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ABSTRACT
 

Nutritive value of the protein of millets (Baira 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 acids (EAA)

exoept 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-qtality scores, Ragi ranked
 
first and Bajra second; both ranked considerably higher than sorghum
 
or maize. Among unsupplemented diets, Bajra caused greatest weight

gain in ra'ts and had the highest PER. Supplementing Bajra and Ragi

diets with lysine increased both gains and PER. 
Lysine improved sor­
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 Bajra.
 

INTRODUCTION
 

Although millets grow and yield well under a vbriety of conditions
 
and are a principal fond 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 lysino, and results of supplement­
ing those grains with so.me 
amino acids and protcinp have been re­
ported (1-4).
 

1Contribution no. 134, Department of Biochemistry and no. 776, Depart­
ment of Grain Science and Industry, Kansas Agricultural Experiment

Station, Manhattan. 
Presented in part at Western Hemisphere Nutri­
tion Congress III, Miami, Fla., Aug. 30-Sept. 2, 1971.
 

2Preeent address: 
 College of Home Science, Hyderabad, India.
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We determined the EAA contents of Ragi or finger millet (Eleu­
sine coracana), Bajra or pearl millet (Pennisbtum typhoideum), sor­
ghum (Sorghum vulgare), and maize (Zea Mays) ar.d scored them for 
nutritional quality. We measured growth of rats and calculated PER 
values using diets containing the four grains unsupplemented or sup­
lemented with lysine and/or tryptophan, or with nonfat dried milk 
(DK), fish protein concejtrate (FPC), isolated soybean protein (s-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). Tryptophan 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 group,
 
were housed individually in wire-bottom cages in a room at 26-261.
 

Table I. Basal Diets for Experiment 1
 

Ingredients Diet composition (%) 

Ragi Bajra Sorghum Maize Casein 

Grain (or casein) 96.5 96.5 96.5 96.5 52 10 2 

Dicalcium phosphate 1.85 2.18 2.0 1.85 2.34 2.34 
Calcium carbonate .17 .29 
Potassium sulfate .4 .4 
Magnesium carbonate .15 .15 

Protein content of diet 5.4 11.0 9.9 9.4 5 10 

IAdded to all diets: vegetable oil, 1%; sodium chloride, 0.3%; 
and 
trace mineral mix, 0.025% (contained in %, Mn, 10; Fe, 10; Ca, 14; 
Cu, 1: Zn, 5; I, 0.3; 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 added in imall quantities to equal­
ize weights of diets 

2Percent protein in diet from casein; starch was a~dd as the energy 
source to make a diet to 100.
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Feed (all ingredients finely ground) and water were provided ad libi­
tum. Feed consumption and weight gains were recorded weekly. The
 
basal diets are shown in Table I. The calcium, phosplhorus, potassium,
 
and magnesium additions were to ardjust diets to requirements for those
 
nutrients. L-lysine was added so that the supplemented diets contained
 
0.75%f lysine, including that in the grain, as found by analysis.
 
L-tryptophan added was 0.1%; the diets then contained ihe published
 
tryptophan 	requirement (8) or more (0.16-0.28EV).
 

Experiment 2. The general plan was as in experiment 1, except

that diets 	were compounded to contain the largest possible uniform
 
quantity of grain (8V,.), the additional amino acids were supplied by
 
3% protein 	from four supplemunts, and the only minerals added were
 
trace minerals. Otherwise experiment 2 was so similar to experiment 1
 
that diet compositions are not shown.
 

RESULTS AIM DISCUSSION
 

The essential amino acid contents of the g:Lain proteins, egg, and
 
FAO patterns are shown in Table II. Based on te FAO 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/l6gN) in Grain and Reference
 
Proteins
 

AdJusted 3
 
Amino Millet 	 FA0 2 
 FAO
 
acid Ragi Bajra Sorghum Maize Egg 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 4.1 3.2 6.6 4.2 
Leu 10.5 9.5 13.5 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 4.1 5.5 4.2 3.4
 
Phe-Tyr 10.4 8.0 9.8 8.7 10.1 5.6 
Thr 4.9 3.7 3.5 3.8 5.0 2.8 3.3
 
Trp 1.8 1.7 1.0 o.6 1.7 1.4 1.1
 
Val 5.9 5.2 5.0 3.4 7.4 4.2 2.8
 

ISee reference 9.
2See reference 10.

3See reference 11.
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Protein quality scores calculated by various m3thods are shown in

Table III. The limiting amino acids in grain and agg proteins

(Table IV)were found by comparisons to the FAO pattern and to require­
ments for human infants and growing rats. In general Ragi protein

scored best, followed by Bajra, with sorghum and maize much lower.
 

Table III. Protein Quality Evaluations Calculated by Various Methods
 

E/T1 
 First Chem. score 
 Protein EAA B.V.
Grain ratio limiting Egg FAO score index 5 from
 
aa ref.2 pattern EAA
 

6
ref.3 index
 

Ragi 3.0 Lys 63 95 68 89 85
Balra 2.5 Lye 47 71 61 77 72Sorghum 3.3 Lye 38 58 
 38 69 64
Maize 2.5 Trp & 
 39 554 52 66 61
 

Lye
 

'E/T ratio - EAU/g total nitrogen.

Amino acid composition from Orr and Watt (12).
3See reference 10. Chem. score4 of maize 68 on adjusted FAO pattern (11).See reference 11.
5
See reference 13.
6
B.V. - 1.09 (EAA) - 11.73 

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

Amino
 
acid Ragi Bajra Sorghum Maize Egg
 

Ile 100# 103*# 78*+# 
80 * + # 129" 

Leu 219 238 257 306 
 172 +
 

Lye 84*+# 76* +#  46*+# 
72*+# 125*+ 

Phe-Tty 210 200 187 219 195
 
S-aa 127 117* 66* +* 103* # 107"#
 

Thr 103 92# 66*+# 95# 99 
Trp 37 43 19*+# 16* +#  31 * # 

Val 122* 131 95*# .85 # 141 

1Amino acid composition from Orr and Watt (12).
 
+Limiting compared 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
 
given 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
merited 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 poo'ly 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 diets (data not shown) im­
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 markedly, but
 
tryptophan addition was effective only when lysine, the more limiting

amino acid, also was added. Both tryptophan and lysine were required
 
to improve maize diets markedly. The FERs of maize diets supplemented

with lysine or tryptophan are higher than might be expected from growth
 
data. Apparently supplementation improved protein utilization, even
 
though the second limiting (or co-limiting) amino acid did not allow
 
a corresponling effect on growth. 
Other PER data generally reflected
 
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 previous­
ly (1,2,4), which might have resulted from strain of rat used, better
 
vitamin or mineral balance of diet, or other experimental conditions.
 

Table V. Average 5-week Wt. Gain of Weanling Rats and PER. Expt. 1 

Supplement
 

LYS- LYS-

Diet None Lye Trp Trp 
 None Lye Trp Trp
 

g - - - -- - ------ P ER.. .. .. 
Ragi 34 76 36 
 63 1.74 3.00 1.87 2.70

Bajra 85 139 
 82 135 1.84 2.41 1.83 2.34
 
Sorghum 
 51 109 49 123 1.36 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; PER = 0.13 
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Table VI presents results when diets were supplemented with 3% 
protein. That uniform supplementation made all diets except Ragwi 
con­
tain approximately 12 
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. Reight gains of rats
 
fed Ragi 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 FPCall grains. 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 FFC is relatively low. That reasoning was confirmed by giv­
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
 
expected from analytical data. That may have resulted from poor di­
gestibility of yeast (15). 
 The poor results in maize and barghum diets 
supplemented with a-P could have resulted from imbalances precipitated
by the lower quantities of methionine, valine and lysine in -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. Gain of Weanling Rats and PER. Expt. 

1
Supplement 


Diet DM FFC DM FFC
a-P BY 
 a-P BY
 

g --------- -- PER...........
 
Ragi 83 73 108 77 3.05 
 2.43 3.35 2.79 
Bajra 105 
 115 97 90 2.22 2.27 2.0 1.97 
Sorghum 83 75 113 72 1.89 2.24
1.63 1.59

Maize 98 77 61 80 2.36 1.79 1.57 2.01 
Casein (8%) 47 2.49 
Casein (12.5%) 83 2.18 

eTosupply 3% protein. Total protein contents of diets, in %: Bajra,

12.6; sorghum, 11.8; maize, 11.4; Ragi, 7.8. 
No protein supplement

added to casein diets. 

Least significant difference (7), 5%: gain = 5.3; PER = 0.13. 
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Chemical and protein scores (Table III) 
based on egg protein as
reference correlated better with PER values than did scores based on
 
the FAO 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 and methods
 
to prejict how well foodstuffs meet those requirements need further
 
study.
 

The data show that selection of the best protein supplement for a
given grain requires consideration of the amino acid 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 unutilized portions of other FAA. 
Since Ragi

and 	 Bajra also contain mnre sulfur amino acids than maize or sorghum,
they might be used more extensively in designing iiets. 
 If a Ragi

protein isolate could be prepared efficiently and iconomically, it
 
would be a high quality protein supplement.
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and compared to the FAQ reference pattern, no amino acid in Ragi was limiting except 

lysine ws marginal. Bajra protein was deficient in lysine; sorghum and maize were de-

On several protein-quality scores, Ragi rankedficient in three or more amino acids. 
first andBajra second; both ranked considerably higher than sorghum or maize. Among 

unsupplemented diets, Bajra caused grea ast weight gairnin rats and .hadthe highest PER. 

Supplementing Bajra and Ragi diets with lysine iftcreased both gains and PER. Lysine im­

proved sorghum and tryptophan improved maize diets; together lysine and tryptophan marked­

ly irproved both diets. Fish protein concentrate was the most effective supplement with 

sorghum and Ragi, dried milk with maize, and isolated soybean protein with Bajra. 
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