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Soybeans and Soy Products
in the Feeding of Children

B. TORUN, Division of Human Nutrition and Biology, Institute of Nutrition of Central

America and Panama (INCAP), Guatemala, Guatemala

ABSTRACT

Soya products are used in infant formulas, hypoallergenic foods and
vegetable mixtures mainly because of their good protein quality.
They have good potential in feeding children from birth to adoles-
cence and seem to satisfy the needs for total nitrogen and essential
amino acids when ingested in adequate amounts. Other factors,
however, must be considered for their use. The availability of cal-
cium and phosphorous from soy formulas may be inadequate to
support for any length of time the rapid bone mineralization of
growing premature infants and should thus be fed to such infants
only for a few weeks as therapeutic agents rather than as routine
feeding formulas. Allergy to soya exists and may be serious, espe-
cially among infants with severe allergy to cow’s milk. Industrial
processing may affect the quality of soya protein and it can produce
allergenic substances in some protein foods. Thus, it may be neces-
sary to evaluate the overall nutritional quality of new soya products
before recommending their use. The effect of methionine supple-
mentation on soya protein quality is not clear but it may be advis-
able in infant formulas. Soybean protein has great advantages when
it is part of a food or a food system, particularly those based on
cereal grains. Finally, the prevention by soya formulas of diarrhea
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induced by phototherapy is interesting, but its overall metabolic
implications need further study.

INTRODUCTION

The increase in soya production in many parts of the world
(1) and advances in food technology (e.g., review in ref. 2)
have resulted in the appearance of many soybean-based
products in the food market and more are certain to be-
come available in future years in industrialized and develop-
ing countries of the world. Their use in infants formulas,
hypoallergenic foods and vegetable protein mixtures, as
well as protein supplements, mainly reflects the good pro-
tein quality of soybeans. Although limited in sulfur-amino
acids, when soya protein is fed in adequate amounts, it
can satisfy in humans of all ages needs for total nitrogen
and essential amino acids. This was discussed in more detail
elsewhere in this conference (3). This paper presents a brief
review of the nutritional implications of the use of soy-
beans and soya products in the feeding of children.
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PREMATURE INFANTS

Soya-based formulas for feeding of infants were designed
and are used primarily to replace milk or milk-based for-
mulas in the diets of children who are allergic or intolerant
to milk. Premature babies of low gestational age have lower
lactase activity at birth than full-term newborns. This fact
and the apparent relationship between the incidence of
necrotizing enterocolitis and the ingestion of formulas with
high osmolality have prompted some neonatologists to pre-
scribe soya formulas with low osmolality for the feeding of
low-birth-weight infants. The Clinical Research Conference
(4) was held recently to assess nutritional adequacy of a
formula based on isolated soya protein supplemented with
L-methionine (Isomil, Ross Laboratories) for the feeding of
low-birth-weight babies. Comparisons were made with a
cow’s milk formula with similar protein, energy, mineral
and vitamin contents. Among the results of the investiga-
tions reported in that conference were: (a) infants with
birth weights between 1,000 and 1,750 g and gestational
ages less than 34 weeks grew less with the soya-formula in
one study (5), but there were no differences related to the
feeding formulas in other investigations (6,7); (b) nitrogen
balances were highly positive (mean values 356 and 503 mg
N/kg/day in two different studies [7,8]) and they did not
differ from the milk formula, but retention was 62% of the
soya nitrogen intake compared with 70% of the milk N
intake; (c) the variability of the results from calcium and
phosphorous balance studies was greater with the soya than
with the milk formula. Absorption of calcium and phospho-
rous from Isomil and other soya-based formulas was less
than that from milk formula (9). It seemed that the avail-
ability of those minerals from soya formulas may not be
adequate to support for any length of time the rapid bone
mineralization of growing, low-birth-weight infants; (d)
infants fed the soya formula developed fewer complications
related to the gastrointestinal tract than infants fed the
milk formula.

The consensus of the Conference was that soya for-
mulas could be fed to low-birth-weight infants for short
periods of time (2-3 weeks), handling them as therapeutic
agents in managing premature infants, rather than as rou-
tine formulas for long-term feeding.

TABLE 1

FULL-TERM INFANTS

The adequacy of formulas based on soya proteins to feed
full-term infants has been documented in many studies
(10-21). Although in some of those studies it was not
mentioned whether the formulas were fortified with me-
thionine and the role played by the addition of that amino
acid is not completely settled, as discussed in another sec-
tion of this conference (3), it is generally accepted that
formulas based on soya protein promote growth and/or ni-
trogen retention of infants to the same extent as do milk-
based formulas. Figure 1 in the paper presented in this
conference by Torln et al. illustrates a study which failed
to show an effect of methionine supplementation on the
good N retention and growth rate supported by a formula
based on a soya protein isolate and fed at a level of ca. 2.5 g
protein/kg/day, although supplemented infants had lower
concentrations of urea nitrogen in serum.

The use of a soya-rice-egg mixture as a milk substitute
to feed infants in the People’s Republic of China was re-
cently presented in a workshop on protein and energy re-
quirements (22). Feeding experiments with 100 infants
using the formula with 28% soybean meal shown in Table I
resulted in a growth-promoting effect similar to that of
human or cow’s milk. Metabolic balance studies were also
conducted with 9 full-term infants between the ages of 1
and 7 months. They were fed the formulas shown in Table
1, either alone or supplemented with 3 drops of cod liver oil
(1,500 1U vitamin A and 500 IU vitamin D), during 5 se-
quential periods of 21-28 days each. Growth was adequate
with all diets. Watery stools were passed more frequently
with the milk than with the experimental diets; fecal bulk
was ca. 30% greater with experimental diets. Table II sum-
marizes the metabolic balance results. Although the soya-
rice-egg diets had lower N digestiblity than the milk for-
mula, at the levels of protein intake used in these studies
(4.1-4.6 g/kg/day and 5.4 g/kg/day for the high protein
diet), the amounts of dietary nitrogen that were retained
did not differ among diets.

In addition to the advantages of soya formula for the
feeding of infants who are allergic or intolerant to milk, its
application in feeding jaundiced infants undergoing treat-
ment with phototherapy has recently been postulated (23).

Dietary Formulas Used in the People’s Republic of China

to Feed Infants 1-7 Months Old2

Dietary formulas

Milk Soya High-soya-protein
Whole cow’s milk powder 71.5P
Soybean meal 28.0 43.0
Rice meal 45.0 30.0
Cane sugar 28.5 16.5 16.5
Egg yolk Powder 5.0 5.0
Soybean oil 3.0 3.0
Degelatinized bone meal 1.5 1.5
Fermented millet 0.5 0.5
Salt 0.5 0.5
Protein 18.5 16.6 22.6
Fat 19.6 12.8 15.5
Carbohydrate 55.9 62.9 53.8
Crude fiber 0 0.7 0.9
Ash 4.0 3.2 3.9
Moisture 2.0 3.8 3.2
Total energy 474¢ 433 445

2Tabulated from data of Chou et al. (22).

bAs g/100 g of dry weight, except for total energy.

€As kcal/100 g of dry weight.
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It was known (24) that phototherapy reduces jejunallac-
tase activity which results in loose stools when breast milk
or cow’s milk formulas are fed. Sisson (23) investigated
whether the diarrhea secondary to phototherapy could be
prevented if a soya-based formula without lactose was used
to feed the babies. He studied the effects of a soya-based
formula (Isomil, Ross Laboratories) and of a milk formula
(Similac, Ross Laboratories) in normal infants, infants who
were jaundiced but did not require phototherapy and jaun-
diced infants who received that treatment. Table III shows
that the soya-based formula prevented the diarrhea and the
appearance of reducing substances in stools. It is notable,
however, that tolerance tests after feeding 1.5 g lactose/kg
in 2 15% solution were normal during phototherapy in chil-
dren who were fed the soya formula. It was speculated that
the enzyme lactase in concert with the substrate may be
more susceptible to phototherapy than it would be without
the substrate. Although there is not a satisfactory explana-
tion for that observation and it was also suggested that the
transient diarrhea (normal stools appeared ca. 24 hr after
dicontinuance of phototherapy) may be one of the benefi-
cial effects of phototherapy because it might increase biliru-
bin losses, this potential use of soya-based formulas is very
interesting and its theraputic implications should be further
explored.

PRESCHOOL CHILDREN

Several metabolic balance studies conducted in well-nour-
ished children 1-7 years old (e.g., refs. 25-29) have shown

TABLE 11

that diets with soya products as the only or main source of
protein allowed adequate nitrogen retention and growth, at
least for the duration of those relatively short-term investi-
gations. The conclusions drawn from such studies, as re-
cently reviewed (30,31), were that protein quality was com-
parable to that of milk, especially when well processed soya
products were fed in adequate amounts to satisfy the
children’s nitrogen and amino acid needs. Methionine sup-
plementation was used in some studies and its importance is
debatable, as already mentioned and discussed elsewhere in
this conference (3). Choline supplementation of soya pro-
tein fed to preschool children is unnecessary (28), in con-
trast to the findings of studies where diets limited by their
methionine content were fed to growing rats and chicks.

Vegetable mixtures with soya as one of their major pro-
tein sources have also been used with very good results.
Table IV summarizes the nitrogen retentions from predom-
inantly vegetable mixtures and compares them with reten-
tions from milk fed at equivalent levels of protein intake to
the same or similar children. Except for the children stud-
ied by Huang et al. (32), all were between 1.5 and 5 years
of age. When diets were given in amounts that satisfied N
needs—at least based on short-term N balance studies—there
were no differences between the milk and soya-containing
diets.

Diets based on soya products or with soya as one of
their protein sources have also been used successfully in the
feeding of preschool children with protein-energy malnutri-
tion (e.g., refs. 38-41, and Torun and Viteri, unpublished
observations).

Summary of Metabolic Results with the Diets Shown in Table I

(average values for 9 infants)2

Dietary formulas

With cod liver oil

Mitk Soy Milk Soya High-soy-protein
Age (days) 73 73b 111 111b 144
Body weight (kg) 5.12 5.26 6.21 6.17 6.83
Energy intake (kcal/kg/day) 112 117 107 108 106
Nintake (mg/kg/day) 698 732 663 667 864
N retention (mg/kg/day) 193 196 159 162 196
Apparent N digestibility (%) 90 77 93 81 82
3Tabulated from data of Chou et al. (22).
bMilk diet preceded soy diet in 4 infants.
TABLE II1
Abnormal Stools and Lactose Tolerance Tests in Jaundiced Infants
Undergoing Phototherapy (PTx)2
Reducing
No. of Abnormal substances Abnormal
Formula group infants stools in stools LTTb
Control
Soya formula 10 oc 0 1
Milk formula 12 2 1 1
Jaundiced
Soya formula 10 1 0 0
Milk formula 10 1 1 1
Jaundiced and PTx
Soya formula 13 0 0 2
Miik formula 20 17 15 16

AFrom Sisson (23).

bAbnormal lactose tolerance test = rise in
gastric administration of 1.5 g lactose/kg,
¢Number of children.
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TABLE IV

Calculations from Some Studies with Vegetable Mixtures
Containing Soya Proteins Fed to Well-Nourished Children

Nitrogen retention

Proportions of protein Protein 9 .
foods in vegetable Age intake (% of intake)
mixtures (months) (g/kg/day) Veg. mix Milk Reference
Soya 75/rice 25 9a 3.62 24.12 24.92 (32)
Soya 10/mixed diet 90b 20 2.2 22.1 21.4¢ (33)
Soya 9/mixed diet 91d 30 2.2 25.5 19.7¢ (34)
Soya 40/corn 60 42 1.5 28.3 23.1 (353)
Soya 20/cottonseed 20/corn 60 29 1.5 20.5 23.1 (35)
Soya 8/lysine 0.15/corn 98 30 1.2 16.2 19.5 (36)
Soya/cassava 30 1.5 25.9 23.1 (37)
Soya/sorghum 38 1.5 28.0 23.1 (37)
Soya/rice 45 1.5 23.9 23.1 37)

2Mean values, n = 4-6 children.

bRice, beans, potatoes, milk.

CMilk, instead of soya, added to the mixed diet.
dRice, beans, potatoes, corn.

OLDER CHILDREN

Studies done with school-age girls (42) and in adolescents
(43), mainly to assess the effects of supplementing soya
protein with methionine, indicated that nitrogen balance
can be achieved with relatively low intakes of supplemented
soya protein. There is no reason to believe that the nutri-
tional quality of soybean proteins would be worse for
school-age and adolescent children than for younger chil-
dren—as already reviewed—or adults—as reviewed elsewhere
in this conference (3).

ADVERSE REACTIONS TO SOYBEANS
AND SOYA PRODUCTS

The evaluation of real and potentially undesirable effects of
soya must be included in the assessment of its overall nutri-
tional quality. This is especially an important'considera-
tion in the feeding of children, because some of the undesir-
able effects are more likely to occur among them and may
result in more serious implications than in adults.

Even though soya protein is frequently used as a milk
substitute for infants allergic to cow’s milk or intolerant to
lactose, soya can also be a primary cause of allergy (e.g.,
review in ref. 44). It seems that sensitization to soybeans
can occur not only during extrauterine life but also in the
prenatal period: Kuroume et al. (45) reported that 5 new-
borns developed eczema upon first postnatal contact with
soybeans, apparently a result of intrauterine sensitization.
Halpern et al. (46) reported an incidence of allergy or intol-
erance to soya products as high as 0.5% among 1,753 chil-
dren in the first 6 months of age. The main symptoms
include diarrhea, vomiting, weight loss, fever and, in some
cases, hypertension and lethargy. A syndrome clinically
similar to neonatal necrotising enterocolitis with vomiting,
bloodstained stools and villous atrophy has been reported
(47-48) in infants who had similar symptoms when fed
milk formula. Therefore, it is advocated that infants with
severe allergy to cow’s milk should be monitored closely
when a soya protein is introduced in their diets.

Substances that have been called “antigrowth* or “‘anti-
nutritional” factors have been identified in raw soybean
meal, and these are more of a problem in animal than in
human nutrition. the main antinutritional factors are pro-
teins such as trypsin inhibitors and hemagglutinins which
are readily inactivated by moist heat. Therefore, cooking
and/or several industrial processes reduce or eliminate them
during the preparation of soy products for human con-

sumption. These and other alleged antinutritional factors
are a part of several reviews (e.g., refs. 44,49) and they are
addressed in other presentations in this conference.

The production of lysinoalanine during the alkaline
treatment for the commercial processing of some soy pro-
tein products does not seem to represent a toxicological
problem in the human diet. This issue is addressed in more
detail in another section of this conference (50).
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Soy Protein in Feeding the Elderly

D.A. COOK, Department of Nutritional Science, Mead Johnson Nutritional Division,

Evansville, IN 47721

ABSTRACT

Protein needs of the elderly may be moderately higher than those of
younger adults when expressed as a percentage of total calories.
Most experts recommend an intake of ca. 0.8 g protein/kg/day or
ca. 12-15% of the total calories. Soya protein appears to be as good
as animal protein in meeting the amino acid and protein needs of
adult humans when consumed in adequate quantities. Attention
must be given to the appropriate heat treatment and processing of
soybeans to inactivate non-nutritional factors. The mineral and
vitamin content of the diet should be monitored, because some of
these nutrients may be altered or removed in the preparation of
soya protein fractions or isolates for use in food products. Further
research is needed to fully identify the nutritional requirements of
the elderly, especially as affected by disease, trauma and drugs. In
addition, nutrient interaction and bioavailability should be studied
in foods which are processed by new techniques.

INTRODUCTION

Aging is a normal physiologic process which continues from
birth to death. Typically, those in the U.S. population over
65 years of age are categorized as elderly. As the average
life expectancy increases, the elderly constitute an ever
increasing proportion of the total population. It is esti-
mated that the elderly currently account for ca. 15% of the
U.S. population, and this is projected to increase to ca. 20%
by the year 2000.

The health and nutritional status of the elderly are of
special concern. The elderly comprise a disproportionate
share of hospital admissions; ca. 25% of the eldetly in
the U.S. are admitted to hospitals each year. The elderly
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also make more visits to their doctors than do younger
persons, and about one in every 20 are in institutions
for long-term care. These and other factors are important
considerations in assessing the nutritional status and the
utility of various foods and nutrient sources in the care of
the elderly population.

FOOD INTAKE AND NUTRITIONAL STATUS
OF THE ELDERLY

Food intake and nutritional status of the elderly are
affected by a number of factors which are associated with
aging. As aging progresses, normal physiologic changes
occur. Functional renal capacity declines, muscle tone and
strength decrease, basic metabolic rate and cardiac index
decline and physical activity is commonly reduced. The
elderly may tire more easily, get less exercise and therefore
have lower caloric needs than younger persons.

Reduction in gastric secretions may affect dietary iron
and vitamin By, requirements, because stomach acid
enhances iron absorption and the intrinsic factor secreted
by the stomach is needed for By, absorption. However, the
absolute daily requirements for protein, vitamins and
minerals are not significantly affected by age. The primary
implication of these physiologic changes is that the elderly
may need a diet which, except for energy, is comparatively
rich in nutrients.

A decrease in glucose tolerance is a common metabolic
change in the elderly. Although this can be overcome in
many cases by reduction in body weight, this is often



