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The proteins of whole and milled rice can be effectively supplemented by those of whole

milk solids, lactalbumin, and defatted whole egg.

Data are presented on the content

of amino acids (essential and nonessential), vitamins, and other constituents of milk solids,
Lactalbumin was tested for total amino acid content. The
results of these experiments show the extent to which rice rations can benefit from addi-

and defatted whole egg.

tion of small amounts of milk solids, lactalbumin, and whole egg.

This is of importance

in those areas of the world where much rice is consumed and where these high protein
foods are economically available.

IN AN ATTEMPT to improve rice diets
further, studies were made with whole
milk powder, nonfat dried milk (skim-
milk), lactalbumin, and nonfat whole
egg powder as supplements to whole rice
and to white milled rice. An invest-
gation was started on the effect of re-
placing whole rice proteins with those
of milk solids and powdered whole egg;
1, 3, and 59 of these solids replaced
equivalent amounts of proteins in milled
and whole rice rations which were fed
to albino rats for 70 days. Another
series of experiments was made on the
effect of adding small amounts of these
solids to rations containing rice as the
only source of protein. This paper also
reports studies on the content of all
members of the vitamin B complex,
amino acids (including nonessentials),
calcium, phosphorus, and iron, and on
the growth value of the proteins of
samples of commercial dry milk solids,
lactalbumin, and whole egg powder.

Experimental Procedure and Results

Commercial samples of dry milk
solids (spray-dried whole milk, nonfat
dry milk solids, or skimmilk), lactal-
bumin, and fat-extracted whole egg
powder were used for the determination
of vitamins, minerals, amino acids, and
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supplementary and growth values of
the proteins.

Supplementary values were deter-
mined in studies using albino rats as
experimental animals fed milled white
rice rations containing 5.5% protein and
whole rice rations containing 6.389%
protein. Milled and whole rice fur-
nished the only source of protein in
these rations and at levels to incorporate
the necessary protein. The per cent
of protein content of the white milled
rice was 6.45, of whole brown rice 7.25,
of dried whole milk 25.0, of fat-extracted
whole egg 65.8, of lactalbumin 80.7, and
of skimmilk 36.2. The composition of
the rest of the rations was 49 of salt
mixture No. 1 (6), 4% of hydrogenated
vegetable shortening, 29 of cellu flour,
29, of cod liver oil, and 19, of wheat
germ oil as sources of vitamins A, D,
and E, and the rest as glucose (cerelose).

In the protein replacement experi-
ments, the other solids were added at
three levels—1, 3, and 59; the proteins
of these solids were added at the expense
of the rice proteins, leaving the total
protein in the ration the same. In the
protein addition experiments, the solids
were added also to the basal ration at
these levels of 1, 3, and 59; at the
expense of cerelose, and the protein
content was slightly increased.

AGRICULTURAL AND FOOD CHEMISTRY

The following crystalline components
of the vitamin B complex were admin-
istered daily to each animal separately
from the rations with double doses on
Saturday: 25 vy each of thiamine,
riboflavin, pyridoxin, and niacin; 150
v of calcium pantothenate; 3 mg. of
p-aminobenzoic acid; 6 mg. of choline
chloride; and 1 mg. of inositol. The
animals, 28 to 32 days old when started
on the experiment and weighing about
50 grams each, were divided in two
groups, each having equal numbers of
both sexes; they were fed for 70 days.
FEach animal was weighed weekly and
accurate weekly records for food con-
sumption were kept. From these data
the protein efficiency ratios were cal-
culated and expressed as gains in body
weight per gram of protein intake.

In the study (3) of the supplementary
value of the proteins of whole milk
solids for those of white milled rice, an
equivalent amount of the proteins of
rice was replaced by the proteins of
1, 3, and 59 whole milk powder, leaving
the protein level at 5.55. In experi-
ments reported here, 1, 3, and 5% of
whole milk were added, which increased
the protein level to 5.86, 6.24, and 6.629,
respectively (Table I, 4, ration 9 listed).

The protein content of the various
foods was determined from nitrogen
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Table I.

Supplementary Relationship between Various Solids

(12 animals in each group. Average results per animal for a 10-week period)

Ration

Whole rice

Whole rice + 19, whole milk
Whole milk solids

Whole rice + 19, whole milk
Whole milk solids

Whole rice + whole milk
Polished rice + whole milk
Polished rice

Polished rice + 19, whole milk

Polished rice

Polished rice + 1% N.F.M.
N.F.M.

Polished rice + 19, N.F.M.
N.F.M.

Whole rice

Whole rice + 19, N.F.M.
N.F.M.

Polished rice

Polished rice + 19, lactalbumin
Lactalbumin

Lactalbumin

Whole rice

Whole rice + 1%, lactalbumin

Polished rice

Polished rice + 19, whole egg
Whole egg

Whole rice

Whole rice + 19, whole egg
Whole egg

in Ration,

A. Proteins in Whole Milk Solids and Rice?
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175.
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6.38
6.38
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2 Gain in body weight per gram of protein intake.
» Milled white polished rice and whole brown rice.
¢ Standard error.

4 Significant for P = 0.05.
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In Whole Milk Powder,

o
25.0% Protein

Table I,

In Skimmilk Powder,

Determination of Amino Acids

o
36.2% Protein

In Fat-Free Whole Egg,

o
65.8% Protein

In Lactalbumin,

o
80.7% Protein

In White Milled Rice,

%
6.01% Protein (4)

In dry In In dry in in dry In In dry In In dry In

matter protein matter protein matter protein matter protein matter protein
Alanine 0.80 3.20 1.30 3.58 2.10 3,19 4.24 5.29
Arginine® 1.00 4.00 1.30 3.59 4.31 6.55 3.00 3.72 0.62 10.31
Aspartic acid 2.00 8.00 3.00 8.28 5.23 7.95 8.01 9.93 0.29 4.82
Cystine 0.25 1.00 0.40 1.10 1.54 2.34 3.10 3.84 0.09 1.48
Glutamic acid 5.20 20.8 6.90 19.1 8.93 13.57 12.0 14.80 0.68 11.31
Glycine 1.60 6.40 1.35 3.73 3.06 4.65 3.20 3.97 0.44 7.32
Histidine® 0.67 2.68 0.87 2.50 1.78 2.70 2.00 2.48 0.19 3.15
Isoleucine® 1.76 7.04 2.15 6.17 4.46 6.78 5.80 7.19 0.31 5.15
Leucine® 2.90 11.60 3.40 9.38 6.18 9.39 9.4 11.66 0.57 9.48
Lysine® 1.80 7.20 2.58 7.13 4.62 7.02 6.60 8.18 0.22 3.66
Methionine® 0.90 3.60 0.96 2.65 2.40 3.65 2.00 2.48 0.23 3.82
Phenylalanine® 1.25 5.00 1.76 4.86 3.70 5.62 4.50 5.58 0.29 4.82
Proline 2.20 8.80 2.60 7.46 3.08 4.68 4.00 4.96 0.28 4.65
Serine 1.32 5.20 1.50 4.14 4.00 6.08 3.60 4.46 0.30 4.99
Threonine® 1.16 4.64 1.60 4.42 3.70 5.62 4.32 5.36 0.31 5.15
Tryptophan® 0.40 1.60 0.50 1.38 0.92 1.40 2.00 2.48 0.05 0.83
Tyrosine 1.25 5.00 1.58 4.53 2.26 3.43 4.10 5.08 0.32 5.32
Valine® 1.60 6.40 2.23 6.15 4.87 7.40 5.55 6.85 0.46 7.65
¢ Nutritionally essential.
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Table III.

Vitamins and Other Constituents in Fat-Free Dry Whole Milk,

Skimmilk, and Whole Egg Powder

Whole Milk Skimmitk Whole Egg
MicrocraMs PER GRAM

Thiamine 2.8 3.0 4.3
Riboflavin 10.8 13.2 8.4
Nicotinic acid 15.0 14.0 4.0
Pantothenic acid

Total 34 36.8 46.7

Free 15 23.2 39.0
Biotin 0.20 0.32 0.35
Folic acid

Total 0.04 0.04 0.06

Free Traces Traces Traces
Pyridoxine 12.0 9.3 7.6
Inositol 2300 1320 1200
Choline 1734 1750 2400

Aminobenzoic acid 0.64 0.85 0.70

Per CeNT

Calcium 0.98 1.30 0.20
Phosphorus 0.71 0.91 0.83
Iron 0.0053 0.0060 0.0050
Nitrogen 3.97 5.67 10.28
Protein (nitrogen X factor) 25.3 36.2 65.8
Fat (in the original) 26.2 0.05 34.6
Moisture 2.3 5.6 2.5
Ash 5.3 7.2 2.3
Fiber 0 0 1.4

analyses using the factor 6.38 for the
nonfat milk solids, 6.49 for lactalbumin,
and 6.25 for whole egg. For conversion
of total nitrogen to protein, the factor
5.95 was used for rice, as Jones (2)
reported that the nitrogen content of
oryzenin, 16.89,, fairly represents the
nitrogen in the rice proteins as a
whole,

In the study of the supplementary
value of the proteins of whole milk
solids for those of whole brown rice, the
procedure followed was similar to that
described for the white milled rice. In
the replacement tests, the protein level
was left at 6.389, (Table I, A4, ration 2
listed), and in the addition tests, the
protein level was increased from 6.38
to 6.56, 6.92, and 7.289, respectively
(Table I, A, ration 4 listed). The
results of these supplementary swudies are
given in Table I.  Only one level of each
tested supplement is listed; similar
results were obtained on higher levels.

The results, expressed as average gain
per animal (Table I, 4), indicate that
the proteins of whole brown rice can
also be improved by supplementation
with whole milk solids like those of
milled white rice, as previously demon-
strated in ad libitum and paired feeding
experiments (3).

The values are higher in the combina-
tion whole rice-whole milk than in each
food separately and this constitutes a
demonstration of a true supplementary
relationship between two proteins (Table
1, 4, rations 1, 2, and 3). The results
obtained from rations 5, 6, and 7
provide further proof of a supplementary
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relationship between proteins of milled
and whole rice and of whole milk solids.

Table I, B, shows that the proteins
of dried nonfat milk solids (skimmilk)
have a supplementary effect for those
of milled white rice and whole brown
rice; Table I, C, shows that a supple-
mentary relationship exists between lac-
talbumin and the proteins of milled
white rice and of whole brown rice.

As previously shown (3) in ad libitum
and paired feeding experiments, the
proteins of whole egg supplemented
those of white milled polished rice in
rations where the protein level of 5.55
was kept constant and in whole rice
rations fed rats at a constant level of
6.389; protein.  Addition of small
amounts (1, 3, and 5%) of whole egg to
a white polished rice ration leads to
large increases in growth and protein
efficiency ratio (P.E.R.), although the
protein levels of the rations are increased
to a certain extent (ration 25, only one
level listed, Table I, D). The proteins
of whole brown rice are supplemented
by those of whole egg as shown by the
results obtained with ration 28. In the
whole rice-whole egg ration 28, a higher
value in gain and P.E.R. was obtained
than found in either the whole rice ra-
tion alone or in the whole egg ration
alone and this points to a true, real
supplementation. Animals fed extracted
whole egg at a 9% protein level of in-
take showed an average gain of 142
grams and a P.E.R. of 1.78 grams which
is lower than the values found for whole
milk, nonfat dry milk solids, and lactal-
bumin.

AGRICULTURAL AND FOOD CHEMISTRY

The results of these experiments indi-
cate that the proteins of white milled
polished rice and of whole brown rice
can be further improved by supplemen-
tation with those of whole milk solids,
nonfat dry milk solids, lactalbumin, and
extracted whole egg. This is of impor-
tance in those areas where rice is con-
sumed to a large extent and where milk
solids, lactalbumin, and whole eggs are
readily available at a reasonable cost.

A complete description of the experi-
mental procedure for the determination
of amino acids, vitamins, and the
minerals calcium, phosphorus, and iron
is presented in a previous publication
(3).

Amino Acid Content. The results of
the amino acid determinations in fat-
free samples of whole milk solids, nonfat
dry milk solids, lactalbumin, and whole
egg, expressed as percentages, are given
in Table II. These values are calculated
on the air-dried samples and are also
expressed as the percentage in the crude
protein. The content of the amino acids
(essential) agrees well with that reported
elsewhere (7). Values for amino acids
in rice have been reported previously
(4) and are reproduced in Table II.

This table shows that the proteins of
milk solids, whole egg, and lactalbumin
have much higher amino acid content
than rice proteins. Tryptophan, lysine,
threonine, and the combination of
cystine and methionine are much lower
in rice proteins and it might be assumed
that these amino acids are mainly re-
sponsible for the high supplementary
effect observed in the growth experi-
ments, especially as lysine is considered
to be the main limiting amino acid in
rice proteins.

A number of vitamins were deter-
mined by methods referred to elsewhere
(4). The results of these tests are given
in Table III, which also contains data
on calcium, phosphorus, iron, and other
constituents.
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