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All-Vegetable Protein Mixtures for Human Feeding. The
Development of INCAP Vegetable Mixture 14

SUMMARY

Study of the complementary value of soybean
and corn proteins in young growing rats re-
sulted in the formulation of INCAP Vegetable
Mixture 14: 589 ecorn flour, 389 soybean
flour, 3% torula yeast, 19, calcium phosphate,
and 4,500 1.U, vitamin A per 100 g. The mix-
ture contains approximately 279 protein.
Formula 14, evaluated in young growing dogs,
was slightly lower in protein quality than eca-
sein. Its main limiting amino aeid is methio-
nine, but only when fed at a low level of pro-
tein. The addition of lysine and threonine in
the presence of methionine caused a highly
significant increase in protein efficiency ratio.
Only a small response was obtained when milk
protein replaced Formula 14 protein in iso-
proteic diets.

INTRODUCTION

The widespread prevalence and great
public-health significance of protein-calorie
malnutrition among young children in pro-
tein-poor areas of the world is now well
recognized. During the last few years, sev-
eral laboratories throughout the world have
developed vegetable-protein mixtures for
supplementary feeding of children and adults
as a means of controlling protein-calorie
malnutrition in underdeveloped areas (Na-
tional Academy of Sciences, 1961). These
mixtures usually consist of various combina-
tions of a cereal grain with a vegetable pro-
tein concentrate. The vegetable protein
concentrates that have received the greatest
attention are soybean, cottonseed, peanut,
and sesame flour (Altschul, 1958).

In our laboratories, a great deal of atten-
tion has been given to vegetable-protein
mixtures based on cottonseed flour and corn
(Bressani ef al., 1961). One of the mixtures
developed was tested extensively in experi-
mental animals (Bressani et al., 1962) and
children (Scrimshaw e¢ al,, 1961) and is
now being produced on an industrial scale
under the commercial name of Incaparina
(Béhar, 1963). Emphasis was placed on
using cottonseed flour because of its avail-
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ability in the Central American countries
(Bressani, 1963) and other parts of the
world (USDA, 1963) where protein-rich
foods are needed.

Vegetable-protein mixtures containing
other vegetable-protein concentrates are
highly desirable because the availability of
such concentrates varies from one area to
another. Therefore, soybean flour was tested
as the main vegetable-protein concentrate to
develop mixtures with cereal grain protein.

The literature on the nutritive value of
soybean protein has been reviewed in an
excellent manner by several workers (e.g.
Cicle and Johnson, 1958). Also, a consider-
able amount of work has been reported on
the supplementary effect of soy flour on the
protein of wheat flour (Jarquin et al., 1966)
and other cereal grains (Dean, 1958). In
this report, soybean flour protein was tested
for its complementary value to corn proteins,

resulting in the development and testing of
INCAP Vegetable Mixture 14,

MATERIALS AND METHODS

The experiments were done with a toasted soy-
bean flour (kindly supplied by General Mills) con-
taining 509 protein and local whole corn flour.
On the basis of the nitrogen content of both
ingredients, the complementary and supplementary
value of soybean protein to corn protein was stud-
ied. For the experiments on the complementary
value of soybean flour protein, a series of diets
were prepared in which protein level was kept at
approximately 9%. In one of the diets, all the pro
tein was derived from corn flour, while in remai
ing diets, corn protein was replaced progressively
by soybean flour protein, so that the protein of the
last diet of the series was all derived from soy-
bean four and all contained equal amounts of total
protein, The partial composition of the diets fed
is shown in Table 1.

The supplementary value of soybean flour to
corn protein was studied by adding increasing levels
of soybean flour, from 0 to 209%, to a fixed level
of corn in the diet. In this case, the protein content
of the diet increased with increasing levels of soy-
bean protein. As before, the partial composition of
the diets used is shown in Table 2.
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Table 1. Optimum combination between the proteins of corn and of soybean flour.

Percentage protein Protein distribution Weight distribution .

distribution in diet in diet in diet® vg:ilg&t
Corn SBF Corn SBF Corn SBF (g) PER
100 0 8.0 0 90.0 0 33 1.43
80 20 6.4 1.6 72.0 3.2 57 2.15
60 40 4.8 3.2 54.0 6.4 73 2.53
40 60 3.2 48 36.0 0.6 83 2.71
20 80 1.6 6.4 18.0 12.8 83 2.61
0 100 0 8.0 0 16.0 68 2.33

* The other ingredients of the diets were: 4.09% mineral mixture (Hegsted et al.. 1941),
5% refined cottonseed oil, 19 cod liver oil, and cornstarch to adjust to 100%. All diets were
supplemented with 4 ml of a complete vitamin solution (Manna and Hauge, 1953) per 100 g.

® Average initial weight: 48 g (12 animals per group).

A procedure similar to that described above was
followed in studies to find the complementary effect
between skim milk and the best corn-soybean flour
mixture. These experiments were done at the 10
and 20% protein levels in the diet. The partial
composition of the diets used is described in
Table 3.

Finally, the limiting amino acids in Mixture 14
were determined in young growing rats with diets
containing 10 and 209 protein. The amino acids
added, as well as the amounts, are shown under
“Results.” The other components of the diets are
also shown in Table 4.

In all these studies, assays were carried out with
young growing rats of the Wistar strain of the
INCAP colony. Six to 12 rats were assigned at
random to each experimental diet. The rats were
placed in individual all-wire cages, with raised
screen bottoms. Both feed and water were pro-
vided ad libitum, and the experimental period lasted
28 days. Weight of the rats and consumption of

food was recorded every 7 days. Protein efficiency
ratios (PER) were used to assess the effect of
the different treatments. Partial description of the
diets used is given in the results section, together
with the performance of the experimental animals.

The best protein combination between corn and
soybean flour served as the basis for the formula-
tion of Mixture 14, which was then fed to 4 young
growing dogs to determine its nitrogen balance
index (NBI).

The animals were fed decreasing levels of pro-
tein from a diet made of: 879% Formula 14; 109%
hydrogenated vegetable fat, 29, mineral mixture
(Hegsted et al., 1941), 1% cod liver oil, and 3 ml
of a complete vitamin solution {(Manna and Hauge,
1953) per 100 g. The intake of calories was main-
tained at 135 Kecal/kg/day throughout the study.
When needed, the intake of calories was adjusted
with an N-free diet made of : 209, cornstarch, 409,
dextrose, 249 sugar, 3% cellulose, 109 hydro-
genated vegetable fat, 29 mineral mixture (Heg-

Table 2. Effect of complementing and supplementing corn protein with soybean flour

protein in rats.

Percentage protein Protein distribution

Weight distribution

distribution in diet in diet 1;;"5?2:‘ in diet Weight
Corn SBF Corn SBF (%) Corn SBF gain® PER

100 0 7.82 0 7.82 90.0 1] 36 1.60
80 20 6.41 1.60 8.01 72.0 3.2 58 2.29
60 40 4.70 3.13 7.83 54.0 6.3 74 272
40 60 3.20 4.79 7.99 36.0 9.5 88 291
20 80 1.63 6.54 8.17 18.0 12.7 79 2.67
0 100 0.00 8.07 8.07 0.0 16.0 77 2.56
100 0 6.99 0.00 6.99 70.0 0.0 22 1.31
76.0 24.0 6.32 2.00 8.32 70.0 4.0 62 2.30
59.8 40.2 5.96 4.00 9.96 70.0 8.0 101 2.61
48.4 51.6 5.63 6.00 11.63 70.0 12.0 129 2.59
39.6 60.4 5.24 8.00 13.24 70.0 16.0 158 2.69
33.2 66.8 496 10.00 14.96 70.0 20.0 154 2.55
57.9 42.1 5.64 4.10 9.74 70.2 8.2 100 2.63
15.8 84.2 2.14 11.39 13.53 32.4 229 141 2.40
15.1 84.9 2.26 12.70 14.96 36.0 25.4 139 2.21

* Average initial weight: 47 g (6 animals per group).
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Table 3. Complementation between the proteins of Formula 14 and skim milk at two

levels of protein in the diet.

Percentage protein Protein distribution

Weight distribution

distribution in diet in diet Protein Weight
Formula Skim Formula Skim Formula Skim in diet gain

14 milk 14 milk 14 milk (%) (g) FER
100 0 0.65 0.00 36.40 0.0 9.65 123 2.79
80 20 8.00 2.00 29.12 6.06 10.00 135 2.88
60 40 6.12 4.08 21.84 12.12 10.20 122 2.84
40 60 4.20 6.30 14.56 18.18 10.50 137 2.95
20 80 2.23 8.92 7.28 24.24 11.16 131 2.82

0 100 0.00 12.00 0.00 30.30 12.00 129 2.73
100 0 19.10 0.00 72.80 0.00 19.10 143 1.77
80 20 15.92 3.98 58.24 12.12 19.90 151 1.76
60 40 12.00 8.00 43.68 24.24 20.00 154 1.83
40 60 8.12 12.18 20.12 36.36 20.30 157 1.81
20 80 4.00 16.00 14.56 48.48 20.00 146 1.84

0 100 0.00 20.80 0.00 60.60 20.80 138 1.67

® The diets were supplemented with: 4.09% mineral mixture (Hegsted et al., 1941), 5%
refined cottonseed oil, 19% cod liver oil, and cornstarch to adjust to 1009. All diets were
also supplemented with 4 ml of a complete vitamin solution (Manna and Hauge, 1953) per 100 g.

sted et al., 1941), 19 cod liver oil, and 4 m] of a
complete vitamin solution (Manna and Hauge,
1953) per 100 g of diet. The Formula 14 diet
contained 3.629% nitrogen and 435 calories per 100 g.
The N-free diet contained 435 calories per 100 g.
. Each level of protein was fed for 8 days, pro-
viding two 4-day balance periods. Feces and urine
were pooled every 4 days and homogenized before
obtaining a subsample for nitrogen analysis. From

the nitrogen intake and fecal and urinary nitrogen
excretion, nitrogen absorption and balance were
calculated.

RESULTS

Complementation between corn and soybean
proteins, Table 1 shows the results of the first
study designed to determine the best protein com-
bination between corn and soybean protein. From

Table 4. Limiting amino acids in mixture 14 at two levels of protein in the diet.®

Protein Weight
in diet gain
Amino acid supplement (%) (g) PER
None 10.10 110 2.56
+ 0.209 L-lysine HCI 10.30 93 2.35
+ 0.209% L-threonine 10.80 182 2.31
+ 0.209% DL-methionine 10.10 139 2.93
+ 0.20% L-lysine HCI + 0.209 L-threonine 10.10 121 2.69
+ 0.20% L-lysine HCl + 0.20% DL-methionine 10.40 126 2.74
+ 0.20% L-threonine + 0.209% DL-methionine 10.00 142 3.05
+ 0.20% L-lysine HC1 4+ 0.209% L-threonine
+ 0.209, DL-methionine 10.10 164 3.39
None 18.04 145 2.01
+ 0.20% L-lysine HCI 18.36 156 1.99
+ 0.20% L-threonine 17.80 169 211
+ 0.20% DL-methionine 18.00 171 2.20
+ 0.20% L-lysine HCl + 0.209% L-threonine 17.34 162 2.11
+ 0.20% L-lysine HCI + 0.209 DL-methionine 17.00 168 2.25
+ 0.20% L-threonine + 0.209% DL-methionine 17.56 178 2.30
+ 0.20% L-lysine HCl + 0.209% L-threonine
+ 0.209, DL-methionine 18.05 164 2.19

* All diets were supplemented with: 4.09% mineral mixture (Hegsted ef al, 1941), 5%
refined cottonseed oil, 1% cod liver oil, and cornstarch to adjust to 1009%. All diets were
also supplemented with 4 ml of a complete vitamin solution (Manna and Hauge, 1953)

per 100 g.
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both weight gained and PER values, it is evident
that the proteins complement each other when corn
provides 20-409% of the protein of the diet and
soybean flour 60-80%. From these results, and by
selecting the higher level of soybean flour and the
lower of corn, Mixture 14 was formulated to con-
sist of a mixture of 58 g of corn and 38 g of
soybean flour per 100 g of mixture.

Table 2 shows the supplementary effect of soy-
bean flour to corn. Complementation of soybean
and corn proteins occurred as before when 609% of
the dietary protein was derived from soybean and
409 from corn. It can be seen from the PER
values that supplementation was optimum when
8.09% soybean flour was added to 709 corn. Larger
amounts of soybean flour did not increase PER,
although weight gain increased up to a level of
169% soybean flour in the diet.

Fig. 1A shows the relation between nitrogen in-
take and nitrogen retained, while Fig. 1B shows
the relation between nitrogen absorbed and nitrogen
retained in four days as carried out in dogs. From
the slope of the lines, the nitrogen balance index
was found to be 0.62 for the mixture of 56 g of
corn and 38 g of soybean flour. Nitrogen equi-
librium is obtained at a nitrogen intake of 230
mg/kg body weight/day. The biological value of
Formula 14 was 73.1 calculated from the NBI, and
73.3% from the direct determination. Apparent
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Fig. 1. Relationship between nitrogen intake and
nitrogen balance and between nitrogen intake and
nitrogen absorbed in dogs fed Mixture 14.

® dog No. 36; X dog No. 37; o dog No. 38;
A dog No. 39.

A) P =-14561+40.6189X

B) P =126.48 4 0.7260 X

and true protein digestibilities were respectively
78.6 and 80.29%.

Dogs fed decreasing levels of a casein diet gave
a regression equation equal to ¥ = —90.28 4 0.64 X
when nitrogen intake was plotted against nitrogen
balance, and of ¥ = —82.43 4 0.69 X when nitrogen
absorbed was plotted against nitrogen balance (¥
— nitrogen retention; X =— nitrogen intake). On
this basis, the protein value of Formula 14 was
found to be very close to the nutritive value of
casein,

Table 3 shows results based on the best protein
combination between Formula 14 and skim milk at
two levels of protein in the diet. It appears, from
both weight gained in 28 days and PER values,
that all combinations between Formula 14 and
skim milk have a high nutritional value, although
slightly higher values for both parameters were
found when Formula 14 provided 40% of the di-
etary protein and skim milk 60%.

Table 4 presents the results on the amino acid
supplementation of Formula 14 at two levels of
dietary protein. The addition of methionine caused
a significant increase in both weight gained and
PER at the lower level of protein in the diet,
while the addition of lysine and of threonine alone
caused a slight decrease in PER and weight gained.
The addition of the three amino acids together
brought about a highly significant response in both
weight gained and PER over the unsupplemented
diet and the diet supplemented with methionine.
Amino acid supplementation at the higher level of
dietary protein brought about only a small increase
in weight gained and PER.

DISCUSSION

The findings of the present investigation
show that soybean flour protein and corn
proteins complement each other, yielding a
mixture having a nutritive value higher than
that of either component fed alone. The
type of response obtained when the protein
of one component is replaced by the protein
of the second component in isoproteic diets
is different from the response obtained from
mixtures of cottonseed flour and corn pro-
teins (Bressani, 1965). In this case, replace-
ment of cottonseed protein by corn protein
results in a sharp decrease in the nutritive
value of the mixture where corn protein con-
tributes more than 60% of the protein in
the diet.

Soybean protein supplements corn pro-
tein, as has been shown by several workers
(Gilbert and Gillman, 1959), but the sup-
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plementary effect is not as great as the com-
plementary value between the two proteins,
as indicated by the PER values. There is,
therefore, a basic difference between the two
methods of combining soybean and corn pro-
teins. In one case, that of supplementation,
soybean protein is supplying the limiting
amino acids in corn protein ; however, at the
same time other amino acids are added in
the form of protein, which may limit the
effect of the beneficial amino acids, which
in this case are lysine and tryptophan. The
situation is similar to that taking place when
a fixed level of casein is supplemented with
increasing levels of gelatin (Harper, 1959),
although the effect is not as marked. In the
case of complementation, the amino acid pat-
tern of one protein component adapts with
the amino acid pattern of the other compon-
ent, resulting in a more efficient mixture of
amino acids in the form of protein.

A further difference between the two types
of protein enrichment is that, with comple-
mentation, mixtures ranging in protein con-
tent of equal nutritive value from 8 to 30%
can be formed, whereas with supplementa-
tion the protein content is limited by the
amount of the supplement added, to give the
highest PER.

From the results on complementation,
Mixture 14 was developed. It consists of a
mixture of 56% corn and 38% soybean flour.
Since these mixtures are being developed
for the supplementary feeding of infants and
young children whose diets are also deficient
in vitamins and minerals, 3% torula yeast is
added, as with previous mixtures (Scrim-
shaw ef al., 1962), and 1% calcium phos-
phate as source of Ca and P. Since vitamin
A has also been found deficient in rural diets
(Flores et al., 1964), 4,500 I.U. per 100 g
are also added.

The NBI of this mixture is superior to
that of the Vegetable Mixture 9 (Bressani,
1966) and very similar to that of casein.
Furthermore, its true protein digestibility is
slightly higher, which may be the reason that
its nutritive value is higher than that of
Vegetable Mixture 9.

Even though the PER of the mixture be-
tween corn and soybean is superior to that
of either component fed alone, the mixture is

deficient in methionine at low levels of pro-
tein in the diet. However, the cost of this
amino acid is low, and if its addition is con-
sidered practical, it will have only a slight
effect on the cost of the final product. Lysine
and threonine increased the nutritive value
of Mixture 14 only after supplementation
with methionine to about the same degree.
The addition of three amino acids which
appear to be deficient in the mixture of soy-
bean flour and corn, produced a blend of a
relatively high protein quality.

From the complementation experiments be-
tween milk and Mixture 14, protein mix-
tures containing some animal protein may
be developed. It was of interest to learn that
only a small improvement in nutritional
value was obtained when skim milk replaced
the protein of Formula 14 in isoproteic diets.
This may be due to the fact that, at low
levels of protein in the diet, methionine
would be also the first-limiting amino acid
in skim milk, although it contains slightly
more of it than in Formula 14. The use of
milk has several advantages, and allows the
larger distribution of more milk to more
people suffering from protein malnutrition.
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