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An important part of the high mortality in a sufficient quantity and quality of protein in
most underdeveloped countries is due directly the diet. While much can be done to increase
or indirectly to an inadequate consumption of the availability of animal protein, its cost and
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the .presstire of growing populations makes
the utilization of suitable vegetable sources of
protein important. For tropical and sub-tropi-
cal regions cottonseed flour is one of the most
promising sources of additional protein for
human diets, providing it comes from high
quality seed processed in such a way as to be
relatively low in gossypol and with protein
quality intact. Dr. Bressani has described the
vasic INCAP experimental work in animals
that has led to the development of vegetable
mixture formulas using such cottonseed flours
for the supplementary and mixed feeding of
mfants and young children and for improving
the protein value of the diets of persons of
all ages. Other speakers at this meeting have
discussed the specifications for cottonseed flour
vi suitable quality and described the agricul-
tural and industrial problems involved in its
production This presentation will summarize
INCAP clinical experience with the various
vegetable mixtures containing cottonseed flour.
These have not only been shown to be widely
acceptable in the diets of persons without obvi-
ous malnutrition but also have been found
effective in the treatment of severe protein
malnutrition in children (kwashiorkor).

Material and Methods

Initial acceptability and metabolic trials
were carried out in children 1 to 5 years of
age under study in the INCAP metabolic unit
and in an advanced stage of recovery from
kwashiorkor. As experience was acquired the

Table I
Formulas for INCAP Vegetable Mixtures
For Human Feeding

ngredient 8 8A 9 9A 9B
Lime-treated 50 50 28 .. ___
Corn Cooked e e el 29
Uncooked e e e e 29
Sesame flour 33% fat 35 _... ____
18 fat 35 .. e

Lime-treated _.. 28 ..
Sorghum Cooked 29 ..
Uncooked ] .29
Cottonseed flour 9 9 38 38 38
Torula yeast 3 3 3 3 3
Dehydrated leaf meal 3 3 3 -
CaCO3 1 1
Vitamin A ... 4500 4500
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formulas wcere also used in the early and even
initial treatment of children with kwashiorkor.
The various formulas involved in this program
are given in Table I.

Mixture 8A differed from 8 only in the use
of a sesame seed flour of lower fat content.
Mixture 9’, the uncooked form of Mixture 9,
was used only in the animal feeding experi-
ments. From the standpoint of protein quality,
there was no difference between mixtures 8
and 8A or between 9, 9A and 9B, although the
latter two did not employ lime-treated corn
and had the leaf meal as a source of vitamin
A activity replaced by the synthetic vitamin.

Mixture 9A, with the corn and sorghum pre-
cooked, received 10 minutes of final cooking
after blending one part of the dry powder into
approximately 10 parts of water; 9B, utilizing
raw corn and sorghum, required 15 minutes
cooking under the same circumstances. All
preparations were served primarily as cereal
gruels with added sugar, and flavored with
cinnamon, vanilla or chocolate.

The cottonseed flour employed in all of the
experimental testing in children was ‘“Pro-flo,”
produced by the Traders Oil Mill, Fort Worth,
Texas. The large-scale commercial trial in
Guatemala with INCAP Vegetable Mixture 9B
used a cottonseed flour produced by Borgonovo
Hermanos, El Salvador, whose characteristics
have been described by Dr. Bressani (1).” Spec-
ifications and sources for other components
have been previously described.

Mixture & contained approximately 25.1%
protein and Mixture 9, 27.5% . As described
in detail elsewhere (2,3,4), both mixtures con-
tained a balanced complement of other essen-
tial nutrients except ascorbic acid. The chem-
ical analysis and biological trials cited by Dr.
Bressani (1, 5) indicated that, as a protein
source, each should give results in children
similar to those obtainable with skim milk.

Therapeutic and Metabolic Studies

After preliminary tests of palatability and
initial tolerance, Mixture 8 with its content
of 9% cottonseed flour was given as the sole
source of protein to seven children who had
recovered from the acute phase of kwashiorkor
but who were not yet ready for discharge from
the hospital (2,4,6). The longest periods for

*Figures in parenthesis refer to References at end of this
article.



which Vegetable Mixture 8 was fed as the sole
source were 39, 50 and 33 days. In every case
the clinical response was excellent and the
mixture resulted in firm and regular stools.
Following this favorable experience, 6 children
with full-blown kwashiorkor were treated
from the time of admission with Mixture 8
as the sole protein source with a clinical re-
sponse indistinguishable from that usually a-
chieved with milk (2,4). The recovery of one
of these children is illustrated by the first
child in Figure 1.

In eight of these children, 5 day nitrogen
balance periods with the vegetable mixture
as the protein source were compared with
similar periods when milk was given isonitro-
genously. Table II, taken from a recent publi-
cation (4) shows that at levels of intake be-
tween 2.00 and 2.8 gm., there was no difference
between the average retention of nitrogen ex-
pressed as percent of intake when the protein
was derived from Vegetable Mixture 8 and
that when it was supplied by cows milk. Mix-
ture 8A gave equally satisfactory results when
used in balance experiments but was less well
tolerated for the initial therapy of kwashiorkor
due to unknown differences in the sesame flour
which were unrelated to the value of cotton-
seed flour in the formula.

Tolerance of patients to Mixture 9 was estab-
lished during nitrogen balance studies in 3
children and treatment of 2 children partially
recovered from kwashiorkor. Table III, from
a recent INCAP publication (4), summarized
the results reported to date from 72 five-day
balance periods with one or another of the
Mixture 9 formulas and a similar number of
control periods in which milk was the protein
source. At levels of protein intake of 2.0 gm.
and above, the retentions obtained with the
Vegetable Mixtures 9A and 9B were fully
comparable to those obtained with milk, al-

Fig. 1. Child PC-88 in the two photographs was a boy

2 years, 8 months, weighing 18 Ibs., 7 oz. on

admission to the hospital and treated with INCA-

PARINA as a sole source of protein. He is shown

on the right after 4%2 months of this treatment

at which time he weighed 22 pounds.
Table II
Comparison of Vegetable Mixture 8 and Milk in Young Children
MK VEGETABLE MIXTURE 8

Intake Absorption ;—'Ret‘é;t_io-; o Intake Absorption Retenti;h“

;Ch_lldrerjﬂ Agg Weight (Ajilrrkg Dayi g/kg 4 of intake ¢/ of intake Days g/kg % of intake 7, of intake
48 1 yr. 9 mos. 7.5 101 | 5 2.5 87 0 5 v i 73 11.3
23A 3 yrs. 11.2 106 | 5 2.6 74 23.2 D 2.6 78 23.2
48 1 yr. 9 mos. 9.9 110 | S 3.8 90 14.8 o 3.8 71 12.0
o6 3 yrs.6mos. 9.5 101 | 5 2.8 74 11.0 5] 3.0 71 13.5
57 4 yrs.3mos. 11.6 108 | S 2.9 80 33.6 5) 2.8 68 22.9
73 1 yr. 1 mo. 7.4 100 | 5 3.0 83 17.6 10 3.9 78 31.3
79 1 yr. 3 mos. 7.5 95 |10 2.6 83 38.2 o 2.9 70 23.8
88 3 yrs. 10.7 108 | 5 2.0 78 25.9 10 3.3 67 15.2
Average 104 2.8 81 20.5 3.0 72 19.1
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though once again, the absorption, expressed
as percent of intake, was slightly higher with
milk. At levels below 2.0, inadequate for
children of the age studied, the retentions with
Vegetable Mixture 9 were still strongly posi-
tive although somewhat higher levels were
attained with milk.

Five children with kwashiorkor admitted
to the hospital in this period were treated with
Vegetable Mixture 9 with results not distin-
guishable from those previously observed with
milk and with Mixture 8. One of these is illus-
trated in Figure 1.

These results were highly gratifying but did
not in themselves assure that any of these mix-
tures could be successfully introduced for the
local use of persons with growing children and
grossly inadequate economic resources. This
could be determined only by field acceptability
and marketing trials.

Special Biochemical Findings

A new approach for evaluating the quality
of dietary protein in human subjects is under
investigation in INCAP by Arroyave (7). It
involves the determination of the plasma amino
acid pattern by ion exchange column chroma-
tography before and after a small test feeding
of milk. Observations in dogs and children
indicate that the plasma amino acids increases,
after a standard protein feeding, are influenced
by the nutritional state of the subject as deter-
mined by the previous diet. A decreased re-
sponse seems to occur if a protein of poor nu-
tritional value has been fed for some time
before the test.

In two separate 4-week experiments each
of three children was fed either a diet con-
taining Vegetable Mixture 9B as the sole pro-

tein source, milk or a mixture of corn and
beans in which each furnished half of the pro-
tein. After a fasting blood sample, a test meal
of skim milk providing 2 gm. of protein’/k. of
body weight was administered and a second
blood sample taken 2-%2 hours later The shift
in plasma amino acid for the first of these
trials is given in Figure 2, taken from a recent
publication, and the results with the second
were almost identical.

EFFECT OF PREVIOUS DIET ON PLASMA AMINO ACID CHANGE 5
(PC-97 AS 100%)
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They show that the changes in the child fed
the vegetable mixture were essentially the
same as those of the child receiving milk and
very much higher than those of the child who
had been subsisting on the corn and beans diet.
The results tend to confirm the impressions of
the metabolic and therapeutic trials that the

Table III
Comparison of Vegetable Mixture 9A or 9B and milk in Young Children

MILK VEGETABLE MIXTURE 9A Or 9B

No. No. balance %Intake ;b;)rption %{_eten_tl:); ’_H'_ﬂlae_m”Ab.;s»orﬁ:i‘;nﬁ - -I—i-e;t_é;t;bn
g prot/kg Children Periods g/kg % of Intake ¢ of Intake g/kg 7% of Intake ' of Intake
4.0 1 2 4.0 84.4 22.0 4 66.1 24.1
3.0-3.9 4 11 3.0 84.9 17.1 3.0 70.2 16.8
2.0-2.9 9 48 2.3 82.6 16.3 2.3 68.9 17.8
1.0-1.9 4 13 1.2 78.1 24.9 12 66.2 15.5
1 2 3 0.5 67.2 8.1 0.5 59.1 4.5

' Scrimshaw et al. (ref. 4)




though once again, the absorption, expressed
as percent of intake, was slightly higher with
milk. At levels below 2.0, inadequate for
children of the age studied, the retentions with
Vegetable Mixture 9 were still strongly posi-
tive although somewhat higher levels were
attained with milk.

Five children with kwashiorkor admitted
to the hospital in this period were treated with
Vegetable Mixture 9 with results not distin-
guishable from those previously observed with
milk and with Mixture 8. One of these is illus-
trated in Figure 1.

These results were highly gratifying but did
not in themselves assure that any of these mix-
tures could be successfully introduced for the
local use of persons with growing children and
grossly inadequate economic resources. This
could be determined only by field acceptability
and marketing trials.

Special Biochemical Findings

A new approach for evaluating the quality
of dietary protein in human subjects is under
investigation in INCAP by Arroyave (7). It
involves the determination of the plasma amino
acid pattern by ion exchange column chroma-
tography before and after a small test feeding
of milk. Observations in dogs and children
indicate that the plasma amino acids increases,
after a standard protein feeding, are influenced
by the nutritional state of the subject as deter-
mined by the previous diet. A decreased re-
sponse seems to occur if a protein of poor nu-
tritional value has been fed for some time
before the test.

In two separate 4-week experiments each
of three children was fed either a diet con-
taining Vegetable Mixture 9B as the sole pro-

tein source, milk or a mixture of corn and
beans in which each furnished half of the pro-
tein. After a fasting blood sample, a test meal
of skim milk providing 2 gm. of protein/k. of
body weight was administered and a second
blood sample taken 2-%2 hours later. The shift
in plasma amino acid for the first of these
trials is given in Figure 2, taken from a recent
publication, and the results with the second
were almost identical.
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They show that the changes in the child fed
the vegetable mixture were essentially the
same as those of the child receiving milk and
very much higher than those of the child who
had been subsisting on the corn and beans diet.
The results tend to confirm the impressions of
the metabolic and therapeutic trials that the

Table III
Comparison of Vegetable Mixture 9A or 9B and milk in Young Children

MILK VEGETABLE MIXTURE 9A Or 9B

No. No. balance wkIntake Ab;;rption Retén_timo;"__“_l;lal;é— "”Ab.s;u»'i;;i;h- . *ﬁ;‘t-e-:;tgbn
g prot/kg Children Periods g/kg % of Intake ¢ of Intake g/kg % of Intake ‘' of Intake
4.0 1 2 4.0 84.4 22.0 4 66.1 24.1
3.0-3.9 4 11 3.0 84.9 17.1 3.0 70.2 16.8
2.0-2.9 9 48 2.3 82.6 16.3 23 68.9 17.8
1.0-1.9 4 13 1.2 78.1 24.9 1.2 66.2 19.9
1 2 3 0.5 67.2 8.1 0.5 29.1 4.5

' Scrimshaw et al. (ref. 4)
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quality of the protein in Vegetable Mixture 9
is indistinguishable by these means from that
of milk, at least at normal and therapeutic
levels of protein intake.

Field Studies

Field acceptability trials were carried out
only with formulas 9A and 9B used inter-
changeably in a total of 129 children in four
Guatemalan communities for periods of 15 to
19 weeks (4, 8). The mixtures were supplied
to the mother in plastic bags containing 75
gm., each sufficient for the preparation of
the three daily glasses of INCAPARINA which
were recommended. An average of 78% of
all children in the study consumed 2 or more
glasses daily. Ninety-seven percent of the
glasses offered were accepted, and only 3%
rejected; no instance of intolerance to the
mixture was encountered. Subsequently, simi-
lar results were obtained in El Salvador where
53 children were given the mixture for 4
weeks, and in preliminary acceptability trials
in Honduras and Nicaragua.

These studies established the acceptability of
the product when offered without cost but
did not measure the willingness of the parents
to purchase the preparation for their child or
for the entire family. Arrangements were then
made by INCAP and the government of Guate-
mala for a market trial in the predominantly
Indian village of Palin with an estimated popu-
lation of 4,000. The mixture was marketed
under the generic name of INCAPARINA using
the same type of plastic bag containing 75 gm.
of powder which had been employed in the
acceptability trials. Within 3 weeks sales sta-
bilized at approximately 1,200 bags per week
and remained at this average level for the 5-
month trial period. No commercial advertising
was used, but the product was recommended
by personnel of the health center and by the
local school teachers.

The name INCAPARINA has now been a-
dapted as a generic name to refer to any vege-
table mixture developed by INCAP suitable
for feeding to young children and containing
at least 25% protein of a quality comparable
to that of milk and other products of animal
origin.

Similar arrangements were made for larger
place marketing trials to involve 43 commu-
nities with health centers or units and limited
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commercial advertising. This trial began March
22, 1960, and was terminated September 30,
1960, at which time over 840,000 of 75 gm.
portions had been sold. Initial demand for the
product was unexpectedly high and the full
production was absorbed by the two principal
cities and nearby towns. For this reason, the
original plan could not be carried out because
adequate production and packaging facilities
were lacking. For the same reason, almost
no commercial advertising was employed. The
response was so encouraging, however, that
negotiations are in progress for large-scale
production and distribution of INCAPARINA
based on formula 9B, in Guatemala, El Salva-
dor and Nicaragua. It is hoped that arrange-
ments will subsequently be made for produc-
tion in a number or the other countries in
which protein malnutrition in children is an
acute problem and which possess or can de-
velop suitable local sources of cottonseed flour.

Discussion

The basic objective of INCAP’s work with
protein-rich vegetable mixtures for human con-
sumption has been to develop a low-cost pro-
tein food suitable for feeding to young children
which could be produced in technically under-
developed areas at a price which families of
limited economic resources could afford. Therc
are many potential formulas, but for use in
Central America, milk was both expensive and
in short supply, soybeans were not grown ir
quantity and the prospect of producing a suit
able quality of fish flour very doubtful. Fo.
a time sesame flour seemed promising but soo:
proved to be too expensive.

Cottonseed flour was employed cautiousls
at first in Vegetable Mixture 8 because of un
certainty about specifications for protein qual
ity and possible adverse effects of its gossypo!
content. The favorable biological and clinical
results with this formula encouraged INCAP
to replace sesame flour entirely with the less
expensive cottonseed flour. Sorghum was also
substituted for part of the corn to further re-
duce the price and increase commercial flexi-
bility.

The resulting formula for Mixture 9 repre-
sents a product in which the three principal
factors of cost, nutritive value and acceptabil
ity were watched equally closely. The higlh
nutritive value has been confirmed by ver



extensive animal and clinical trials. Because
it is also highly acceptable and cheap, INCAP
Vegetable Mixture 9. depending on cottonseed
flour for the quantity and quality of its protein,
seems likely to have a considerable competitive
advantage in comparison with comparable mix-
tures based on more costly protein concen-
trates.

The most serious limiting factor, the present
lack of mills producing a sufficiently good
grade of cottonseed flour, can be overcome
through the application of existing technology.
The INCAP results to date indicate that even
when fed as 38« of a mixture furnishing the
sole protein source of the diet, cottonseed flours
containing levels of total and free gossypol
in the range of 1.0, 0.04 and 0.06 ‘%, respective-
ly, can have good nutritive values and produce
no detectable adverse biological results, at
least when the seed is processed in such a way
that the quality of the protein is not damaged
by heat.

While it is evident from the discussions of
this meeting that more data are needed on the
rature of the so-called ‘“gossypol toxicity’ in
sensitive animals fed flours of poor quality,
the results help to confirm the safety and
effectiveness of cottonseed flours of high pro-
tein quality in which the initial seed does not
contain excessive gossypol and is processed so
that most of the pigment present is separated
with the oil. Since cotton grows well in the
tropical and subtropical regions where protein
malnutrition is most common, the initial suc-
cess of a vegetable mixture for human con-
sumption containing 387 cottonseed flour,
points to an important role for cottonseed pro-
tein in helping to meet the critical protein
shortages of such areas.

Summary

INCAP Vegetable Mixture 8 containing 9%
cottonseed flour and Mixture 9B containing
38 cottonseed flour, 58‘4 whole ground corn
and sorghum, 3’7 Torula yeast, 1« CaCO,,
and added vitamin A. have been found highly
acceptable when prepared in the form of fla-
vored and sweetened cereal gruels. Mixture
8 proved highly satisfactory in 15 children re-
covering from kwashiorkor and 5 with acute
kwashiorkor, even as the sole source of pro-
tein. In 8 children fed from 2.3 to 3.5 gm. of
protein per k. body weight nitrogen retention
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with milk averaged 19.1° of intake compare:
with 20.57 for Mixture 8 fed isoproteically

Initial tolerance to Mixture 9B was estab
lished in children partially recovered fron
kwashiorkor; it was then used successfully i
the treatment of 5 children with acute kwashi
orkor. Plasma amino acids changes following
a protein test-meal were studied in 6 children
given either milk, Mixture 9B or a corn-bean
diet for several weeks. The increase in plasma
amino acid levels was essentially the same
when milk or Mixture 9B constituted the pro-
tein source of the previous diet and much
higher than that following the corn-bean feed-
ing. Since this response bears a direct relation
ship to the protein value of the previous diet.
the results are further confirmation of the
similarity of Mixture 9B and milk in this re-
spect.

In 9 children, 48 balance periods each on
milk and Mixture 9B at a protein intake be-
tween 2.0 and 3.0 gm./k. day gave an average
retention of 16.3% for milk and 17.8'¢ for
Mixture 9B. In 13 balance periods each at
higher levels of protein intake, nitrogen reten-
tions were still essentially the same for milk
and Mixture 9B, although in 16 periods each
at levels of 1.0 gm.’k./day and below, reten-
tions with milk were somewhat higher. No
effect of fat on nitrogen retention was detected
when it was added to either of the mixtures.

In field trials with Mixture 9B involving 115
children in Guatemala for 15-19 weeks and 53
in El Salvador for 4 weeks, approximately 95°.
liked the mixture and consumed it regularly.
Preliminary results of acceptability trials in
Honduras and Nicaragua are similar. In a
marketing trial in Guatemala from March 22
to September 30, 1960, over 840,000 packages
containing 75 gm. each of Mixture 9B at 3
cents each or their bulk equivalent were con-
sumed with very favorable acceptability and
no reports of intolerance.

The cottonseed flours employed were speci-
ally prepared for human consumption and con-
tained over 50‘¢ protein of a relatively high
biological value. They had approximately 1°.
total and 0.04 to 0.06¢ free gossypol. At no
time was an intolerance or other adverse effect
due to the cottonseed flour encountered even
though it furnished nearly 80‘: of the dietary
protein for periods ranging from a few weeks
to 3 months.



Mixtures 8 and Y, and their several varia-
tions, have been given the generic name '“IN-
CAPARINA " On the basis of the extensive
and favorable biological and clinical findings.
they are recommended for the supplementary

and mixed feeding of young children, and as
low-cost protein-rich foods of good quality for
persons of all ages in any area where the basic
ingredients are available and where protein
of animal origin is expensive or in short supply.

REFERENCES

Bressani. Ricardo: The Use of Cottonseed
Flour 1n Vegetable Protein Mixtures for
Human Feeding. 1. Biological Studies.
This Proceedings, p. 16.

Scrimshaw, N. S., Squibb, R. L., Bressani,
R., Béhar, M., Viteri, F., and Arroyave, G.:
Vegetable Protein Mixtures for the Feed-
ing of Infants and Young Children. In:
Amino Acid Malnutrition, edited by Wil-
liam H. Cole. New Brunswick, N.J. Rut-
gers University Press, 1957, p. 28-46.
Scrimshaw, N. 8. and Bressani, R.: Vege-
table Protein Mixtures for Human Con-
sumption. Fed. Proc., 20 (Supplement No
7): 80-88, 1961.

Scrimshaw, N.S., Béhar, M., Wilson, D.
Viteri, F., Arroyave, G., and Bressani, R.:
All-vegetable Protein Mixtures for Human
Feeding. V. Clinical Trials with INCAP
Mixtures 8 and 9 and with Corn and Beans.
Am. J. Clin. Nutrition, 9: 196-205, 1961.
Bressani. R. and Scrimshaw, N.S.: The
Development of INCAP Vegetable Mix-
tures. I Basic Animal Studies. (Proceed-
ings of the Conference on Protein Needs.

#.1043

20

.

Sponsored by the Committee on Protein
Malnutrition, Food and Nutrition Board.
National Research Council, Washington,
D. C. 1960).

Scrimshaw, N.S., Béhar, M., Viteri, F.,
Arroyave, G. and Tejada, C.: Epidemiology
and Prevention of Severe Protein Malnu-
trition ( Kwashiorkor) in Central America.
Am. J. Pub. Health, 47: 53-62, 1957.
Arroyave, G., Wilson, D., Béhar, M., Bres-
sani., R. and Scrimshaw, N.S.: The De-
velopment of INCAP Vegetable Mixtures.
I1. Biochemical Testing. (Proceedings of
the Conference on Protein Needs. Spon-
sored by the Committee on Protein Malnu-
trition. Food and Nutrition Board, National
Research Council. Washington, D. C. 1960)
Scrimshaw, N.S., Béhar, M., Wilson, D.
Léon, R. de and Bressani, R.: The Develop-
ment of INCAP Vegetable Mixtures. III.
Clinical and Field Trial.. (Proceedings of
the Conference on Protein Needs. Spon-
sored by the Committee on Protein Malnu-
trition, Food and Nutrition Board, National
Research Council Washington, D. C. 1960}



