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ABSTRACT

Nutritive value of the protein of millets (Bajra and Ragi), sor-
ghum, and maize was studied by amino acid analyses, and by growth of
rats and calculations of PER using diets containing the grains, un—
supplemented or supplemented with lysine, tryptophan, or four protein
concentrates. Ragi protein was highest in essential amino acidg (EAR)
except leucine, and compared to the FAO reference pattern, no amino
acid in Ragi was limiting except lysine was marginal. Bajra protein
was deficient in lysine; sorghum and maize were deficient in three
or more amino acids. On several protein-qrality scores, Ragi ranked
first and Bajra second; both ranked considerably higher than sorghum
or maize. 'Among ursupplemented diets, Bajra caused greatest weight
gain in rais and had the highest PER. Supplemen?ing Bajra and Ragi
diets with lysine increased both gains and FER. Lysine improved sore
ghum and tryptophan improved maize diets; together lysine and trypto-
phan markedly improved both diets. Fish protein concentrate was the
most effective supplement with sorghum and Ragi, dried milk with maize,
and isolated soybean protein with Bajrae

INTRODUCTION

Although millets grow and yield well under a variety of conditions
and are a principal feod of millions of poor people in Asia and Africa,
less is known about the nutritive value of millet proteins and effect
of supplementing them than about other common cereal proteins, Millets,
sorghum and maize are deficient in lysing, and results of supplement-
ing those grains with some amino acids and proteing have been re-
ported (1-4).

lContribution no. 134, Department of Biochemistry and no. 716, Depart=
ment of CGrain Science and Industry, Kansas Agricultural Experiment
Station, Manhattan, Presented in part at Western Hemisphere Nutri-—
iion Congress III, Miami, Fla., Aug. 30-Sept. 2, 1971,

2present adaress: College of Home Science, Hyderabad, India.
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HWe determined the EAA contents of Ragi or finger millet (Eleu=
sine coracana), Bajra or pearl millet (Pennisetum typhoideum), sor—
ghum (Sorghum vulgare), and mzize (Zea Mays) ard scored them for
nutritional quality, We measured growth of rats and calculated FER
values using diets containing the four grains unsupplemented or sup-
lemented with lysine and/or tryptophan, or with nonfat dried milk
(DK), fish protein concentrate (FPC), isolated soybean protein (a=P),
and dried brewer's yeast (BY),

METHODS

Amino acid contents were determined using the Beckman analyzer,
after hydrolyzing the samples with acid and oxidizing sulfur amino
acids (5). Tryplophan was determined by the method of Lombard and
Delange (6). Methods for calculating protein quality scores are
cited in the tables. The growth data were analyzed statistically (7),
and significant differences among groups may be found by using LDS
values shown in the tables. Calculations of quantities of amino acids
supplied by supplements were based on analytical data, but those data
are not shown,

Experiment 1, Female albino rats, 24 days old, four per grgup,
were housed individually in wire-bottom cages in a room at 26-25,

Table I. Basal Diets for Experiment 1

1
Ingredients Diet composition (%)

Ragi Bajra Sorghum Maize Casein

Grain (or casein) 9645 96,5 96,5 96.5 52 102
Dicalcium phosphate 1.85 2.18 2.0 1.85 234 2,34
Calcium carbonate 17 29

Potassium sulfate 4 o4
Magnesium carbonate «15 <15
Protein content of adiet 5.4 1.0 9.9 9.4 5 10

lAdded to all diets: vegetable oil, 1%; sodium chloride, 0.3%; ana
trace mineral mix, 0,025% (containea in %, Mn, 10; Fe, 10; Ca, 14;

Cuy 12 2n, 5; I, Uel; Co, 1), Vitamins were added at N.R.C. require~
ments for growth (8), plus 20 IU vitamin D per 100g. Corn starch was
the carrier for vitamins and was addea in amall quantities to equal=-
ize weights of diets-:

Zpercent protein in diet from casein; starch was added as the energy
source to make a diet to 100#,
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Feed (all ingrediens finely ground) and water were provided ad libi-
tums Feed consumption and weight gains were recorded weekly. The
basal diets are shown in Table I. The calcium, phosphorus, potassium,
and magresium additions were to adjust diets to requirements for those
nutrients. I~lysine was added so that the supplemented diets containad
0.75% lysine, including that in the grain, as found by analysis.
L~tryptophan added was 0.1%; the adiets then contained the published
tryptophan requirement (8) or more (0.16-0.28%).

Experiment 2., The general plan was as in experiment 1, except
that dietls were compounded to contain “he largest possible uniform
quantity of grain (8&%), the additional amino acids were supplied by
3% pretein from four supplemints, and the only minerals added were
trace minerals. Otherwise experiment 2 was so similar to experiment 1
that diet compositions are not shown.

RESULTS AND DISCUSSION

The essential amino acid contentc of the giain proteins, egg, and
FAO patterns are shown in Table II. Based on the FAQ reference pat=-
tern, Ragi scored as high as egg except for lysine which was marginal,
Sulfur amino acids and threonine were adequate, contrary to earlier
reports (1), Bajra was deficient in lysine; sorghum and maize were
deficient in three or more amino acids.

Table II. Essential Amino Acids (g/16gN) in Grair and Reference

Proteins
Ad justed3

Amino Millet FAO?2 FAO
acid Ragi Bajra Sorghum Maize 2gg! pattern pattern
Arg 5.8 4.7 4.2 4.3 6.6
His 2.9 2.2 2,2 2.7 2.4
Ile 4.7 4.1 41 3-2 6.6 4,2
Leu 10.5 9.5 13.9 12.2 8.8 4.8
Lys 4.0 3.0 2.5 2.9 6.4 4.2
S=aa 6.1 4.7 3-6 441 5.5 442 3.4
Fhe-’I‘yr 10.4 8.0 9.8 8.7 10.1 5.6
Thr 4-9 307 305 3.8 5.0 2.8 3.3
Trp 1.8 1.7 1.0 006 1.7 1.4 1.1
Val 5.9 5.2 5.0 3o4 7.4 4.2 2.8

!5ee reference 9
25ee reference 10.
3See reference 11,
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Protein quality scores calculated by various mathods are shown in
Table III. The limiting amino acids in grain and 2gg proteins
{Table IV) were found by comparisons to the FAO pattern and to require=-
ments for human infants ang growing rats. In general Ragi protein
scored best, followed by Bajra, with sorghum and maize much lower.

Table III. Protein Quality Evaluations Calculateda by Various Methods

B/} First Chem, score Protein  EAA _ B.V,
Grain ratio limiting Egg FAO score" index” from
aa ref,? pattern EAA
refa index®
Ragi 3.0 Lys 63 95 68 89 85
Bajra 2.5 Lys 47 T 61 7 72
Sorghum 3.3 Lys 38 581’ 38 69 64
Maize 2,5 Trp & 39 55 52 66 61
Lys

'E/T ratio = EAA/g total nitrogen.

;Amino acid composition from Orr and Watt (12),

°See reference 10. Chem. Bcore of maize 68 on adjusted FAO pattern (11).
See reference 11,

See reference 13,

SBuVe = 1.09 (EAA) = 11.73

Table IV. Mg Specific Amino Acid/g Total Essential Amino Acids

Amino

acia Ragi Bajra Sorghum Maize Egg!
Ile 100" 103"# 78"+ go"+* 129"
Leu 219 238 257 306 172*
Lys gg*+* 76™+# 46"+ 72*+# 125+
Phe-Try 210 200 187 219 195
S-aa 127 ST M 6"+ 103"# 107"%
Thr 103 92* 66"+ g5* 99
Trp VAT 19"+ A Ve
Val 122" 131 N ge* 141

ilmino acia composition from Orr and Watt (12).
Limiting comparea with FAO ref. pattern (10).

#Limiting compared with requirements for human infant (14).
Limiting compared with requirements for growing rat (14).
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Results of supplementing diets with lysine and tryptophan are
&lven in Table V. Studies in our laboratory (unpublished) have shown
that 0.75% lysine, as used in this study, was adequate for growth in
diets containing 10-12% protein. Rats grew better when fed unsupple=
mented Bajra than when fed unsupplemented sorghum or maize, probably
reflecting higher lysine, tryptophan, and sulfur amino acid contents,
and perhaps the better leucine balance and slightly higher protein
content, However, Bajra was somewhat deficient in lysine; when lysine
was added the rats grew better than those fed casein. Since Bajra
was adequate in tryptophan, adding that amino acid to the diet had no
effect on rat growth. Rats grew poorly when fed Ragi diets, because
of low total protein, despite good protein quality. Adding lysine,
which was marginal in Ragi, improved performance of Ragi diets some=
what. Adding nonspecific nitrogen to Ragi aiets (data not shown) ime
proved rat growth provided supplemental lysine also was present, which
reflected the good distribution of other EAA. Lysine was deficient in
sorghum and addition of lysine increased rat growth markedliy, but
tryptophan addition was effective only when lysine, the more limiting
amino acid, also was added., Both tryptophan and lysine were requirea
to improve maize diets markedly. The PERs of maize diets supplementea
with lysine or tryptophan are higher than might be expected from growth
data., Apparently supplementation improvea protein utilization,. even
though the second limiting (or co-limiting) amino acid did not allow
a corresponding effect on growth, Other PER data generally reflecteq
growth data, except for Ragi and low casein diets, in which the smaller
protein intakes were used more efficiently (16). The PER values of
unsupplemented diets are higher than many of those reported previouse-
1y (1,2,4), which might havé resulted from strain of rat used, better
vitamin or mineral baiance of diat, or other experimental conditions.

Table V. Average S-week Wt. Cain of Weanling Rats and FER. Expt. 1

Supplement

Lys= Lys=

Diet None Lys Trp . Trp None Lys Trp Trp
e e .. fem---- oo == w oo m PER e -e--

Ragi 34 76 36 63 1,74 3.00 1,87 2,70
Bajra 8 139 82 135 1.84 2.41 1.83 2e34
Sorghum 51 109 49 123 1436 2,11 1.32 2.48
Maize 53 49 62 118 1,46  1.65 1,82 2.62
Casein (5%) 45 2,68
Casein (10%) 108 . 2.54

Least significant difference (7), 5%: gain = 8,3; FER = 0.13
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Table VI presents results when diets were supplemented with 3%
protein. That uniform supplementation made all diets except Ragi cone
tain approximately 124 protein, believed to be a minimum practical test
level for evaluating diets for general use in human nutrition, All
supplements caused greatest relativc improvement in Ragi diets because
of the proportion of additional protein supplied. Weight gains of rats
fed Ragl diets were in order of increasing total lysine content, re-
gardless of supplement source. All supplemented Bajra diets outper~
formed the corresponding casein control diet, but no supplement was
uniformly the best with all grains. FPC was most effective with Ragi
and sorghum, probably because of relatively high lysine content., FPC
was ineffective with maize because maize was deficient in tryptophan,
in which FPC is relatively low. That reasoning was confirmed by give
ing additional tryptophan to half the rats fed the FPC=supplemented
maize diet at the end of the regular 4-week test. The best supplement
to maize was DM, probably because it supplied relatively large quan~
tities of lysine and tryptophan. DM produced poorest gains in rats fed
the sorghum diet, apparently because of sulfur amino acid deficiencies
in both foodstuffs, Supplementation with BY was less effective than
expecied from analytical data. That may have resulted from poor die
gestibility of yeast (15)s The poor results in maize and scrghum diets
supplemented with a~P could have resulted from imbalancas precipitated
by the lower quantities of methionine, valine and lysine in a~P., Even
though overall growths were restricted, the better PERs of Ragi and
8% casein diets apparently reflected the reasonably good EAA distribu-
tion and/or more efficient use of total protein (16),

Table VI. Average 4-week Wt. Cain of Weanling Rats and FER. Expte. 2

Supplement1

Diet DM a-P FFC BY DM a~P FPC BY
- e m - --—-- = o o m e PER = o o o we
Ragi 8 713 108 17 3.05 2443 335 2479
Bajra 105 115 97 90 2,22 2427 2.0 1.97
Sorghum 83 75 113 72 1.89 163 2.24 1459
Maize 98 17 61 80 2,36 1.79 1457 24,01
Casein 58%) 47 2.49
Casein (12.5%) 83 2.18

Do supply 3% protein. Total protein contents of diets, in %: Bajra,
12,6; sorghum, 11.8; maize, 11.4; Ragi, 748 No protein supplement
added to casein diets,

Least significant difference (7), 5%: gain = 5,3; PER = 0.13.
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Chemical ana protein scores (Table ITI) based on egg protein as
reference correlated better with PER values than did scores based on
the FAQ reference pattern. Variations in different protein quality
scores of sorghum and maize and lack of consistent correlation with
nutritive performance also have been noted by others cited in the re-=
views, Requirements of amino acids and protein for growth ana methods
to pre%ict how well foodstuffs meet those requirements need further
Studyc

The data show that selection of the best protein supplement for a
given grain requires consideration of the amino acia composition of
both supplement and grain. The quality of supplemental protein in Ragi
diets may be less critical than in maize, sorghum, or several other
cereal diets because of the better amino acid distribution in Ragi.
Even small additions of lysine in Ragi diets should allow more effi-
cient use of otherwise unutilizea portions of other EAA. Since Ragi
and Bajra also contain mnre sulfur amino acids +han maize or sorghum,
they might be used more extensively in designing tietu., If a Ragi
protein isolate could be prepared efficiently and >conomically, it
would be a high quality protein supplement.
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