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THE CHEMICAL COMPOSITION AND NUTRITIVE VALUE OF BAJRA 
(Pennisetum typhoideum) AND BAJRA DIETS 

P. P. K URJ I' " M. SWAi\IINATHA:-< AND . V. S UBRAHMANYAN 

(Central Food T echnological Research In stitute, M ysore) 

Bajra (Pearl millet-Pennisetum typhoideum) 
is an im por ta n t food grain co nsume d widely by 
p l.:'( pit ill :.C -era l countr ies of Asi a and • frica . 
It '. a st: I food fo r alar r number 0 op le 
in several states i 1 ndia , Ba]ra, considered to 
be a nourishing foo d by th e consumers, is 
dchuskcd and cooked in tb , ,, e way as ri 
A gr eat maj orit y, however, powder th e grnill into 
[lou r and consume in the form uf u nlcav 'ned 
l-r d (rolli) . 

The ar ea und -r cultivation in In ia i 1957-5 ' 
was 27 million acres and th total I rodu tion 
w about ~ , :; millio n ns' . ' IH; acre ge :111 

r x lu .rion of bajr 1 in d ifferen t I it . an: ivcn ill 
Table 1. Bajra is g-e nem lly UTim r . s a dry (rain-
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fed) crop, though in certain areas it is also cultivat 
ed as an irrigated crop. The cr op has the ad van 
tage of being su ited to regions of low rainfall and 
Can be g row n in tracts having an a nnual rainfall 
of 17-20 inches . Bajra under rain -fed cond it ions 
yields abou t 500-800 lb. while under irr iga ted 
conditio ns, yields of 1000-2000 lb. per acre 
can be obtained". 

C e leal eo p ilion bajra 

The ch emica l composi ion of different varieties 
of bajra has been dctcrrni n d by Rama Rao et al.' 
and Ranganathan et aI.1 • T he results (Table II) 
snow an appreciable difference in th e ch emical 
composi tion of the different varieti es. It is seen 
from th e T ab les that bajra is a fair source of 
pro tein and c r lin - vitarn ins. 

Proteins : The to ta l protei co n tent of th e six 
va riet ies analysed by Rurna Rao et al? var ied 
from 12.5 to 14....per cent. .\ceording to S\\' im i
nat han", 6.S p r cent 01 the tot al n itrog, 11 in 

lj ra was no n-p rotei n ni ro en. Inforruanon 
on he hysico-chcm ical pm c 'tics of bajra 

1'0 em s IS nut availab le in Ii era tu rc. 

Amino acid composition: The amino acid com
positio n of bajra pro teins has been studied by 
v rious workersv? using chemical and microbio
logi ca l a ' ay m ethods . ThGesse nt ial amino acid 
m al« up f the rot ·ins of a w varieties of 
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TABLE III. Essential amino acid composition of different 
stra ins of bajra 

(Values expressed for 16.0 g nitrogen) 

ICOl ICO. ICO, 

Arginine 7.9 8.4 6.8 
Histidine 1.6 1.9 3.4 

5.9 5.9 Isoleucine 4.0 
9.2Leucine 9.3 9.7 

Methionine 1.9 1.7 2.4 
3.9Lysine 3.7 3.7 

Phenylalanine 4.5 4.1 3.1 
Threonine 3.5 4.1 2.8 
Tryptophan 1.9 1.9 1.1 
Valine 1i.2 .4 4.7 

bajra proteins are good sources of all the essential 
amino acids except lysine". 

Carbohydrates: Bajra coutaius 67 to 72 per cent 
carbohydrates of which starch is the maiu 
constituent. Kurien et aP~ have reported that 
bajra contains 60.7 per cent of starch and 1.2 per 
cent of reducing sugars, the roughage content 
(cellulose and hemicelluloses) being 9 per cent of 
the whole grain. No information is available re
garding the nature of hemicelluloses present iu 
bajra. 

Minerals: Rama Rao et al. 3 reported that the 
mineral content of bajra ranged from lJi to 2.2 
per cent. The calcium content of hajra is low 
ranging from 29-50 mg. per cent and comparable 
to that of jowar and wh eat. The phosphorus 
conteut 'of the grain is comparable to those of 
other cereals and ranges from 270 to 380 mg. per 
100 g. Sundararajari'! and Giri" reported that 50 
to 75 per cent of the phosphorus in the grain was 

present as phytin phosphorus. The iron content 
of bajra varied from 8.5 to 10.5 mg. per 100 g. 

Vitamins: The thiamine content of different 
varieties of bajra, according to Rarna Rao et al. S 

varied from 309 to 445 !Jog/lOa g. Chitre et alY 
studied the thiamine, riboflavin and nicotinic acid 
contents of two varieties of bajra and reported that 
they contained about 390 I-'g of thiamine, 188 !J.g 
of riboflavin and 4.43 mg. of nicotinic acid per 
100 g. of the grain. 

Distribution of protein, calcium and phosphorus 
between the husk and endosperm of bajra 

Kurien et alY studied the distribution of pro
tein, calcium and phosphorus between the husk 
and eudosperm of bajra. The whole grain was 
soaked in water for 24 hours and grouud to a fine 
paste in the mortar. The husk was separated 
from the endosperm by sieving through a 100 
mesh sieve , The endosperm was separated on 
the centrifuge aud dried in an air oven at 50-60°C. 
The husk accounted for 11.8 per cent of the whol e 
grain. The protein, calcium and phosphorus 
contents of the husk, endosperm and the dried 
solids from the superuatant liquid are given in 
Table IV . The results show that the husk COll

tains 11.5, 36.1 and 14.6 per cent of th e total 
proteiu, calcium and phosphorus respectively 
of the whole grain. 

Digestibility and biological value of the proteins 
of ajra 

Digestibility and biological value of the pro
teins of hajra have been studied by various wor

18•kers 16 - Swaminathan" reported values of 83 

TABLE IV. Protein, calciu m. and phosphorus contents of the husk and endosperm of bajra 
(All values ar ivcn on mo istu re free basis) 

Component 
Component 'as % of 

whole grain 

Whole grain 
Husk 11.8 
Endosperm ... 83.6 
Dried solids from the supernatant liquid '" 3.8 

Protein (N X 6.25) 

as % of 
p ro tei n in 
the whole 

grain 

12.87 j
12.45 11.5 
2.4 3 15.8 

72.024.4 I I 534 
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1 ~hosPho rus 
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17 

as % of I 
mg

calcium in I %wh ole grain 

358 
36.1 442I
25.4 240 

1 
56.1 

36.9 3404 2'0 
1I 

as % of 
phosphorus 

in whole 
grain 

14.6 
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per cent and 89 per cent for the biological value 
and the digestibility co-efficient respectively of 
the proteins of bajra when fed to rats at 5 per 
cent level of protein intake. The protein offici
ency ratio of bajra proteins at 5 per cent level 
was 1.2 and higher than that of ragi or jowar 
proteins", Rama Rao et al.17 and Phansalkar et al.18 

found that the protein efficiency ratios of bajra 
proteins at 10 per cent level of protein intake were 
1.4 and 1.8 respectively. The proteins of pulses 
like red gram, black gram, green gram and Bengal 
gram supplemented those of bajra to a significant 
extent". Rama Rao et aU7 also found that the 
proteins of groundnut and Bengal gram possessed 
a significant supplementary value to those of 
bajra. 

Availability of calcrurn and phosphorus frorn bajra 

The calcium content of bajra is of the same 
order as th at f jowar but much less than that of 
ragi. Sundararajan!' and Gil'jl2 reported that 
50-75 per cent of phosphorus in bajra was present 
as phytate phosphorus which is not readily 
available for nutrition. G iri" fonnd that about 
YO per cent of the ingested calcium and 74 per 
cent of the ingested phosphorus were retained 
by rats, while retentions of 49.5 per cent and 
54.1 per cent respectively were reported by 
Ranganatharr". Giri19 also found that the avail
ability of calcium and phosphorus to rats from 
bajra was comparable to that of other millets 
like ragi and jowa}" when fed at the same levels 
of calcium and phosphorns. 

Nutritive value of poor bajra diets 

The nutritive value of poor vegetarian diets 
based on bajra has been studied by Rama Rao 
et aPl by the rat growth method. The resnlts 
showed that the growth promoting value of a diet 
based on bajra was comparable to that of a similar 
diet based on wheat, the average weekly increase 
in body weight of rats being 12.7 g. on the poor 
bajra diet and 9.4 g. on the poor wheat diet. 
Kurien et aF2 studied the effect of partial or 
complcte replacement of rice in a poor Indian 
diet by bajra on the growth and composition of 
the body, blood and livers of rats. The results 
Crable V) showed that replacement of rice by 
bajra either partially or completely led to a slight 

TABLB V. Effect of partial or complete replacement of 
rice by bajra in POOT uegetarian diets on the grototh. and 

haemoglobin content of rats 

(Duration of experirnent-8 weeks) 

I >. 
:Q>. :::: 
~"O 3

0"':Percentage of rice and bajra ~.E~ 
0.> ~ ""E'oEin the diet ~:::: ... °0d'-"&:: Eo 
~.S ·~ "'~Xl:t< ~~ 

Rice 78.5 5.9 14.79 

Rice 58.9 ~ 7.5 15.37Bajra 19.6 

Rice 39.2 f 7.2 14.83 

Bajra 

Bajra 39.3 

78.5 7.3 15.23 

improvement in the overall nutritive value of the 
diet as judged by the growth of rats. There was, 
however, no significant difference in the haemo
globin, red blood cell count and the total serum 
proteins of the blood or in the protein, fat and 
moisture contents of the carcass and livers of the 
different groups of rats. 

Hurnan metabolism studies 

Kuricn et at. 23 studied the metabolism of 
nitrogen, calcium and phosphorus in children fed 
on a poor diet based on bajra . All the subjects 
were in positive nitrogen, calcium and phosphorus 
balances. The apparent digestibility of the 
proteins was 52.9 per cent. The same workers 
reported that the partial or complete replacement 
of rice by bajra in a poor Indian diet caused a 
decrease in the retention of nitrogen and calcium 
and an increase in the retention of phosphorus in 
children'", The results are given in Table VI. 

Use of bajra for the production of malt 

Bajra can be nsed for the preparation of malt. 
The optimum conditions for the preparation of 
bajra malt have been studied by Chandrasekhara 
et al.25 

• The method recomrnendcd by the authors 
consisted in steeping the grain in rnnning water 
for 24 hours and in couching the grain for 
germination for 72 hours at room temperature 
(23"-27°C). The germinated grain was dried 
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TABLE VI· l11eOll daily iI/take atld balance of 7lltrogw, caldum arId phosphorus in £'lll'ldren 0" ric e-bajra diel.' 

:"ilrogl:1I Phosphorus ___C":_,a_I_Cium _ 1 
Quantity of rice and b j ra in the 

diet 
(g) Intake I AP"Ht'll I I n r l«, Balance I IntakeBalance i i , ih il i

.) ( II! e 5 I I 11'}'(g) ( (ll1 lo:) I",~ '1

Rice 36(} ... 1 6.9 ' 2.02 7S.3 

Rice 27t 7.1(, l.S7 7~ ..~ Bajra I)U \ 

Rice 1~0 l 7) ,3 1.49 64.3Bajra ISOJ 
Bajra 360 :\,67 1.11 32.9 
Standard error of the mean ·-1- 0.09 

~ 1."0 

In the sun or in ;l current of hot air at - , -5 - ~C 

and the vegetative portion W ;C' ' II ovcd J)' rubb 1. 

ing. The resulting malted gT;,in was powder ·d. 
Bajra malt can be used in t H~ preparation ' I. 

balanced malt foods by blending with s pceis llv 
prepared low fat groundnut flour, puffed Ben val 
gram flour and skim milk powder and fo r tifv ing 
with essential minerals and vitami n . 

Enzymes of bajr a ba ir n a1l 

Chandrasekhara and Swamina rltan"'> stu d ied t c 
amylases of bajra and bajra malt. B{/j ra in he 
ungerminated condition contained nc -ii ioie 
amylase activity. Germinatio n if the gr: in I i 'l, 

to a marked increase i til ' -a myl ictivity 
but only a slight increas e in the ~ -aIl1 . lase at:li, ity. 10. 
The d iastase activity of bajra nialt wr • howe -er, 

11. 
less than that of ragi malt. 

12. 
I.\.Co :lusions 

It is evident from the above recount that hajr , 14. 

like jotoar (S'orgillun ''liltlgare) alld rngi (Eleusine 15. 
l( .coracana) has a high nutritive valu e as a food :raill, 
17. 

comparing well in this res ect with wh ole wh ea t. 
Studies conducted on children have shown th 1l 

1:~ , 

25 per cent of rice in a poor vegetarian di et, can b 
j I) . replaced by bajra without affecting til ,' et n ion 
2

of nitrogen, calciu m and h spho rus . Bajra , 2 1. 

like other millets, has t h ~ ad 'a 1 1ge tha t it n be 
22 . 

cultivated in resrio ns of low rain fall and its :ield 
2.1 ,can be easily increased. by adopt ing irri ati 

The increased production and co nsurnp IOn of 24-. 
bajra and othe I' m ill ' Is will no doubt help ove r J 
come the short, c of ce reals in the country. 
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