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TABLE 11
Plant proteins in human nutrition: myths and realities

Myth

Reality

/

~

Plant proteins are *‘incomplete’” (ie lack specific amino acids)

2

~

Plant proteins are not as ‘‘good’’ as animal proteins

3

~

Proteins from different plant foods must be consumed together in
the same meal to achieve high nutritional value

Animal bioassay procedures are satisfactory indexes of the
human nutritional value of food proteins

Plant proteins are not well digested

4

~

5

~

6

~

Plant proteins alone are not sufficient to achieve an adequate diet
(protein intake)

7

~

Plant proteins are *‘imbalanced’” and this limits their nutritional
value

1

~

Usual dietary combinations of proteins are complete: specific
food proteins may be low in specific amino acids

Quality depends on the source and dietary mixture of plant
proteins: can be equivalent to high-quality animal proteins
Proteins do not need to be consumed at the same time, the
balance over a day is of greater importance

Animal bioassay procedures can be useful but they may
underestimate plant protein nutritional quality for humans
Digestibility can vary according to source and food preparation:
digestibility can be high

The intakes and balance of intakes of indispensable amino acids
and nitrogen are crucial and can be adequately met from plant
or plant and animal sources

7) There is no evidence that amino acid imbalances per se are
important; possible imbalances can be created by inappropriate
amino acid supplementation, but this is not a practical problem

2

~

3

~

4

~

5

~

6

-~

quirements. Consumption of complementary proteins at different
meals over the course of the day should assure the achievement
of an adequate state of nitrogen (protein) retention and utilization.
Therefore, an undue emphasis on amino acid balance at each
meal is inappropriate in the context of usual diets in healthy pop-
ulations.

Protein digestibility and amino acid availability

The nutritional value of a dietary protein source may not be
predicted with precision from a determination of its amino acid
content alone; several other factors can affect the utilization of
proteins. An important factor, which is frequently critical in the
feeding of simple-stomached farm livestock, is the digestibility
and availability of the protein and individual amino acids.

In general, the digestibility of vegetable proteins in their nat-
ural form is lower than that of animal proteins. Table 10 sum-
marizes results for the digestibility in human subjects of various
plant sources and of diets based on mixed plant-food sources.
Plant proteins are often consumed only after undergoing some
degree of preparation or processing. Although the effects of proc-
essing on protein quality and availability will not be reviewed
here, this factor deserves attention in an overall assessment of
plant foods for humans. For example, oil-seed flours may be
products of processes designed to economically recover the oil
from the seed. Such processes do not necessarily favor the effi-
cient recovery of high-quality protein. Cereals and legumes in-
tended for human feeding are cooked or processed to enhance
their palatability and acceptance. For example, wheat is used pri-
marily in bread, pasta, and breakfast-cereal-type foods. Thermal
processing methods that use high-temperature, short-time proc-
essing conditions, such as extrusion, microwave heating, puffing,
and spray drying, have been widely adopted. However, as a result
of such treatments, the nutritive value of the protein may be either
enhanced or reduced to an extent that depends on the protein
components in the food and factors such as the temperature, du-
ration of heating, and the presence or absence of moisture. Boil-
ing in water generally improves protein quality, whereas toasting
or dry heating reduces protein quality. Hence, it is difficult to
draw broad generalizations concerning the effects of various
processing and preparation conditions on the proteins and the

individual amino acids of plant foods. More basic work is needed
on the chemical and physical changes that occur in proteins under
these conditions and their nutritional effects to develop, in the
long-term, optimum procedures for the utilization of plant food
proteins.

Many plants contain numerous compounds that may cause un-
favorable physiological and clinical responses when eaten, in-
cluding diminished digestibility. Man has learned to avoid those
foods that produce immediate ill effects or has devised means of
eliminating the undesirable compounds from others. Often proc-
essing, or cooking, results in the destruction. inactivation, or less-
ening of these toxic compounds (antinutritional factors). but they
may not be sufficiently reduced to eliminate the health problem
entirely, particularly if novel plant foods are eaten more fre-
quently and over longer periods of time. Examples of some of
the factors present in various legume-seed protein sources and
their possible metabolic and physiologic significance are: amy-
lase inhibitors, which are found in most legumes and may inter-
fere with starch digestion: cyanogen. which is found in lima
beans and may cause respiratory failure: and tannins, which
are phenolic compounds found in most legumes and may form
less digestible complexes (45). In products that are com-
mercially available these factors do not pose any nutritional or
clinical problems. Nevertheless, they are important to consider
in the course of developing new and improved sources of plant
protein, for example, as in the case of new varieties and uses of
sorghum (46).

Summary and conclusions

In this brief review we have highlighted the value of plant
proteins in relation to human protein nutrition. We began with a
brief consideration of the contribution made by plant proteins to
the protein component of diets on a worldwide basis and also
within the United States. We then discussed the requirements for
protein and for indispensable amino acids in humans at various
ages, together with a short survey of the amino acid composition
of different plant-food protein sources. There is a large variation
in the contribution made by plant proteins to the availability and
intake of total dietary protein among populations both within the
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technically advanced regions of the world and between these and
developing regions. It can be shown from considerations of the
amino acid composition of the major food protein sources that
plant proteins are a major determinant of the lysine content of
diets worldwide (29, 30). This indispensable amino acid might
well be limiting, or marginal, in diets of some countries where
cereals, for example, wheat, are the predominant source of the
total dietary energy supply. However, modest amounts of higher-
lysine protein foods such as legumes or animal proteins, can have
a major and favorable impact on the protein nutritional quality
of such diets (30). Overall it can be concluded that mixtures of
plant proteins can serve as a complete and well-balanced source
of amino acids that effectively meet human physiological re-
quirements.

We present in Table 11 a list of myths and realities concerning
plant proteins in human nutrition. We have included in this list
a reference to amino acid imbalance (no. 7) that we did not con-
sider in any detail earlier, largely because we do not consider this
issue to be an important problem in practice (47). Considerable
and interesting experimental data have defined the nature and
mechanisms of dietary amino acid imbalances (48) and the un-
toward physiological consequences of an imbalance have been
observed in children during amino acid supplementation trials of
dietary protein (49). However, the suggestion that high leucine
intakes, as supplied by sorghum in regions of India, might be
etiologically significant in the pellagra that exists in these areas
(50) has not been substantiated by considerable additional inves-
tigation (47). Thus, we conclude that consumers do not need to
be at all concerned about amino acid imbalances when the dietary
amino acid supply is from the plant-food proteins that make up
our usual diets. Mixtures of plant proteins can be fully adequate
for meeting human requirements. From the standpoint of the
composition of a healthful diet, they serve as a desirable vehicle
for carrying nitrogen and indispensable amino acids to meet both
our needs and wants (Table 11, reality no. 6). a
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