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This report describes the various research activities
carried out on biochemical, processing and food quality
aspects of pear] millet from Januvary 1986 to 1987,
This work was carried out by Grain Quality and
Biochemistry unit in collaboration with pearl millet

breeding unit.

This is not an official publication of ICRISBAT and
should not be cited.

April 1990 V. Subrasanian
R. Jambunathan
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Project Wo.: *117(88) IC

Project Title: Breading for protein cantent and quality.
Project Scientists: Fheru Singh

V. Sobcamenian

Gbjectives

a.

Develop stable sources (lines) of high protein.

Ttilize these sources in developing hybtids and varieties having high
protein and grain yield.

Identify new sources of high protein with better agronamic traits.
Monitor the protein content and quality of elite products tested in
advanced trials.

Study the inheritance of protein.

Bvaluate the quality of protein and nutritional value of the high-
protein lines.



Idmntificetion of new scurces of high protein

Protein analysis of breeding nursery revealed a range of nev lines
vith high protein content. About 3600 germplasm lines were scresned for
protein content and a few of them had protein content of more than 158.

Protein content and quality of elite products

Significant differences in albumin and prolamin fractions were
cbserved among the high protein genotypes. ' Albumin fraction of low-protein
(9.9-11.3%) genotypes ranged from 20.6 to 23.5% whereas those of high-
protein (14.4-19.9%) genotypes ranged from 15.8 and 19.5 . The average
decrease in albumin fraction in high-protein genotypes was 200, This
decrease was compensated by an increase of 15 Vv in prolamin fraction in
high-protein genotypes. Globulin and glutelin fractions did not change
much among these genotypes. However, it should be noted that the
concentration of albumin fraction was considerably higher in high-protein
lines when results were expressed on per gram basis due to 60 § increase in
the protein content of these genotypes. This is very important from

nutrition point of view.

Amino acid compoeition of high-protein genotypes (B 816, WC 190, and
700112) was compared with released cultivars (IOMS 7703 and WC C75). In
general, pear]l millet, like other cereals, is low in lysine, tryptophan,
threonine, and sulphur-containing amino acids. Interestingly, the amino
acid composition of these genotypes did not show large variation (Table 1).
Lysine content of released cultivars was 3.27 and 3.38 g 100 g”) protein
vhereas those of high-protein genotypes ranged between 2.66 and 2.94 g 100
g”! protein. Thus a small decrease (about 158) in lysine content of high-
protein genotypes against about 60 § increase in their protein contents was
cbeerved. Noticeable difference in tryptophan content of these genotypes



Table 1. Mino acid composition (g (100 g)™1 protein) of elite cultivars
and high-protein psar] millet lines

Mino acid IOS 7703 WCC73 B 816 WC 190 700112 Mesn SE

Lysine 1,38 .27 2.82  2.66 2.94 13.01 +0.136
Ristidine 2.29 .48 2,27 2,34 2.21 2,32 $0.045
Arginine 5.21 5.75 4.88  5.06 4.82 5.14 30.166

Mepartic acid 8.92 8.89 8.78  9.02 9.02 8.93 +0.045
Threonine 3.95 4.00 3.85 3.79 4.01 3.92 £0.043
Ser ine 4.97 .85 4.64 4.77 4.87 4.82 +0.05%
Glutamic acid 20.84 20.25 20.15  21.56 20.52 20.66 40.254

Proline 6.22  6.18  6.91  6.36 6.54 6.44 40.133
Glycine 178 L7739 319 339 152 +0.113
Alanine 8.26  8.01 B8.48  B.59 8.37 B8.34 40.099
Cyst ine 0.70  1.02 1.35 1.00 1.08 1.03 40.103
Valine 5.68  5.57 5.83 572 5.85 5.73  40.05
Methionine 1.66  2.19  2.03  1.41 1.8] 1.82 #0.137
Isoleucine 076 4.58  4.85  4.82 4.87 4.78  +0.052
Leucine 10,50  10.44 10.72  11.06 10.8] 10.71 +0.111
Tyrosine 357 347 34l 332 332 34l 40.047

Phenylalanine 5.31 5.25 5.5 5.3 5.39 5.37  +0.049
Tryptophan 1.69 1.70  1.83  1.81 1.66 1.74 +0.034

Protein § 9.9 11.3 144 16.7 19.9 4.4 4.8




vas not cbserved. Pearl millet genotypes containing higher amount of
prolamin fraction had slightly more proline amino acid but the differences
were marginal when compared with the low-protein genotypes. No clear cut
differences in the concentration of other essential amino acids were
cbeerved between low- and high-protein genotypes. Lysine and tryptophan
cantents of high-protein genotypes were markedly higher when the results
wvere expressed as per gram sample as compared to that expressed on protein
content basis, and this is of nutritional significance. This indicated
that high protein content in pear] millet was not associated with reduced
protein quality per se.

Cooperation with Mstional Agricultural Research System

Grain protein and fat contents were determined in 42 cultivars
supplied by Dr. Harainarayana, Project Coordinator, All-India Coordinated
Pearl Millet Improvement Project.

This project was terminated in 1987



Project . : W-132888) IC

Project title : Bvaluation of food quality characters and
plysicochemical properties of pearl millet.

Project Scientist : V. Subcamanian

(bjectives

a) Standardize the methods of preparation of pearl millet foods (of
India and African countries) and evaluate the food quality of selected
cultivars.

b) Determine the physicochemical properties of selected pearl millet

cultivars.

¢) Determine the relationship between physicochemical, structural and

processing characteristics of pearl millet grain and food quality.

Pood quality comprises of processing quality, culinary quality, and
nutritional quality. Dehulling and milling quality are important
processing methods for making various African foods.

Milling quality

The particle size of millet flour is important and influence: texture
of the foods. We studied the particle size distribution of flour and grits
collected from food research laboratories in Niger and Senegal by
V. Subramanian. Plour from dehulled grains used for making fura (thin
porridge-1ike) contained the following distribution of particles: 26.7%
retained on 45 mesh sieve; 54.7% passed through 100 mesh sieve (Table 2).
Flour from dehulled grains for making hourou (thick porridge) had nearly a
similar distribution. In case of flour used for cougcous (steam-cooked
product), which is granulated, it contained more than 35.9%8 of particles



Teble 2. Turticle sise distribution of pearl millet flours and grits

Percent retention on sieve (mesh)

Plour/grits 20 1) 60 80 100 >100

A. Flour used for fura! 0.15 26.7 8.1 7.0 1.9 54.7
B. Plour used for hourou!  0.15 23.9 11.2 9.3 2.3 50.4

C. Plour used for cous cous® 15.1  35.9 8.2 1.0 2.4 29.7
(granulated)

D. mz (coarse grits) 99.2 - - - - -
E. Sanzal’ (fine grits) 6.7 3.0 13 - - -
Mean 6.7 9.1 7.2 7.8 22 #4.9
> 420,09 $2.58 42,09 #0.77 $0.15  #1.72

lsample collected in Niger
2smple collected in Senegal



retained on 45 mesh sieve and 29.7% passed through 100 mesh sieve. The
results suggest the existence of variation in flour particle sise
requirements for different foods. Coarse grits of peerl millet Qrise
used for making tiakri (porridge-like), dugubu isn (rice-like) etc.
colliected from the Institut de Technologie Alimentaire, Senegal showed
retention of about 99.0% of sample on 20 mesh sieve. Fine grits (ganxal)
used for making lakh cous Goug etc. showed 68.7% and 30.00 retention on 20
ad 40 mesh sieves respectively. Particle size index (PSI) was influenced
by the grain characters as well as processing method. It will be useful in
evaluating the PSI for testing the suitability of cultivars for various

food uses in West Africa.

Pood quality

A few traditional foods that are common in Niger and Mali were
prepared with the help of scientists from these countries. Roti was also
prepared. The food samples were processed and analyzed for chemical
composition, amino acid composition and ip vitro protein digestibility
(IVPD). Changes in the chemical composition due to various processing
methods are shown 1n Table 3. A reduction in protein content was observed
in some of the foods except for uncooked -fura, and cous cous as compared
to dehulled flour. Several amino acids in the foods showed an increase as
compared to the grains, which may be due to the release of bound amino
acids during cooking. Protein digestibility (IVPD) was reduced
considerably in cous coug, neutral té (Niger), and fura. BHowever, in
acidic tO(Mali) the digestibility showed considerable improvement. The
IVPD of whole grain flour and foti was similar.



Table ). Chemical composition and jn vitro protein digestibility (IVID) of gsn‘
alllet flour and foods preapeed with B 104 grain, ICRISAT Canter, 1986.

Percent
Plour/food Protein Pat Ash Starch Sugars Amylose Piber IVID
Detulled flour 90 52 14 ma 1.1 %2 0.8 84

Pua Gncocked)! 103 65 18 6.3 19 M2 14 88
Pura (uncocked)! 9.9 46 11 0.9 21 2.0 0.9 58

Pura (cooked)! 9.5 54 L1 L1 13 32 09 8
To (Niger)! 98 3.5 1.4 6.5 05 329 0.8 M
T Mali) 9.5 37 15 6.1 L0 39 0.8 %
Cous cous’ 100 56 LS 04 12 WS 07 @
Rt 107 54 - 03 L9 - 13 W
Mean 9.9 5.0 1.4 6.7 14 4 10 N
% H0.08 0 40.36 40.00 074 009 +0.80 #0.09  45.]

Iprepared from dehulled grain flour,
2Prepared from whole grain flour.
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The [oti quality of seven ICRIBAT cultivars (ION 1 O C75),IO0W ¢
(IOeS T703) IONS 7704, IO@ 45)1 1I0@ 501, ICTP 8203 and white-seeded) wes
compared with 4 other cultivars. Rpti quality wes evaluated by a taste
nane] at Baryana Agricultural University (HAU), Bisar, as pear] millet
X1 is a comon food in Haryana. Twelve persons scored otis mede under
identical conditions, for color and appearance, texture, odor, taste, and
general acceptability. Rotis from IOV 1 (WC C75) and IO 45) were rated
better than those from both control varieties for all traits evaluated
Mable 4). PRotis from IOMV 4 (IOMS 7703) were generally comparable to
tlose from the controls, except in texture. Rotis from ICTP 8203 were

rated lower than the controls for most of the evaluated traits.

Relationship between physicochemical, structural, and Processing
characteristics and food quality

We confirmed that foti quality of flours was influenced by physical
factors like swelling capacity of flour (r=0.82) and weter-soluble flour
fraction (WSPF, r=-0.87). The chemical factors, water-soluble protein
and fat contents showed significant poeitive correlation with fot{ quality;
awylose content was negatively correlated with rot{ quality.

We determined the chemjcal composition of grains of selected
cultivars, which include ICRISAT elite cultivars, popular hybrids and local
types. These were grown in Bhavanisagar in 1984. Grain protein content of
ION 4 (1048 7703), ICTP 8203 and IOMH 451 was comparatively higher than
IOV 1, and Rajasthan local had the highest protein content (Table 5).
IOM 451 had higher fat content among the cultivars tested. Starch content
of ICTP 8203, ICMS 7704 and ICMV 4 was lower as compared to other
cultivars. Ash and crude fiber contents did not show variation among the

11



Table 4. Roti quality of pear] millet cultivars

Roti quality score!

Ccuitivar
Color and  Texture Flavor Taste  Acoepta-  Mean
¥ appearance bility
H
w1 1.% 2.9 2.8 3.1 3.2 3.
T 4 2.9 2.4 2.7 . A9 2.7 2.7
IOMH 451 1.5 3.0 2.9 3.0 3.0 3.1
1M 501 L9 2.9 2.6 2.5 2.4 2.7
IS 7704 2.9 2.4 3.1 3.0 2.9 2.8
,CTP 8203 2.4 3.1 2.4 2.4 2.4 2.5
white seeded 3.3 2.9 2.7 2.7 2.7 2.9
EX Bourno 3.3 3.0 2.8 2.8 2.9 3.0
B 560 3.4 2.7 2.7 2.5 2.7 2.8
MBH 110 2.6 2.7 2.6 2.5 2.6 2.6
Rajasthan 2.9 2.8 2.8 2.9 2.9 2.8
Local
Mean 3.] 2.8 2.7 2.8 2.8 2.8
SE +0.11 +0.07 +0.05 +0.07 +0.07 +0.06

1500:0 : 1 = Poor; 4 = Excellent
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Table S. Chemical composition of pear) millet grains!

Percent

Cultivar Protein Starch Pat Ash  Sugars  Fiber
10V ) 10.0 7.8 6.9 2.0 2.0 1.4
o 4 11.3 69.5 7.2 1.9 2.1 1.4
IOMB 451 12.6 0.7 1.6 1.9 2.2 1.4
108 501 11.7 N4 68 2.1 2.2 1.3
ICMS 7704 11.4 69.4 7.4 1.9 2.1 1.6
ICTP 8203 12.0 67.8 6.9 2.0 2.2 1.9
white seeded 11.6 4.3 6.4 2.2 2.2 1.7
EX Bourno 1.4 .8 7.1 2.0 2.0 1.5
BK 560 S u.a 70.2 6.8 2.1 2.2 1.3
MBE 110 12.3 71,6 6.4 2.} 2.2 1.3
Rajasthan 13.4 0.6 7.1 2.0 2.1 1.6
local

Mean 11.8 70.8 7.0 2.0 2.1 1.5
SE +0.26 +0.51  +0.11 +0.03  +0.02  +0.04

1\Ialues are expressed on moisture free basis
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cultivars. Our data indicated that four ICRISAT cultivars contained

comparsble quantities of chamical constituenta as that of popular Indian
hybrid MBE 110 and local (Rajasthan) cultivar.

The amino acid composition of the 11 cultivars is shown in Table 6.
Protein quality in terms of amino acid composition including methionine ¢
cystine, of all ICRISAT cultivars was better as compared to Rajasthan
local variety except for threonine, phenylalanine and tyrosine. 1In
addition to better protein quality, all cultivars also had more than 100

protein.

Prolamin ootent and its possible relation to debulling quality

Dehulling wes done using traditional method (™), barley pearler (BP)
and Tungential Abrasive Dehulling Device (TADD) with pear] millet grain of
Pakiayabad (soft grain), SAD 448 (hard grain) and WC C75 (control)
cultivars. The nitrogen distribution was determined in five solubility
fractions, albumin-globulin (fraction 1), prolamin (fraction 11), cross-
linked prolamin (fraction III), glutelin (fraction IV), and glutelin-like
(fraction V), to study the variation in different proteins among the three
cultivars obtained form whole and dehulled grain. Dehulled grain
recovery of Fakiayabad was low while SAD 448 and WC C75 was higher by each
of the three methods employed (Table 7). Albumin-globulin (fraction I) was
higher in Pakiayabad as campsred to the other two cultivars, Prolamin
content (fraction II) was appreciably higher in SAD 448 (hard grain) and
WC C75 as compared to Pakisyabad (soft grain) in the whole grain and in the
dehulled grain. The reduction of prolamin in Fakiayabad was more
pronounced in grains obtained by the traditional method than in mechanical
dehulling method. The reduction was lower in SAD 448 and WC C75 as

14



mble 6. Mo acid ocmposition g (100 ¢)°) prodein] of pestl aillet graine

KOS 108D 1 0 T G0 e T M 0 el
| 10 Jocal
Lysine Y I N SR T B 16 VO 8 S ¥ W R N I W W R X
Ristidine .57 200 28 241 L 247 1% AW L 236 a8
Arginne LB 505 098 L0740 .00 LB 4 4H 46 L
Mpartic Aefd 092 B9 B68 BS) B B46 BB .00 B4 900 0
Tremine 3 LT 4 L8 LB N6 LT ABL 40 406 390
Serine G 500 LE2 48 LS s s e LN L
Qutamic Acid 10.61 1085 1870 1069 1830 1858 1006 1859 1060 1839 1808
Proline .60 598 655 623 591 5.0 S0 ST 628 586 5.6
Qycine 1 LT 10 S N6 .60 38 L4 372 L6 3.8
Almnine 736 06 .96 & 138 10 LB NN A M
MlfCystine 150 LS L0 LN L6 L& LSS LR L6 L& LD
Wiline GO 500 B3 456 S S AT wm 4 L) 4
Methiomine 230 243 283 246 235 21 w246 21 23 a.0)
molecine 395 402 &S AN LN 19 401 08 39 Wb A
Leucine .41 920 9.6 R4 9.7 9.20 892 8.93 850 8.6 8.6
wrostne L6 70 400 360 380 38T 3 LS L6 3 182
Paylalmnine 4.0 525 5S4 500 496 499 4TS 4B 4B 4w 4
Nean .57 551 5.5 %59 552 S.4b 5.4 S S48 556 8.
@ AT 0970 0.960 .96 0.9 0.2 0.9 097 0.9 £0.962 .98
protetn () 20.0 113 126 1L 14 120 16 14 1 123 14
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Table 7. Distribution of protein fractions in whole and dehulled grain of
pear] millet cultivars, ICRISAT Center 1966.

Detulled Protein filctmn

grain [g (100 ¢)* protein))
Cultivar/Details  recovery Protein

(%) \) 1 I1 Imr v v

Pakisysbed (soft grain)

Method of  Wo? 100.0 .

Dehulling DG 68.8 120 14.2 2.6
76.5
7.1

oot P O
-
Loandih ~ K - < BRS ]
[ g
s
.
-3

S0 448 (hard grain)

Method of wc§ 100.0 13.6  23.] 46.6 1.8 5.5 11.4

Dehulling ™ 7.7 3.3 13.6 3.5 2.1 2.7 11.8
gpt 89.5 12.6  17.0 44.4 3.0 2.9 13.)
rpm5 88.3 12.7  18.B 44.6 1.4 5.3 1.1

% C75 (cantrol)

Method of vn§ 100.0 4.6 251 45.9 1.8 5.6 15.5

Dehulling ™ 75.3 14.0  13.4 6.6 1.7 30 129
gp! 86.8 13.7  15.0 43.1 2.3 3.0 13.2
™D 86.2 13.0 17.8 43.9 1.6 5.6 12.4

Mean 85.0 12,9 18.6 39.7 3.2 4.2 12.6
SE +3.24 +0.32  +1.44 11.69 10.18 +0.42 +0.37

lpraction 1 : albumin+globulin and free nitrogen; 11 : Prolamin;
111 : cross-linked prolamin; IV : gluelin; V. glutelin-like

%G : whole grain

31w ; dehulled by traditional method

42p : detulled by Barley pearler method

SPADD : deulled using Tangential Abrasive Dehulling Device
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compared to Fakiayabad by the mechanical methods. NMinor differences were
observed for cross-linked prolaming (fraction 11I) smong the cultivers.
Glutelin (fraction IV) decreased due to detulling in all the cultivars, and
vas more pronounced in traditional and barley pearler methods of
detulling. This study suggests that prolamin mey play an important role in
grain hardness and their ability to withstand the dehulling process.
However, studies with more cultivars varying in their dehulling quality are
required to confirm these cbservations.

This project was terminated in December 1987

Samary and Conclusions

A few lines that yield consistently high protein (>14%) have been
identified. These lines can be used as a source for high protein, in
developing hybrids, and composites, with improved grain yield. Purther,
high-yielding superior genotypes can also be converted to high-protein
background.

Flour particle size distribution of pear]l millet influenced the

quality of African foods like coug cous., fura. and hourou. In vitre
protein digestibility of acidic t§ Mali) was comparatively higher than

neutral £o (Niger).

We confirmed that roti quality of flours was influenced by physical
factors like flour swelling capacity and water-soluble flour fraction. Roti
quality of IO 1, and IOH 45] was rated higher then other cultivars.
ICRISAT developed cultivars contained comparable quantities of chamical
constituents as that of local cultivar. Grain hardness was related to
prolamin content, which influenced recovery due to dehulling.
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