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SCRMULATED VEGETABLE MIXTURES

Licardo Lressani, Ph.D.*
Guatemalia City, Guatemala

Tae following discussion will indicate the .. - ‘wnal
factors to be considered in the scientific for:....1tion
of foods rich in protein which are used fo: h:imun
feeding.

The animal feed industry has reached a high level
of efficiency in many countries of the world because
of available knowledge of nutrient requiremeris at
d:iferent stages of growth and of the chen:izi and
-iaino acid composition of foods. This k:.viicdge
«aables the manufacturer to mix several fecd ingre-
dients, following scientific principles, which will re-
sult in complete and balanced diets utilized to their
maximum efficiency by the animal. A similar irend
must be followed in the feeding of the human popu-
lation if this rapidly increasing population is to be
adequately fed. Although nutrient requirements in
humans are not as well established as similar rcd vire-
ments for domestic animals, there is enough informa-
tion available to permit the formulation of foods
which provide the nutrients required for growth and
maintenance. Protein is one of the most impcrtant
autrients to be considered in the development of
food mixtures for human feeding.

Factors Affecting Protein Quality

Recognized factors which affect the efficient utili-
zation of protein are as follows:

1. Protein concentration

2. Amino acid content and balance
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3. Protein digestibility and aminc acid availability

4. Other factors, such as toxic compounds

Processing conditions affect protein, and can be
a factor in determining digestibility and amino acid
availability.

Improvement of Protein ()uality

From the nutritional point of view, the essential
amino acid pattern is the most important property of
proteins. Satisfactory protein foods can be produced
from incomplete vegetable proteins by at least four
methods: (1) amino acid suppleme:itation, (2) sup-
plementation with other protein sources which have
a high biological value, (3) the appropriate combi-
nation of two or more proteins, which are deficient
by themselves, and (4) by combinations of the threc
previous methods.

Amino Acid Supplementation.—Appropriate sup-
plementation of vegetable proteins alone or combined
with synthetic amino acids has been shown to im-
prove their value for the growth of animals and to
increase the efficiency of utilization of dietary pro-
tein.1.2 The amount of the first limiting amino acid
that can be supplemented effectively is governed
mainly by the concentration of the second limiting
amino acid present in the food. Proper supplementa-
tion is achieved only when the amount of the first
limiting amino acid is in the correct proportion to
the amount of the second limiting amino acid and to
the rest of the amino acids, according to the needs of
the species. All other essential nutrients must be
present in the diet to assure full utilization of the



protein. Little practical use has been made of this
method for improving the human dict, although clini-
czl studies have demonstrated sizrifi:ant improve-
ments in nutritional quality of the 1o acid sup-
plemented protein for man.3-8
Supplementation With Other Pi.
second way in which the nutritiv.
quality vegetable protein can be -« vy increased
is by supplementation of the def protein with
small amounts of protein concentr..s which are rich
sources of deficient amino acids. i.ime-treated corn
has been supplemented wijth fish protcin concentrate
(FPC), with a 3% or a 4% add :ion of FPC sig-
nificantly improving the protein valu: of the corn
(Fig 1). This method of improving :he nutritional
value of some proteins results in formulations of high
quality protein. Although the meth:.| has been tested
quite extensively, it has been ap: ‘cd only in very

limited areas of the world.
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Fig 1. Improvement of the proicii: ciiiciency ratio
of lime-treated corn with fish flour (INCAP 60-70).

Combination of Two or More Proteins—The nu-
tritional value of proteins can also bc increased by
the proper combination of two or more poor protein
sources. A higher protein quality is obtained when the
amino acid pattern of one protein source comple-
ments the amino acid pattern of the other source.

When mixing two or more protcins, four types of
products can be formed. Theoretical lines represent-
ing these four types are shown in Figure 2. Type I
results from the mixture of two proteins of different
protein concentration, but with similar biological
value. The nutritive value of the protein in the com-
bination is equal to that of either cornponent.

Type II is a combination that results in a protein

value of the mixture equal to that of the component
of higher protein content, ihus, higher than the pro-
tein value of the ingredients of low protein content.

Type III is that which occurs when there is a
synergistic supplementation or when there is comple-
mentation of the two protein components being
mixed. The main charactcristic of mixtures of this
type is a protein value h.gher than that of either
ingredient alone.

Type IV is that in which the protein value is inter-
mediate between the protein value of either compo-
nent according to the proportion in which they are
combined.

Examples of the four types of mixtures are found
in the literature as reported by several investigators.
Figure 3 shows the biological results of studies in
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Fig 2. Theoretical lines rcpresenting four types of
protein combinations (INCAP 65-576).
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Fig 3. Nutritive value of combinations between corn
and peanut flour—Type I (INCAP 65-574).
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which combinations of corn and peanut proteins re-
sult in a Tvpe | mixture» These two proteins do

C sunniement cuch other because both are deficient
in lysine®il and pcanut protein is also deficient in
meihicnine.i! Tac relative excess of methionine in
corn protein is not enough to fill the deficiency of
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Fig 4. Nuitive value of combinations between corn
and coltoaseed dour—Type II (INCAZ2 §5-560).
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Fizg 5. INc&itive value of combinations between
ccoked wl.ci ueans and coltomseed flour—Type I
(ENCAPR 65-575).
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Fig 6. Nutritive value of combinations between cot-
tonsced flour and sesame four—Type IV (INCAP
65-579).
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n. ..onine in peanut protein; furthermore, the di-
v of lysine is relatively greater than that «f
meili.oiae,

Ao exampie of Type II combinations is given b/
mixit.es of corn and cottonseed protein as shown i.
Figurc 4. Cottonseed protein can be diluted up to
70% o 80% with corn protein without decreasin ;
tke »atein quality of the cottonseed flour. These rc-
st .5 .ic the basis for INCAP Vegetable Mixture 9.'*
Cottonseed protein is low in lysine, but it contains
more of this amino acid than corn protein. Cottor-
sced !lour, however, cannot supply all the lysine
necdodd to meet the deficiency of this amino acid in
cora .nd balance the other essential amino acids as
Wil

An example of a mixture in the Type III group is
showr in Figure 5. Black bean protein and cottonsced
combined in a protein ratio of 40:60, give a good
protein efficiency ratio of 2.34.10,13 In this situation,
the essential amino acids of one protein source com-
plement very closely the essential amino acid pattern
of the other protein component, resulting in a product
with a higher protein quality than either food source
fed alone.

Examples for the Type IV group are shown in
Figure 6. There is no supplementary effect between
cottonseed and sesame flour and the protein value is
proportionate to the amount of each ingredient in the
mixture.’® Mixtures within this group usually resuit
from the combination of foods having different pro-
tein values but a common essential amino acid de-
ficiency, although in differing degrees.

Formulation of Vegetable Protein Mixture

There are at least three practical methods by which
the p-otein in different foods can be combined in
order (o develop a mixture with a high protein quality,

One method is the mixing of two or more proteia
foods according to their respective essential amino
acid patterns in regard to a reference protein. For-
mulation of protein foods by this method usually takes
into consideration the fact that some proteins are
limiting in one or two amino acids which must be
supplied by a second protein. Although, theoretically,
it should be possible to arrive at good mixtures fol-
lowing this technique, the result is generally not th:
one expected because the availability of the amino
acids in the difierent food proteins is not usually
considered.

A second method for the formulation of mixtures
results from the data of studies on supplementatior,
such as shown in Table 1. In this particular case, 5
gm of FPC efliciently supplemented 20 gm of cotton-
seed protein at the 10% protein level in the diet.}}
If the level of total protein desired is, for example,
30%, the two basic figures should be multiplied by
3 resulting in a formula with 18% FPC and 60%
cottonseed protein concentrate. This method of for-
mulation, used at INCAP, has several advantages:
(1) the level of protein can be varied significantly,
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TADBLE 1.~SUPPLEMENTAT OF COTTCNSEED PROTEIN CONCENTRATE (CSF)

WITH ki

~OTEIN CONCENTRATE (FPC).*

Protein
conirol
Amouznt of Average gain amount Average gain
FPC 2dded in weight} PER% of CSF§ in weight PER}
Yo gm % g
U 101 2.22
2 132 2.56 3.2 120 1.98
- 144 217 6.4 133 2.03
€ 163 2.28 9.6 141 2.03
8 161 2.02 12.8 154 1.82

*All dicts contained 20% cottonseed flour.
TTweniy-eight day experimental period.
:Protcin efficiency ratio.

§Amount of CSF equivalent in nitrogen conicnt to the respective levels of FPC.

(2) the filler can be a simple or complex carbohydrate
or a food low in protein quality and uantity and
(3) the mixture of the two protein concentrates
alone can be used directly to supplemen: ;o.r Juality
protein diets.

The third method of formulating protein mixtures
has been developed from data obtained from bio-
logicul tests in which the amino acid p:  :r of one
protein complements the amino acid trn of a
second protein, such as replacing cotto:i-..ci. by soy-
bean protcins (Fig 7). It is apparent that obtaining
more 1han 40% of the dietary protein from soybean
does not improve the quality of the coiior-eed-soy-
bean mixture. Therefore, a protein wii: 61'% from
cottonsced and 40% from soybean can b. used as
the base for formulating other mixtures. ' : mixture
with 25% protein is required, it will cons:st of 57 gm
of cottonseed flour and 38 gm of soybear {iour as a
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I'ig 7. Nutritive value of combinations i.:tv-2an cot-
tonseed and soybean flour—Type II {NC .2 55-577).

good quality protein base. INCAP Mixture 15 was
formulated using the results sho~n in Fig 7.

Finally, the last method of formulating mixtures
is by means of amino acid sup; lementation, of pro-
tein supplementation, or both; iais method attempts
to improve the protein quality o formulas developed
by the previously discussed methods (Table 2). Using
INCAP Mixture 15 as the basic protein, amino acid
supplementation is used to improve the protein qual-
ity of the basic mixture.

It is obvious that it is possible, by following the
last three methods of incorporating vegetable pro-
teins, to arrive at food mixtures of excellent protein
quality.

Significance of Scientific Formulation

The main purpose in developing protein rich foods
from mixtures of vegetable and animal protein con-
centrates is to supply protein of good quality and
satisfactory quantity for supplcmentary feeding in
human diets. Mixtures should also contain other nu-

TABLE 2.—NUTRITIVE VALUE OF INCAP
FORMULA 15 SUPPLEMENTED WITH

AMINO ACIDS
Supplement Weight
Amino acid % of diet gained*  PERY}
7 gm
VM 15% 0 101 2.52
-+ L-lysine HCl 0.20 116 2.66
-+ L-lysine HCI 0.20
=+ DL-threonine 0.20 144 2.86
<+ DL-methionine 0.20

*Twenty-eight day feeding period.

tProtein efficiency ratio.

$19% CSF (cottonseed flour), 19% SBF (soybean
flour), 58% corn, 3% torula yeast, 1% calcium phos-
phate, 4,500 IU vitamin A per 100 gm.
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wmienis, particulurly those which are deficient in
Juuiay diets usually consumed in developing coi.-
tvies. It is essentiul for -these mixtures to have the
nlzhest nutritive value possible, if they are besi 1o
fuitil, their purposc.

Relereaces
1. Jensen, G, R., and Howe, E. E.: Amer J Clir e
15:262-274, 1964.
2, Roscnberg. H. R.: Protein and Amino Acid Nutri-
ton, A. A. Albanese (ed), New York, Academic :
Inc. pp 381-417, 1959.
3. Sericashaw. N. 8., et al: J Nurr 6§6:485-499, | .
<. sressani, .. et al: J Nutr 66:501-513, 1558.
5. Ibia: J N 70:176-186, 1960.

ibid: J Nutr 79:333-339, 1963.
'hid: J Nutr 806:30-84, 1964.
Ibid: J Nuir 81:399-404, 1963.
. Bressani, R. and Behar, M.: Proceedicz of the S
International Congress of Nutrition, Edirburgh, 19
E. & S. Livingstone, 1964.
10. Institute of Nutrition of Central America
Panama. (Unpublished data)
11. McOsker, D.: J Nutr 76:453-459, 1562.
12. Bressani, R.; Aquirre, A.; and Scrimishaw, N.|
J Nutr 59:351-355, 1959.
13. Bressani, R.: The use of cottonsccd protein|
humun foods. Food Technology (In press).
I=. Bressani, R.; Braham, J. E.; and Elias, L. J

O e =) T

Stpiementacion del maiz y de la tortilla con am
acidos. (Munuscript in preparation).

g e e g s T T

e



