()9 28.26 28.39 .13 30.57 .86

¥ Moisture free (N x 6.%)

L}



Table 22. Amino acid composition (g/100g protein) of dhal samples of scme
accessions wild species,

Mrinc acid 0, Reti- €, Betd- G Betd- G, Batd- € Jama- G Iaoa-
culstp culatm culale culatm  abite  ghitae

it e Preppr—

Lysine 6.0¢ 695 579 581 6.68  6.63
Histidine 2.86 2.88 2.80 2.88 2.9 2.80
Arginine C.uf 9.62 9.7% 10.70 9.17 9.26

Aspertic acid  10.33  10.40  10.43 9.9 10.73  10.88
Threonine .39 3.17 3.2 2.99 3.4 3.60
Ser.ne L8 LN Y L7 L.60 b.82

Glutamic acid 15,20 14,75 14, 8¢ W11 16.29 16.33

Proline 4,11 .82 .96 .70 3.93 4,26
Glycine .67 3.8 1, L 3.7% 3.8%
hianine 2.9 3.7¢ .70 .63 4,13 .23
Cystine v 1.0 1.er 1,05 .1 1,0l
Valine .9 LR L0 1.87 k.06 4.58
Methionine .42 L 1.7 1.27 1.49 1.3
Isojeucine L.1¢ L. 4.0 .87 4,60 4,58
Leucine £.72 6.8 t.4Q 6.10 1.3 1.2
Tyrosine 3.08 .99 ¢.82 .M 3.08 3.4

Prenylalanine  5.40 5,49 6,42 5.15 5.89 5.83
Total 89.23 88.67 87.47 881.6 93.27 o4.30
Protein ($)¥  28.1¢  26.62 3170 23,88 %.02  26.66

3 Moisture free (N x 6.25)
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Teble 23. Dehulling quelity of chickpea genotypes®

100 gradn Fraction yield (8)

Genotype ness —
(g) Wole seed Dhal  Brokens Powder  Husk Total
160V 1 15.0 6.9 67.7 1.8 .8 T N2 R
(. 23.8 1.4 Bu.g 1.0 6.2 &5 919
1cCC 3@ 17.8 11 8.3 1.5 6.6 3.6 9.3
1cCC 37 18.2 7.6 72.1 0.7 53 1.3 91.0
K 850 29.4 2.4 s 2. L0 9.4 98U
P 1329 18.7 2.6 80.¢ 2.8 1.7 0.2 9.8
Annigeri 21.6 12.6 .9 1 .6 9.7 9.8
H 208 1. 7.6 0.2 S0 39 9.9  %.6
L 550 19.7 1.0 8u.7 0.8 7.0 . 3.3 9.0
3 £0.33 4186 4289 0.3 020 4046 4203

Dehulled using Prajre Research Labcratory (PRL) mil)

1



Table z4. Effect of debulling on dhal yield chickpea (ev. Annigeri)®

—— - - - - - o o

Recov;ry (3)

Detwlling 100-grain -

time (min) mass (g) Dha) Powder Total

- hC’ 1€.5 100.0 . - 100.0
2 17.2 92.5 5.2 n.7
4 16.3 8.6 12.7 97.3
¢ 12,0 7C.4 26.2 96.4
0 1¢.8 k6.3 39.2 94.5
SE + 0.34 «1.28 + 2.03 + 0.54

A e N . R P S W B e W W WG A W - e 4 - R S S T U T e A5 OB A B W S e e T 0 e e

3 \'lsing Tangentia' Abras:ve Dehulling Device (TADD).
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APFODIX 1

Chemica. composition of whole seed of some advanced breeding lines and

T e we "W W wa TytaTTgrwws gyl wee s aye Ao A g PR L. 4 IS WY WY AWHIAWNT] WERYWYT

A AR D W AN S S SIS SN S . S 0 s A A O U - e

Soluble Crude

Protein Starch sugars 0l Ash  fiber

Genotype Group (%) (1) (%) 1) (%) (%)
1980/05 '

ICCY * (ICCC ) Des: 23.3 85.3 5.4 5.6 3.5 8.5

JCCC 37 Des: 18.7 5.3 ¢.9 6.4 2.9 8.5

< ReC Des1 2.0 0.7 £.0 6.4 2, 7.6

P 1329 Dest 0.7 816 5.7 7.0 3.4 7.8

Ann ger Des: 1.9 53,7 5.8 7. 3.1 8.2

L 6RO Kabul1i 2.3 563 6.1 6.5 1.3 2.5

(Ccve (ICCL 82001) Kabui: 0.6 £3.9 b.u £.7 35 3.8

ICCV6 (ICCC 32)  Kabul: et 5.8 £.1 €8 2.7

SE + 0.08 0.46  C.C 0.2 0.30 0.2
1985/86

ICCV 1 (ICCCL;  Des: 5.2 U8 56 5.4 3.1 8.
1cec 37 Des: 2.6 4.8 5.7 6.3 3.2 6.8
K 850 Desi 2.4 46.2 5.0 7.0 2.7 6.3
P 1329 Desi 2.8 15,7 6.2 67 2.6 1.
Anniger: Desi .2 417 56 6.2 3.1 T.2
L 550 Kabuli 22.0 47.5 6.3 5.8 w4 2.5
ICCV2 (ICCL 82001) Kabuli  23.0  53.5 S 5.9 34 3.3

ICCV6 (ICCC 32)  Kabul:  2¢.° 8.5 6.1 5.0 3.4 2.8
s b 00’7 0083 C-O& 0023 0006 0-&

- L X X L 2 4 4 g L 2 g

3t



APPEDDX 11

Minera]l and trace element composition of whole seed of same advanced breeding
iines and cultivars of chickpes in 1984/8% and 1986/8¢ at ICRISAT Centre

(enotype Groupv K Na Ca | In Cu Fe Mn
- g (100g)"" .

1984/85

ICCV 1 (ICCC 4)  Desy 1087.6 43¢ z2¢.0 138 4B 1.9 8.8 2.0
SLoee s Desi 1018.86 27.€ “6u.7 toue LB 1 Ty 2.6
v 8&( Des: 1012.4 31,6 139.0 1248 36 1.0 7.4 2.8
P 1329 Des: 0T B/ ¥ IR0 2.9 16 TS5 2.0
Anniger: Des 1108.¢  47.0 6.7 18,0 3.7 2.0 7.9 1.7
L 550 Kabul:  1088.1 Ge.t 28,6 oy 4.2 1.7 8.9 1.6
1CCV2 (ICCL 82001 ) Kabuls 1RG4 24,2 150,72 1371 41 1.7 8.1 %
ICCV6 (160C32)  Kabuli 145 61.2 1617 1347 38 1.4 10.0 2.0
SE + 20 W05 2 L. 0412 0.10 0.37 0.0
1985/86

ICCV 1 (ICCCu; Des! 9001 2.5 0.0 1265 45 1.0 7.6 2.0
ICCC 37 Desi 1€3%.0 631 1701 17,3 36 0.0 8.2 2.
K 850 Des 1021.7 %0.¢ 22:.2 1w.4 30 0.6 6.6 2.0
P 1329 Desi 1038.2 22.2 1361 1207 3.7 0.7 1.8 2.2
Annigeri Desi 6.1 0.8 WS vl 3 0.8 6.1 1.8
L 650 Kebul: 1142 &1,2 w33 1270 3.3 1.3 7.6 2.3

TCCV2 (ICCL 82001) Kabuli 1212.2 81,5 13,2 13w.2 3.8 1.3 1.7 2.9
ICCV6 (ICCC 32)  Kabuli  1187.5 81.1 1736 w0.,? 4.9 1.5 8.9 3.0
SE + 2043 4.8 120 2.89 0.1 0.08 0.66 0.08
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APPEROIX I
Chemica. composition of dhal of some advanced breeding lines and cultivars
of chickpea grown in 1984/85 and 1985/86 st ICRISAT Center

Soluble Crude
Protein Starch sugars 0i1 Ash  fiber
Genotype Group  ($) (%) (%) %) (%) (%)
1980/85
CCCV 3 (ICCC &)  Des: 1.0 5.4 6.0 6.2 3.4 1.2
“¢CC 17 Desi 21.5  58.2 6.2 7.1 34 1.1
« kRO Des: 22.7  %6.B 6.0 6.0 3.0 1.2
V1329 Des: 2.8 58.3 6.4 7.9 2.9 1.2
Ann.ger: Des! 18.5  50Q.F 67 7.9 33 .3
L 550 Kebuli  20.9  59.7 6.2 6.6 3. 1.4

ICCV2 (ICCL 82001) Kabuli  21.9  57.L 6.2 6.7 3.4 1.3
1CCV6 (ICCC 3.  Kabulli 27, 59.¢ 6.4 .1 3.4 1.5

SE + 0.13  0.46 (.10 .21 0.0 0.05
1965/86

ICCV 1 (ICCCH)  Des: 29.0  50.1 €6 5.7 3.8 1.0

1eCC 37 Desi ¢3.0  su6 €9 6.1 36 1.2

K 850 Desi 5.6 57.2 5.3 1.2 2.4 1.1

P 1329 Desi 6.8 51.8 57 1.3 25 1.1

Amnigers Desi 23.3 4.0 5.8 6.7 3.2 1.1

L 550 Ksbuli 22.7 5.2 57 5.3 3.9 1.2

1CCV2 (ICCL 82001) Kabuli  22.8  57.9 5.3 5.8 3.7 1.2
ICCV6 (1CCC 32)  Kabuli  21.4 54,1 €.3 42 4,0 1.4
SE o 0.6 0.8  0.10 011 010 0,06
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APPODIX IV

Minersl snd trace element composition of dhal of some advenced breeding lines and
cultivars of chickpes in 1984/85 snd 1985/86 at ICRISAT Centre

Genotype Group K Ns Ce Mg In Cu Fe Mn
mg (100)~! a

1984/85

ICCV 1 (ICCC 4)  Desi 1139.0 .4 695 1288 €0 1.2 7.0 1.3
ICCC 37 Desi 955.9 2,3 42.v 100.0 7 0.6 6.8 1.3
K 850 Des; M5 8.2 4.6 ‘066 3.9 0.7 6.9 1.8
P 1329 Desi 1086.2 40.8 wa.k 10R.T 14 0.6 6.8 1.1
Anniger{ Desi 1166.0 3.0 ot.6 ‘6.8 3.8 0.7 6.4 1.9
L 550 Ksbuli  1068.7 80.6 6R.Y 102.Y 4.0 0.9 7.5 1.3

iCCV2 (ICCL B2001) Kabuli 11148 3.3 60.5 et 3.7 0.6 5.8 1.7
ICCV6 (ICCC32) Kebuli  1163.4 47,6 4.6 M 36 0.6 9.7 1.4

SE o 47,7 3.98 5.3 5.0 0.05 0.10 0.56 0.2
1985/86

ICCV 1 (ICCCA)  Desi 1078.3 65.2 732 157 S8 1.z 8.8 1.
Iccc 37 Desi 10%.2 4.6 %2.¢ 107.7 4.2 1.0 64 1.2
K 850 Desi 10711 8.6 56.6 110.7 3.1 0.7 5.8 1.2
P 139 Desi 1071.5 41,7 547 1179 46 0.8 6.7 1.
Annigeri Desi 1015.1 §1.3 50.5 15,1 4,0 0.8 6.1 1.2

L 550 Kabuli 1158.8 53.9 7.2 1257 47 1.1 6.6 18
ICCV2 (ICCL 82001) Kebuli  1157.2 50.1 63.¢ 2.0 &0 1.0 6.3 2.0
ICCV6 (ICCC 32)  Kebuli  1095.5 8.0 74.¢ 10.7 6.0 1.1 7.6 1.8
St s 58.1 4,38 5.4  T.46 0.06 0.0 0.29 0.05
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Pigeonpea



Project # : P-111 (88) IC
Title : Study some of the factors affecting the grain quality of
pigeonpes.

Objectives:

1. Evaluste the cooking quality of pigeonpea cultivars.

2. Examine the levels of antimutritional factors.

3. Study the digestibility of proteins and csrbohydrates in uncooked
and cooked samples.

4, Determine the amino acid composition of selected cultivars.



PIGEORPEA

The following sspects of grsin and food quality of pigeonpes were
studied during this period. In sddition, anslysis of vegetable and
podfly resistance and susceptidle lines wss undertaicen.

1. Cooking quality and consumer soceptance

2. Chemical composition of sdvanced breeding lines

3. Protein content and amino acids

4. Effect of cooking on protein digestibility

5. Vegetsble pigeonpess

6. Dehulling quality

7. Chemical snalysis of podfly resistance and susceptible limes

Some experinert: were conducted to study these aspects. The

results of such experiments are summarised and discussed in this

report.

1. Cooking umlity and oonsumer preference

In some African and Asisn countries, cooking quality of pigeonpes
is generslly compared with other grain legumes, particularly in Africa
it is compared with cowpes. We compared the cooking time of pigeonpes
with other grain legumes as shown in Tsble 1. When the cooking times
of whole-seed and dhal of different legumes were compared, we cbserved
that reduction in cooking time after decorticstion was more in
pigeonpea (Table 1). Soybesn required the longest cooking time and
mung besn the shortest for both whole-seed and dhal samples. In
general the required time to cook was more for pigeonpes whole-seed

41



then coupes (Table 2). These differences in cooking time of whole
seed dissppeared after sosking in both water and beking sods oum,,
13 solution) indicating that soaking is more deneficial in case of
pigeonpes. Although we do not know the precise reasons for a much
grester reduction in cooking time {n pigeonpes as compared to cowpes,
the nature of seed coat and some physicochemical properties of the
cotyledons might contridbute to such differences.

Cooking quality of dhal of some advanced breeding lines of
pigeonpes was carried out. Cooking time, water absorption and solid
dispersability were determined (Table 2). Cooking time of theae
genctypes ranged between 32 min for ICPL 354 and 22 min for Bahar and
Gwalior 5 min. These cdifferences were &’ o substantiasted dy water
absorption and sclids dispersion charactericst.c: which are also
considered important for evalustion of cooking quality. We determined
the cooking time, water absorption and sclids dispersion of siy
genotypes of early maturity, ICPL 81, ICPL 87, ICPL 151, ICL 186, ICPL
8324, and UPAS 12C and five of wedium maturity, ICPL 270, ICPL 304,
ICPL 333, ICPL 84060 and C 11, Cooking time of these genotypes
including the check ranged between 16 and 22 minutes indicating
significant (P ¢ 0.(5' differences among the genotypes (Tasble 1),
Similarly protein content of these genotypes also differed
significantly (P < 0.01). However, we did not cbserve clesr cut
differences betweer ¢cr.y &r¢ pedium groups witl respect to these

characteristics.

For use as a mature grain, multiple harvesting of early
pigeonpess is becoming a common practice with the fsrmers. We

determined the effect of multiple harvesting on cooking quality of
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ICRISAT geotypes, ICPL 81, ICPL 87, and ICPL 151 grown during 1985-86
sesson st ICRISAT Center. Ssmples were harvested st an interva) of
sbout 60 days and dhal ssmples were snalyzed for protein content,
cooking time, water sbsorption and solids dispersion as shown in Tsble
5. No significant differences were appsrent in cooking time of sample
of two harvests and our results on water absorption and solids
dispersion slso substantisted this observation. On the other hand,
protein content of twc harvests differed significently (P ¢ 0.01)
showing higher values for the second harvest. This might have been
due to higher mobilizetion of nitrogen during Lhe jeriod of second

harvest.

Germinsted and fermented preparations of pigeonpea, if developed
may enhsnce utilizstion of pigeonpea in some Asian and Africen
countries. In our laborstory, preliminery efforts have been ude'in
this direction. We prepared two products of germinated pigeonpea (seed
cost removed after germination) in combination with rice flour named
as uttaps (oil-cooked) and porridge (water-cooked) and one fermented
product (dhokla) of pigeonpes dhal flour in combinatior with rice and
urd bean (black gran) dha) flours. Interestingly, sensory snalysts
f‘ouﬁd all these products acceptsble frce consumption point of view.
¥We also observed that both germinstion and fermentation process were
sble to remove off-flavor from pigeonpea. There is a need to develop
more soybean like products of pigeonpea :f this crop is to become
popular in some Asian countries. We plan to make some efforts in this
direction in the future.
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2. Chanical oamposition of sdwanoed bresding limes

It has teen our endesvour to monitor the grain quality of the
newly developed and advanced lines and genotypes of pigeonpes. Dhsl
samples of 3ome genotypes were analysed for protein, starch, sugars,
fat, crude fiber snd ash contents (Table 6). Protein content of these
genotypes ranged between 2C.1% for ICPL 151 and 2k.3% for UPAS 120,
ICPL 87 shcwed 23.8% protein. Similer “varistion was observed in

starch content of these genotypes.

3. Protein oontent and amino scids

We analyzed the protein content of 1573 dhal snd 752 whole-seed
samples received from ICRISAT pigeonpes breeders. It ranged from 18.8
to 34.5% for dhal samples and from 16.3 to 22.8% for whole-seed
samples. The analyses of dhal samples confirmed our esrlier results
that some of the iines developec ty ZCFISAT breeding jiugter lave
particularly high proteir contents. In additicn, we deternined the
protein content of 865 whole-seed samples from our Genetic Resources

Unit; which ranged from 17.2 to 24.8%.

We investigated the variability in amounts of sulfur-amino acids
in pigeonpea. Trese are at inadecuate leveis in genotypes so far
tested and we hcpe to identify gerctypes with sdequate levels., We
estimated methionine in 105 defatted dhal samples of a progeny raised
from gamma-irradiated material. The methionine content of these
samples ranged from 0.82 to 1.38 g (100 g)" protein and their proteir
content varied from 21.4 to 30.4%. Our pigeonpea breeders grew 2o
sccessions of Atylosis scarsbasoides in the postrainy season 1985/8€
at ICRISAT Center and we anslyzed defstted dhal ssmples of these for
their methionine « cystine content. Values ranged between 2.37 and
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2,03 g(100 g)"’ protein with the mean being 2.50 g (100 g)" protein.
This indicsted only 8 semall varistion in the sulfur-emino acid

contents of these asccessions.

N. Biolagical evalustion and protein digestibility

Among the grain legumes, the digesibility of pigeonpes protein is
reported t¢ be low even after heat treatmert. We examined the ef f.ect
of cooking on protein digestibility of whole-Seed and dhal. We used
raw asnd cooked (1¢ 'L preasure for 1% min) samples of C 11 for
ticlogical evaluat:ornx by conducting rat feeding trisls. Five male
raets each weighing about 60 tv 68 ¢ were fed the diet for five days ir.
metabolic cages. 'C g diet was fed daily. Urine and faetes were
collected efter *te exper rents’ period of © deys and analysed fcr
ritroger. cortert. [iet consured inc¢ tcdy weight gained by the rats

were also caiculated. .

Some differences & thoug! stat:stice’’y rersignificoant were
observed in the amounts of food consumed by the rats., The amount cf
food consumed wisr ncre ‘nothe cate of 1&w than in ccoked whele-seed
but the reverse was true for dhal sample. The amount of food consumed
was associsted with the body weight gair which increased signifjcantly
in dhal sample as a result of ccoking (Table 7). Cooking
significantly (F < C.01) increasec tle protein digestibility in both
whole-seed and dhal, and the effect was more pronounced in dhal sample
(Table 7). PBiological value of whc.e-seed decreased significantly (P
< 0.01) on cooking while such ar effect wae not apparent in dhal
ssmple. lLower biological velue of whole-seed cooked sarple showed
that less nitrogen was absorbed by the tocy after heat treatment.

Although the biological value of whole-seed decreased slightly,
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significent (P < 0.01) increpse in protain digestibility of dhal
brought sbout resarksble imprevement in its net protein utilisetion es
8 result of cooking. This stady sufficiently showed thet bdemeficial
effect of cooking in terms of protein utilization may be possible in
dhal and not in whole-seed.

5. Yagetable pigecnpess

The development of vegetable pigeonpess hes received considersdle
sttention in the recent past. Although it is not clear whet quality
factors are important in selecting pigeonpea for vegetable purpose, we
continued to anslyse the breeding lines for protein, soluble sugars
and fiber contents, the constituent: which we have identified as
important from the utilizstion point of view. Creen seed samples f
45 genotypes were snalysed for these constituents. Developing pods st
30 to 35 days after flowering were collected snd shelled in the
lsboratory. After noting the grain fresh weight, samples were f{reeze-
dried and analysed. Fifteen genotypes each belonging to early, medium
and late maturity groups were ans.ysed (Appendix 1). No large
difference in the levels of these constituents were observed. Also,
the genotypes belonging to different maturity groups did not revesl
clear cut differences.

6. Dabmlling gemlity
We continued our dehulling studies and during this year our major

emphasis was to study the nutrient losses dve to methods of

processing. To exsmine this aspect, the effect of duration of

dehmlling on dhel yield was studied (Table 9). As the dehulling time

incressed in TADD the powder fraction increased and subsequently dhal

yield decressed. This happens due to the sbrasive action of the mill
&



umhmminlymmmporumormmm Inas
typical commercial dim] mill, delmlling of pigecnpss is cerried ot
using » sisilar msechenise of » roller machine.

The results of chemical snalysis including minerals and trace
elements of dhal and powder fractions obtsined dy dehwlling for
different times are shown in Tables 10-11. Protein, soluble sugars,
fiber and ash contents of powder fraction were higher than the dhal
fraction snd the reverse was true for starch content (Table 10).
These differences were more pranounced when dehulling was performed
for 2 min. But deluling for s longer period reduced such differences.
This indicated that outer portins of cotyledons are richer sources of
protein, fiber, sugar, and ssh snd poorer sources of starch which
appeared to be concentrated in Lthe {nner portion of the cotyledons.
Further, it may be nctec that these constjitutions are not uniform’y

distributed in the cotyledons of pigeonpea.

Miners]l and trace elements analysis of these fractions nlao-
indicated some changes (Table 11). Of the various constituents, we
observed significant losses in calcium (P < 0.01) and iron (P ¢ 0.01)
contents even in case of dehulling for 2 minutes. This indicated that
these constituents are concentrated in outer layers of cotyledons
which are successively removed as 5 result of dehulling. Amino acid
compooit.ion. protein fractions, and trypsin inhibitors play s very
important role in determining the protein quality of grain legumes.
Effects of detulling of pigeonpea on these constituents are shown in
Tables 12-13. Results of amino acid analysis of dhal and powder
fractions indicated no large differences (Tadble 12-13). The

concentration of major amino acids, glutamic acid, aspartic acid,
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leuoine snd phenylalanine did not vary between the dhal and powder
fractions. This indicated that these amino seids are uniforaly
distriduted in the cotyledons. These fractions were also examined for
trypsin inhibitor activity (Tadle 18). Trypsin imhidbitor units (TIV)
were slightly higher in powder fraction than in dhel end the trend was
reversed vhen the results were expreased as TIU/mg proteins (Tadble
15). This might have been due to higher protein content of the
powder fraction. Observed results reveal that trypsin inhibitor
activity may not be removed consideratly due to processing method.
The distribution of albumin, globulin, glutelin and prolsmin protein
fractions in dhal component dehulled for different intervals is shown
in Table 16. The levels of verious protein fractions did not change

significantly (P ¢ 0.05) as 8 result of dehulling.

7. Camical amalysis of podfly resistance and susoceptible lines

Two genotypes with four replications esch of low podfly (LPF) and
high podfly (HPF) groups were snslysed for protein and sugar contents,
the constituents considered important in terms of pod fly atteck based
on our previous results. Flowers, podwall, immature and mature seeds
of these genotypes were analysed and statistical analyses of the dats
are presented in Table 16, [D/fferences among genotypes were
significant excepting protein and sugar contents of msture seed.
However, the d:fferences between LPF and HPF were significant with
respect to sugar content of flower and mature seed samples which was
higher in LPF genotypes. Podwall samples of these genotypes were 8130
anslysed for amino acid composition (Table 17). Aspartic scid and
glutamic acid were higher in LPF genotypes as compared to HPF
indicating their possible rcle in podfly attsck in pigeonpea.
However, additional studies in this direction will be useful.



Tadle 1. Comperison of cooking time of whole seed and dhal of legumes.

Cooking time (min) Per cent reduction

o wole et D1 e
Pigeonpes (C 11) " 20 4.5
Chickpes (G 130) 54 2 8.1
Cowpes® 3 15 50.0
Soybean® 64 a3 2.8
Mungbeen® 17 10 4.2

SE 4213 +1.T5 +0.83

3 Market sample
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Todble 3. Evalustion of cooking quality of dhal samples of some
genotypes of pigeonpes grown st ICRISAT in 1985/86 season

Cultiver Protein (%) c:oumm lb::::::m dis:::l-::m‘
(min) 8/t (%)
ICPL 354 21.7 ? 1.18 2.2
ICPL 358 2.2 28 1.26 2.5
ICPL 360 22.1 X 1.26 28.0
ICPL 365 2.3 % 1.26 26.4
ICPL 366 18.7 27 1.20 21.4 .
ICPL 369 22.1 Py 1.23 2.5
ICPL 371 22.0 26 1.5 23.6
ICPL 8398 23.6 28 1.78 38.6
TCPL 83103 21.4 2 1.19 3.2
ICPL 83104 2.4 23 1.185 3.5
ICPL 83105 20.8 Pas 1.22 29.6
ICPL 83106 23.9 2u 1.21 28.1
ICPL 83120 22.4 26 1.4 21.9
ICPL 83143 22.9 o 1.18 21.8
ICPL 84072 21.7 29 1.18 2.4
NP(WR) 15 23.3 28 1.7 29.9
GMALIOR 5 8.7 2 1.77 2.6
T7 23.5 2 1.63 .6
BAHAR 21.6 2 1.74 28.5
SE + 0.20 +0.32 + 0,025 + 0.58

— ———

% Samples were cooked for 20 minutes
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Table 8. Evalustion of cooking quality of dhel semples some esrly and
wedium meturstion of genotypes.: |

g o
Gooking Wter Solids
Genotype Protein time sbeorption dispersion®
(%) (min) (¢/8) (%)
Early
ICPL 8% 2.0 16 1.2 2.8
ICPL 87 2.2 17 1.19 32.3
ICPL 151 17.9 17 1.09 .6
1CPL 186 23.2 22 1.06 23.3
ICPL 8324 19.5 19 1.22 33.0
UPAS 120 2.3 17 1.07 8.9
Medim
ICPL 270 20.7 17 1.27 8.9
ICPL 304 20. 17 1.06 .4
ICPL 333 20.1 16 1.29 7.9
ICPL 81060 21.0 16 1.06 28.0
cHn 20.8 17 1.04 5.5
SE + 0.2 + 0.8 + 0.043 + 8.8

® Sample cooked for 15 min before estimation
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Table 5. Effect of harvesting on protein snd cooking quelity of dhal
samples pigeonpes ganotypes grown st ICRISAT Center in 1985/86.

Protein Cooking Weter Solids
Cenotypes Harvest ($) time (min) sbeorption  dispersion
(¢/8) (%)
ICPL 81 1 18.7 18 1.28 1.5
2 20.0 16 1.13 .5
Icr 87 1 a1.2 16 1.12 .5
2 a . 16 1.2 n.2
ICP1 151 1 2.2 P4 1.10 3.4
P4 2.8 24 .1 26.0

o
-

SE 4 0.12 ¢ 0.59 ¢ 0.036 4
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mll.&?‘m composition dhel samples of genotypes deweloped o8

o - Y

Protein  Sterch  Sugars Fat Crude Ash

Cultiver (3) (3) (3) (1) Fiber (3)
(%)
ICPL 81 2.6 53.8 7.12 2.7  1.29 A.70
ICPL 87 23.4 54.5 1.02 .2  1.% 3.88
ICPL 151 20.1 57.7 7.08 3.02 1.4 3.9
ICPL 30 2.1 54.9 6.74 2.8 1.8 a.49
ICPL 270 23.3 54.6 6.78 2.69 1.m 247
UPAS 120 0.3 52.6 7.72 2.56 1.0 2.70
¢ 2.3 57.1 6.62 2.55 1.06 4.3
SE +0.15 4088 +0.09 +0.12 #0.05 0.0

® Grown st ICRISAT Center in 1985/86.
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Tsble 7. Effect of cooking on diological value, protein digestibdility amd
net protein utilization in pigeonpes (cv. C 11).

Food Weight Bfological True protein et protein
Trestaent constmed gain per  walve digestibiliy utilizstion

per rst  rst (g) (%) (1) (1)
(g)
Whole seed
Row N2 a4 70.7 61.1 43.1
Cooked 41.0 3.4 64.7 7.8 5.3
St + 3.3 +0.3 + 2.0 ¢ 1.13 + 1.0
Dhel
Row 41.9 1.9 .7 7.0 5.2
Cooked 58,7 5.6 69.6 83.0 57.8
SE ¢1.87 ¢+ 0.68 + .37 +1.60 ¢ 1.63
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Tebie 8. Effect of storage on cooking queiily ! vegrlol e pigednpes tv, Nyion stured
2% Sifferent temperstures

Rooe temp. (2%C) Cold room temp. (5%C)
Storsge Noisture Cooking Texture pesk ares®  Motsture Cooking Terture pesk sree
Lime (%) Lie  eercsemccieneen. (1) time ST -
(min) PP  Dotlea® (mtn) Rowt' Mol led
O 63.? 13 9&“ 30?3 63'7 A - -

i dey 61.6 18, 12.8 b6 6.6 13 10.8¢ &.0%

< day 61.0 ' 12.8% 8. 66 61 13 11,66 419
3 day 6" 16 16.08 0% $0.9 n P> I N
v day 59. ¢ 18 . T 6. 18 tred wm

SE e 086 o020 2080 03 C '.06 + 0.3 0.4 408
..... ———————— o 10 . 2 1 O e e L 0 R e B O
¥ Pods were harvested al vegelable stage wni' stored jr the laborstery,

R € Erains were taker and leature messurwd Uding ar extruroon cell,

for boiied sami’e, heiling Lime vas 0 min



Table 9. Effect of dehulling using the Tangential Abrasive Dehmlling
Device (TADD) on dhsl yield (cv. C 11).

nc?&m wonz'nin Recovery (%)

(min) (®) Dhal Powder Total
o 8.4 100.0 - 100.0
2 7.9 93.3 5.0 98.7
] 7.4 87.3 10.9 9.3
8 6.3 .7 2.6 %.3
12 5.0 63.1 33.4 96.5
SE + 0.8 + .30 +0.65 + 0.54

SThis trestment was dehulled by hand and not subjected to sbrasion in
the TADD.
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Table 11. Effect of durstion of dehulling on minera]l and trece elements
of dhal and powder fractions.

Dehulling Colcium Magnesium Zinc Copper Iron Menganese
time

(min) (mg/100 g)
Dhe}
(1 58.2 117.5 2.9 1.4 5.1 1.6
2 “05 ’m.1 209 1.3 307 1‘6

| 8.0 108.5 2.6 1.3 3.6 1.4
8 41.0 110.1 2.6 1.2 3.2 1.4
12 8.8 108.2 2.6 1.1 2.5 1.2
St 230 s 319 012 #0117 019 0.13
Powder
2 149.7 161.6 5.0 3.0 15.4 3.0
3 107.5 137.8 3.9 2.2 11.0 2.9
8 86.3 112.1 2.6 2.2 8.4 2‘.9
12 82.6 109.8 .5 2.1 7.8 2.2
s + 2,08 4+ 2.78 0.0 0.5 4153 +0.19

—— -

SThis trestment was dehulled by hand and not subjected to sbresion in the
TADD.
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Table 12. Amino acid composition (g/100 g protein) of dhal of C 11
obtained by dehulling for différent intervals

o QIS

Dehulling time (min)

o ————

Amino scid 0 min 2 min A min 8 min 12 min
(Control)
Lysine 6.98 6.88 7.00 6.86 6.76
Histidine 3.9 3.87 3.96 3.86 3.7
Ariginine 6.68 7.2 6.54 6.49 6.15
Aspartic acid 9.9 9.8 9.80 10.04 10.8%
Threonine 3.72 3.63 1.80 3.82 N
Serine 8.74 8.66 4.82 §.33 3.56
Glutsmic acid 21.20 .56 20.81 21.18 2.
Proline §.12 3.90 4,17 4.02 3.78
Glycine 3.65 3.68 .84 3.74 3.52
Alanine 4.07 4.09 1.92 4.13 §.18
Cystine 0.98 0.88 1.08 0.96 0.90
Valine 3.78 3.81 3.87 L2 4.01
Methion:ine 1.48 1.38 1.39 1.38 1.23
Isoleucine 1.65 3.69 .M 3.62 3.64
Leucine 7.10 7.16 7.2H 7.29 7.00
Tyrosine 3.04 2.7 2.04 3.14 2.83
Phenyalanine 8.66 8.59 8.177 8.42 8.10
Total 97.63 96.77 97.76 97.45 9u.37
Norleucine
Recovery (%) 98 q 96 9% 101

Protein § in sample
(defatted moisture

free) 21.4 20.8 20. 19.6 19.6

LA
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Teble 13. Amino scid composition (g/100 g protein) of power frection
of C 11 obtained by dehulling for different intervals

Dehulling time (min)

g

Amino scid 2 min A min 8 min 12 nin
Lysine 6.38 6.86 6.49 6.86
Histidine 3.66 3.69 3.69 .
Ariginine 6.95 6.51 6.40 6.8
Aspertic acid 9.75 9.85 9.78 10.05
Threonine 3.89 3.85 3.86 3.80
Serine 4.57 4.62 4.68 4.58
Glutamic scid 19.88 20.42 20.24 2.72
Proline 3.57 3.72 3.65 3.73
Glycine 3.62 3.58 3.59 3.54
Alanine 3.89 3.81 3.87 3.7%
Cystine 1.26 1.20 1.2 1.16
Valine 3.87 387 3.9 3.89
Methionine 1.40 1.43 1.48 1.45
Isoleucine 3.62 3.59 3.62 3.64
Leucine 7.00 6.62 6.69 6.87
Tyrosine 2.92 2.87 2.9N 3.02
Phenyslanine 8.55 8.72 8.81 8.87
Total - 94.38  9u.81 94 .88 %.M
:;:gtu m‘ 3.2 29.7 a1.1 k.9

free)
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Table 18 Effect of durstion of dehulling on trypsin inhiditor
sctivity of dhel and powder freotion of C 11,

Dehulling Trypo;;tlnhlbnor units (TIV)

?3) TIU/wg u;h N TIU/mg protein
Dhal Powder Dhal Powder

o* 12.6 - 68.0 -

2 12.5 16.7 60.1 53.4

A 13.5 .7 . 66.3 9.1

8 13.0 15.3 66.4 56.3

12 12.5 8.7 67.0 58.8
SE +0.38 + 0.15 +0.88 ¢+ 0.5

3This treatment was dehulled by hand and not subjected to
abrasion in the TADD.



Table 1S. Effect of durstion of dehulling on seed protain fractions of dhel

NS AN

Dehulling Albumin Globulin Glutelin Prolmmin bt(rary
time

(=in) (/100 g total protein)
o 9.5 6.4 18.5 3.5 %.9
2 8.4 61.2 2.3 3.4 9.3
\ 8.8 6.5 19,0 2.9 9.2
8 8.2 66.4 18.2 3.2 9.0
12 7.8 66.3 18.2 3.6 9.9
3 20.36 1.3 2 0.75 $0.%0 -

SThis trestment wes detwlled by hend and not subjected to sbrasion in the
TADD.
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Tabie 't Proteir an solubie sugar: of floser., j«dwally and wedd ol pigoimgas
lines showing varisble responge to podfly attack ICNISAT Center, Kharif 19BS/86.

Pretein Soluble sugars
Cultivar Fiowers Pode Green Mature Flowers Pod- Green Mature
vall seed  aeer wall seed sond

L I R e R R N A A I N T ™

ICP 798 LPF b.3e 12.83 M.t 5. 6.0 8.3 W0.06  6.72
ICP 8102 ¥ 366 12.97  26.63 1. 7.31 0.8 w7
1ICP 1ITT MPF .77 .08 777 1968 .78 10,01 1132 6.0

ICP BeQs WPF h.12 R8T M N & A 0.8 126 6.
SE ‘m!) : 0.%89 0.2 0.0 0w O 0.0 0.5%6 0.4
vy ' 9.2 3.0 e.d '»-.%‘ S.4 7.0 9.9 %5

Significance s . < LN - S s NS

OVERALL COMPARISON RE™WEEN LB AND W bt “USCEPTIALE

Low pod! .y 8 1290 X e b T g8 1N 6T

Migh poal.y 3.9 138 R0 Aot 1098 6.3
8% e 0.1? 0.8 n.ate COEY 0,322 0.%43 0108
NS ¥ o 6. . . . Y, 90 e "

Significance NG " N MY ‘ NS N ¥

LPF . less suaceptitie to podfiy
HPF : kigrly susceptib.e to pdfl.y
RS : Kot rognificart

S Diugnificarnt



Table 17. Amino scid composition (g/100 g protein) of tender pod wall
of genctypes showing varisble response to podfly sttack.

Amino acid ICP 798 ICP 8102 ICP 7337 1CP 85%
(LPF) (LPF) (RPF) (HPF)
Lysine 5.3 §.38 8.0 .37
Histidine 3.67 2z 2.9 3.9
Ariginine 3.9 3.66 3.63 807 °
Aspartic scid 13.34 13.86 16.36 15.86
Threonine .M 3.04 2.96 2.86
Serine 41 3.53 3.33 3.17
Clutamic acid - 9.9 8.60 8.22 7.89
Proline 8.10 3.82 72 .M
Glycine 4.16 3.45 3.2 3.10
Alanine 8,43 3.90 3.72 3.66
Cystine 0.39 0.34 0.3 0.21
Valine 4.49 3.77 3.7% 3.51
Methionine 1.57 1.40 1.15 1.07
Isoleucine 3.99 .0 .05 3.04
Leucine 6.59 5.49 5.19 5.12
Tyrosine 3.49 2.84 2.68 2.47
Phenyalanine 8.3 3.69 3.3 3.8
Total 81.65 Tn.7m9 .99 70.68
Protein® ($) 1.6 12.9 14.6 1.3

8 Defatted and moisture free basis (N x 6.2%)

LPF = Less susceptible to podfly, HPL = High susceptible to podfly
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n
Pigeonpes : Results of snalysis of green snd mature seeds of vegetadble
pigeonpeas grown in 1986/87 at ICRISAT Center.

Protein $ Sugars § Crude Fiber $

Entry ¢

Green Msture Green  Mature Green Mature
7201 22.0 18.2 L 5.82 6.89 6.2
7202 1.3 19.1 .39 5.76 6.76  17.05
T207 .8 18,6 2.64 5.66 6.33 6.60
7210 21.9 19.3 3.65 £.22 81T 6.2
211 231 19.9 b, 5k 6.4 6.0 7.0
T408 1.7 19.1 6.60 6.4 7.69 5.74
7409 20.5 17.9 6.77 €. B.og  6.94
Tul0 2.4 19.3 5.0 6.08 8.63 6.22
T2 1.8 19.3 5.86  5.82 9.06  7.84
T413 21.6 18.4 5.50 6.0k §.66 .90
503 2.3 18.% .19 5.6C 7.0¢ 6.16
505 2.2 2.9 6.64 6.63 R.89  6.35
T506 23.2 8.8 R.08 6.6¢5 7.87 6.9
514 23.3 2.6 7.5% 6.57 7.85  6.98
7515 2.3 2.1 .12 5.93 8.10 5.87
8301 - 2.5 2.2 6.90 5.7 7.5 5.5
8302 1.8 2.6 7.82 5.8¢ 6.79  5.48
8203 1.6 19.8 6.1 5.83 7.36 .2
8304 2.6 19.5 6.98 5.64 7.85 5.88
8308 21.7  19.9 7.5 5.49 .77 6.57
8309 2.2 25 6.14  5.75 7.46 5.9

8310 2.5 2.5 7.53 5.38 T.64 5.4

%0



Protein § Sugars § Crude Fiber §

Entry ¢
Green Meture  Green  Meture  Green Meture
8311 25 2.0 7.3 5.5 7.82 6.1
8314 2.9 2.8 6.66  5.M 7.59  5.83
8316 2.1 190 5.08 5.26 7.43 5.8
8701 2.7 19.8 N7 L3N 7.63  5.59
8702 2.2 2.6 9.3 5.4 7,61 5.72
8703 2.7 2.5 Q.04 5.73 6.37 6.02
8704 Q.1 2.2 8.73  6.33 650 6.9
8705 20 2. 8.18  6.00 6.80 .84
8708 2.3 2.3 9.00  6.04 6.2 5.72
8711 2.2 2.3 9.18 5.9 7.75  5.58
8712 2.5 2 8.23 €.14 6.86 5.9
871 A.6 2.9 10.63  5.76 7.03 5.7
8116 2.4 2.5 1.6  6.08 7.67  4.93
880 1.9 2. 4.87  ©.86 7.90 5.8
8802 2.2 19.¢ 4,86 5.8 740 5.70
8803 2.6 2.1 €71 5.kl 8.10  5.87
8804 2.2 2.5 6.7 5.3 .23 5.%
8805 0.6 21.0 8,20 5.48 7.61 5.8
28 2.6 b.43 5.2 7.1 6.39
8807 2.1 2.0 .66 5.10 7.56  5.94
8809 1.2 18.8 .69 5.4 7.91 4.8
8810 2.4 0.2 5.93 5.86 7.07 5.8

8812 2.3 2.¢ 5.88 5,44 6.% 5.68
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