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The importance of milk and other animal-source foods 
for children in low-income countries

Abstract

Background. Milk and other animal-source foods are 
concentrated dietary sources of macro- and micronu-
trients. Despite a global increase in milk production 
and consumption over the past decades, milk and other 
animal-source foods are often lacking in the diets of 
children in developing countries. 

Objective. To evaluate the importance of milk and 
other animal-source food intake in promoting the growth, 
development, and health of children in low-income 
countries.

Methods. Original research articles describing obser-
vational and intervention studies with unfortified milk, 
fortified milk, and other animal-source foods in children 
were identified by searching the PubMed database.

Results. Consumption of milk and other animal-
source foods by undernourished children improves an-
thropometric indices and cognitive function and reduces 
the prevalence of biochemical and functional nutritional 
deficiencies, reducing morbidity and mortality. Unforti-
fied and fortified milk used in supplementation trials 
has been well tolerated and widely accepted by parents 
and children.

Conclusions. To improve the dietary quality of chil-
dren in low-income countries and further the effort to 
eradicate extreme poverty and hunger in accordance with 
the United Nations Millennium Development Goals, ad-
ditional research is necessary to identify and implement 
programs and policy supporting increased intake of milk 
and other animal-source foods. 

Key words: Animal-source foods, children, develop-
ing country, growth, milk

Introduction

The consumption of milk and other animal-source 
foods in low-income countries is often very limited. 
Animal-source foods provide less than 5% of total 
energy intake in many countries of sub-Saharan Africa, 
5% to 10% in most other African countries and south-
ern Asia, 10% to 15% in eastern and northern Asia 
and Mexico, and 20% and more in the United States, 
Canada, Europe, and Australasia [1]. Plant-based diets 
are high in phytate and fiber and are lower in energy 
density, provide poorer-quality protein, have low levels 
of absorbable iron and zinc, are devoid of vitamin B12, 
and cause reduced bioavailability of calcium and other 
minerals [2–3]. 

Milk and meat differ in their micronutrient contents. 
Milk contains more vitamin B12, vitamin A, riboflavin, 
folate, and calcium but is low in iron [4], and meat is a 
rich source of heme iron, zinc, riboflavin, and vitamin 
B12 (table 1) [5]. 

Vitamin B12 is found only in animal-source foods, 
explaining the high prevalence of deficiency in most 
developing countries [9]. Milk is a particularly impor-
tant form of animal-source food, since it is intended for 
nurturing the young, a population group at high risk for 
nutritional deficiencies in many low-income countries. 
Milk promotes growth by providing energy, protein, 
and micronutrients and by stimulating growth factors. 

Global prevalence of micronutrient 
deficiencies

Animal-source foods are a rich source of iron, vitamin 
A, zinc, and iodine, the micronutrients with the high-
est global prevalence of deficiency. A World Health 
Organization (WHO) review of nationally representa-
tive surveys from 1993 to 2005 indicates that 47% of 
preschoolchildren worldwide suffer from anemia. 
Iron deficiency, the main cause of which is low con-
sumption of meat, poultry, and fish, is assumed to be 
the etiology of 50% of anemia cases globally and in 
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malaria-endemic regions [10–11]. Vitamin A deficiency 
is a significant public health problem globally, with an 
estimated 33% of preschoolchildren deficient. In sub-
Saharan Africa and South East Asia, more than 40% of 
preschoolchildren are vitamin A deficient [12]. Food 
sources of preformed vitamin A include milk, eggs, and 
liver. Zinc deficiency across subregions of the world is 
estimated to affect 5% to 79% of children under age 
five, with the highest prevalence in South Asia and 
Sub-Saharan Africa [13]. Meat and dairy products are 
good sources of zinc. Nationally representative data on 
urinary iodine collected worldwide between 1997 and 
2006 suggest that 31.5% of school-age children have 
insufficient iodine intake, with the highest prevalence 
of insufficiency in Europe, the Eastern Mediterranean, 
and Africa [14]. Although the iodine concentration of 
milk varies widely depending on the iodine content 
of water and animal feed, season, and use of iodine as 
a disinfectant of udders and milking tools, studies in 
many countries have found that cow’s milk is a relevant 
source of dietary iodine [15–21]. 

Important constituents of cow’s milk for 
children

Among animal-source foods, milk is believed to play 
a unique role in promoting children’s growth and 
development. Consumption of cow’s milk is a relatively 
recent phenomenon that dates back to the beginning of 
animal domestication [22]. Given that milk is intended 
to support the growth and development of nursing 
mammals, it has been hypothesized that consumption 

of cow’s milk during childhood will have a positive 
impact on linear growth [23]. This process may be 
driven by the energy or protein content, by specific 
micronutrients or their combination, or by other fac-
tors present in milk. 

Milk is a rich source of energy and protein, provid-
ing 34 to 61 kcal (depending on fat content) and ap-
proximately 3.2 g of protein per 100 g [4]. In developing 
countries, where diets are often nutrient deficient, 
intake of animal-source foods, including milk, has 
stimulated linear growth and weight gain in infancy, 
childhood, and adolescence. Although energy and 
high-quality protein contribute to the stimulation of 
growth, evidence suggests that these effects are medi-
ated by other factors present in milk [22, 24]. 

Milk supplies children with multiple micronutrients 
important for growth and development. Per 100 g, un-
fortified whole cow’s milk provides 0.45 μg of vitamin 
B12, 46 retinol activity equivalents (RAE) of vitamin 
A, 0.17 mg of riboflavin, 5 μg of folate, and 113 mg 
of calcium [4]. Low intakes of animal-source foods, 
including milk, were associated with inadequate vi-
tamin and mineral intakes in a multicountry study of 
preschoolers aged 18 to 30 months in Egypt, Mexico, 
and Kenya [25–26].

Aside from alleviating some common micronutrient 
deficiencies, consumption of micronutrients from milk 
predicts weight and height gain. In Kenyan school-
children, both height and weight gain were positively 
predicted by average daily intakes of vitamin B12, pre-
formed vitamin A, and calcium provided in milk (or 
meat) supplements [27]. 

Calcium, including calcium from milk, has been 

TABLE 1. Nutrient contents of 100 g of whole cow’s milk and cooked beef compared with selected 
daily RDAs for childrena

Nutrient
Cow’s 
milkb Beefc

Age group (yr)

1–3 4–8 9–13 14–18

Energy (kcal) 61 291 1,000 1,200–1,400 1,600 (F)
1,800 (M)

1,800 (F)
2,200 (M)

Protein (g) 3.2 26.4 13 19 34 52
Calcium (mg) 113 9 700 1,000 1,300 1,300
Vitamin B12 (μg) 0.45 2.47 0.9 1.2 1.8 2.4
Vitamin A (RAE) 46 0 300 400 600 700 (F)

900 (M)
Riboflavin (mg) 0.17 0.22 0.5 0.6 0.9 1.3
Folate (μg) 5 7 150 200 300 400
Iron (mg) 0.03 2.68 7 10 9 11 (F)

15 (M)
Zinc (mg) 0.37 6.0 3 5 8 9 (F)

11 (M)
Iodine (μg) 20 18 90 90 120 150

RAE, Retinol Activity Equivalent; RDA, Recommended Dietary Allowance
a. Nutrient contents except iodine are from USDA National Nutrient Database for Standard Reference [4]. Iodine 

values from Pennington et al. [6]. RDAs are from Food and Nutrition Board, Institute of Medicine [7–8]. 
b. Whole cow’s milk, 3.25% milkfat, without added vitamin A and D, per 100 g [4].
c. Composite of trimmed retail cuts, separable lean and fat, trimmed to 1/8 inch fat, all grades, cooked, per 100 g [4].
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associated with bone mineral accretion in children. In 
Hong Kong, 9- and 10-year-old children randomized to 
receive milk powder equivalent to 1,300 mg/day of cal-
cium for 18 months had a significantly greater increase 
in total hip and spine bone mineral density (BMD) 
compared with controls, while those randomized to re-
ceive 650 mg/day of calcium had a significantly greater 
increase in whole body BMD compared with controls 
[28]. Other studies have also found an association be-
tween milk or calcium intake and bone mineralization 
in children and adolescents [29–33]. The misconcep-
tion that calcium in milk impairs iron absorption is 
widespread in the scientific literature, arising from the 
results of single-meal studies conducted in the 1970s 
[34]. However, more recent multiple-meal and longer-
term absorption studies show no significant effect of 
calcium intake on iron absorption or iron nutritional 
status in children or adults [35, 36]. 

In addition to macro- and micronutrients, an im-
portant attribute of cow’s milk is that it stimulates 
growth factors. One of three ligands in the insulin-like 
growth factor (IGF) family of growth factors, IGF-1 is 
the most abundant in bone and facilitates growth by 
increasing uptake of amino acids, which are integrated 
into new proteins in bone tissue [37]. Although the 
results of intervention and observational studies in 
children are not entirely consistent and are lacking in 
developing countries, there is reasonable evidence that 
milk consumption increases circulating concentrations 
of IGF-1. A significant increase in serum IGF-1 was 
observed in 82 British girls aged 12 years consuming 1 
pint (568 mL) of milk daily for 18 months after adjust-
ment for pubertal status [30], and in 24 Danish boys 
aged 8 years consuming 1,500 mL of milk daily for 1 
week [38]. IGF-1 was positively associated with milk 
or dairy intake in 521 British children 7 and 8 years 
of age [39] and in 90 Danish children aged 2.5 years 
[40], but not in 105 Danish children aged 9 months 
and subsequently aged 10 years [41]. Potential factors 
in milk that may stimulate IGFs, including IGF-1 and 
insulin, are casein, branched-chain amino acids, cal-
cium, and zinc [22]. 

Linoleic acid (LA; n-6) and α-linolenic acid (ALA; 
n-3) are polyunsaturated fatty acids (PUFAs) essential 
for humans. Both are precursors for endogenous syn-
thesis of long-chain polyunsaturated fatty acids (LC-
PUFAs), which are components of cellular membranes 
in the nervous system and necessary for the synthesis 
of arachidonic acid (AA; n-6) and docosahexaenoic 
acid (DHA; n-3). Breastmilk and vegetable oils con-
tain considerable amounts of PUFAs and LC-PUFAs, 
whereas cow’s milk contains very small amounts of 
PUFAs and practically no LC-PUFAs [42]. However, 
the LA:ALA ratio of cow’s milk is favorable and may 
actually promote tissue DHA synthesis [43]. One study 
comparing breastmilk, formula, and cow’s milk fed to 
full-term infants found the highest levels of DHA in the 

breastfed group, but higher levels of DHA in the cow’s 
milk than in the formula group [44]. 

Conjugated linoleic acid (CLA), a PUFA naturally 
synthesized from LA in ruminants, comprises 0.1% to 
1.1% of ruminant animal fat and has been associated 
with decreased fat mass accretion when supplemented 
in young mice [45, 46]. Although intake from naturally 
occurring CLA in dairy and meat products is minimal, 
a double-blind, placebo-controlled trial supplementing 
overweight or obese children aged 6 to 10 years with 
2.4 g/day of CLA in chocolate milk for 7 ± 0.5 months 
found a significant reduction in total, abdominal, and 
peripheral body fat percentage compared with controls 
[47].

Substitutes for cow’s milk

In some developing countries, goats, sheep, or buffalo 
are more accessible as household livestock than cows. 
Cultural beliefs surrounding the nutritive and medici-
nal properties of milk produced by various mammals 
may make its consumption by children more or less 
desirable. In the Gursum community in Ethiopia, for 
example, goat’s milk is highly valued and is often given 
to children as a supplement to breastmilk [48]. Except 
for its higher content of medium-chain fatty acids, the 
macronutrient composition of goat’s milk is similar to 
that of cow’s milk, and it has been used successfully as 
an alternative to cow’s milk for short-term rehabilita-
tion of undernourished children in Madagascar [49]. 
However, goat’s milk is known to be deficient in folate 
and infants fed exclusively with goat’s milk present with 
megaloblastic anemia of folate deficiency [50–52]. The 
milk of other mammals, including sheep and buffalo, is 
similar to but slightly higher in protein and fat content 
than cow’s milk [4, 53]. 

Studies investigating the impact of milk 
and other animal-source foods in children’s 
diets

To consider the impact of milk and other animal-source 
foods on growth, cognitive performance, micronutri-
ent status, physical activity, and additional outcomes, 
original research articles describing observational and 
intervention studies were identified by searching the 
PubMed database. Search terms included “children,” 
“preschool,” “school,” “milk,” “meat,” “fish,” “egg,” 
“animal source food,” “fortified,” “growth,” “anemia,” 
“intervention,” and “supplementation.” Inclusion crite-
ria were broadly defined as observation of or interven-
tion with unfortified or fortified milk, meat, or other 
animal-source foods in children less than 18 years of 
age. Studies were excluded if they were carried out in 
pregnant girls, hospitalized children, or populations 
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selected for the presence of disease.

Observational studies

In general, there is little doubt that infants and young 
children who receive inadequate amounts of animal-
source foods usually have poorer growth, cognitive 
performance, and motor function. Older studies of the 
adverse effects of macrobiotic diets on child develop-
ment in The Netherlands are informative in this regard, 
because such diets were similar to or poorer than those 
of some children in developing countries. In addition, 
these studies had less confounding by illness caused by 
poor sanitation than would occur in developing coun-
tries. Compared with omnivorous controls, children 
consuming macrobiotic diets had significantly lower 
intakes of protein, fat, calcium, riboflavin, vitamin 
B12, and vitamin C. Although birthweights were lower 
(3,290 vs. 3,470 g), growth was normal until 4 months, 
at which point it declined dramatically (13.2 cm/year 
compared with 16.7 cm/year in controls). Growth sta-
bilized at 16 months, but there was no catch-up later 
[54]. Children from these families who consumed dairy 
products three times a week grew better than those who 
consumed them rarely. The macrobiotic infants had 
substantially higher prevalence rates of iron deficiency, 
riboflavin deficiency, vitamin B12 deficiency, anemia, 
and rickets [55]. Macrobiotic infants had delays in 
gross motor development and in speech and language 
development. In early adolescence, vitamin B12 status 
and cognitive function were still poorer than in con-
trols, even though parents had heeded advice to feed 
animal-source foods, starting at the age of 6 years on 
average [56].

From analysis of Demographic and Health Survey 
data from seven countries in Latin America, milk in-
take was significantly associated with better length- and 
weight-for-age z-scores in all countries, whereas meat 
intake showed this association in only one country. 
However, it is possible that the range and amount of 
meat intake were inadequate to reveal any associa-
tions with usual consumption [57]. In rural Kenya, for 
example, there was no association between usual in-
take of animal-source foods, which was very low, and 
adequacy of micronutrient intake in schoolchildren 
until additional animal-source food was added to the 
diets (Allen et al., unpublished data). Usual intake of 
animal-source foods, expressed as percentage of total 
energy, was the main predictor of many outcomes in 
the observational Nutrition Collaborative Research 
Support Program (NCRSP) conducted in Egypt, Kenya, 
and Mexico during the 1980s, including child growth, 
affect, cognitive function, physical activity, and mi-
cronutrient status [58]. In an earlier study in Kenya, 
animal protein intake at 18 to 30 months of age was a 
stronger predictor of cognitive function 5 years later 
than was total protein intake, although associations 

with milk vs. meat were not analyzed separately [59]. 
Similar results were found among Egyptian children 
[60]. In Peru, linear growth between 12 and 15 months 
of age was positively associated with intake of animal-
source foods in children with a low intake of comple-
mentary foods, but again there was no separation of 
milk and meat in the analysis [61]. In Nepal, children 
with high meat or fish intake at 13 to 24 months of age 
were significantly less likely to present with vitamin A 
deficiency–associated xerophthalmia at 1 to 6 years of 
age [62].

Intervention trials

A limited number of randomized, controlled interven-
tion trials have been performed to determine the effects 
of adding animal-source foods to the diets of young 
children. An older review of the efficacy of different 
animal-source food interventions concluded that sup-
plements containing at least some dried milk improved 
children’s growth in 12 of 15 studies [63]. Outcomes 
usually measured include weight-for-age and height-
for-age z-scores, micronutrient status, cognitive per-
formance, and/or level of physical activity. The studies 
described here are presented by type of intervention 
design, in so far as possible (tables 2 and 3).

Interventions with milk, meat, or fish vs. a nonintervention 
or equicaloric control 

Surprisingly few investigators in developing countries 
have fed milk to one group of children and compared 
the outcomes with those in a nonintervention or 
equicaloric control group. In the 1960s, the benefits of 
feeding 75 g of skim milk or 30 g margarine daily with 
a control diet were evaluated in New Guinea school-
children [64]. After 13 weeks, height increased by 2.3 
cm in the milk group compared with 1.1 and 1.0 cm in 
the control and margarine groups. 

A well-designed study was conducted in rural Kenya 
[84]. Equicaloric (≈ 250 kcal/day) supplementation of 
544 children aged 5 to 14 years (median, 7.4 years) with 
traditional maize- and bean-based porridge (githeri) 
containing additional oil, meat, or milk over seven 
consecutive school terms (2.25 years) significantly in-
creased weight gain compared with a nonsupplemented 
control group [85]. Milk supplementation had a signifi-
cant effect on height gain in those children who were 
younger and already stunted, whereas meat did not im-
prove height gain. In an analysis taking into account the 
total food intake of the children and controlling for sex, 
age, and socioeconomic status, growth was positively 
predicted by energy and nutrients provided in bioavail-
able forms from milk and meat. Both height and weight 
gain were positively predicted by average daily energy 
intake from animal-source foods, heme iron, preformed 
vitamin A, calcium, and vitamin B12, whereas gain in 
muscle mass was predicted by average daily energy 
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intake from animal-source foods and vitamin B12 [27]. 
Children in the meat, energy, and milk groups gained 
significantly more mid-upper-arm circumference (0.33, 
0.27, and 0.19 cm, respectively) than did children in the 
control group. Mid-upper-arm muscle area increased 
significantly more in the meat group than in the milk 
and energy groups, and moderately more in the milk 
and energy groups than in the control group [85]. 

Plasma vitamin B12 increased significantly in both 
the milk and meat intervention groups; the prevalence 
of combined severe and moderate deficiency (plasma 
vitamin B12 < 221 pmol/L) after 2 years of intervention 
fell from 80.7% to 64.1% in the meat group and from 
71.6% to 45.1% in the milk group, but did not fall in the 
control group [65]. No improvement was found in the 
status of other micronutrients in the same intervention 
groups, although changes may have been obscured by 
malaria and other infections [5]. 

An intervention study in Guatemala investigated 
the feasibility and efficacy of supervised equicaloric 
supplementation of children with meat vs. fruit and 
vegetables containing added vitamin B12, vs. fruit and 
vegetables alone, 5 days a week from 12 months of age. 
At the end of the 9-month intervention, there were no 
significant differences among the groups in growth, 
hemoglobin, ferritin, or plasma vitamin B12, cognitive 
or motor function, or any of several other measures of 
child development. At baseline (12 months of age) and 
postintervention, vitamin B12 deficiency was associ-
ated with poorer cognitive function and slower motor 
development, with the same children tending to be 
vitamin B12 deficient at the beginning and end of the 
intervention. Breastmilk at 12 months postpartum was 
seriously inadequate in vitamin B12, with none detect-
able in about half of the samples. The infants’ usual 
intake of cow’s milk—usually reconstituted, unfortified 
dried milk—was a positive predictor of their vitamin 
B12 status, whereas breastmilk intake was a nega-
tive predictor (Allen et al., unpublished data). Cow’s 
milk has approximately 10-fold more vitamin B12 per 
kilocalorie than breastmilk of well-nourished women, 
and substantially more vitamin B12 than breastmilk 
of women consuming low amounts of animal-source 
foods. In the Kenyan trial that provided meat or milk 
to schoolchildren over a 2-year period, vitamin B12 
status was significantly improved but still did not reach 
normal values in many children [65], revealing that 
vitamin B12 repletion takes a considerable amount of 
time once stores are depleted.

A few trials tested the benefit of adding fish to chil-
dren’s diets. The addition of 20% by weight of dried, 
whole fish to the fermented maize or a cereal-legume 
blend produced for complementary feeding in Ghana 
did not improve growth or micronutrient status com-
pared with an unfortified group [68]. South African 
children aged 7 to 9 years were assigned to a fish flour 
spread or a placebo spread for 6 months to explore the TA
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benefits of a higher intake of n-3 polyunsaturated fatty 
acids on cognitive function. There were significant in-
creases in eicosapentaenoic and docosahexaenoic acid 
concentrations in the intervention group and improved 
performance on learning and reading tests [69].

Dietary diversification and modification strategies 
have attempted to increase consumption of animal-
source foods. A 12-month intervention designed to 
increase intake of animal-source foods (especially 
dried fish with bones) and reduce dietary phytate in 
Malawian children aged 2.5 to 7.5 years significantly 
improved z-scores for mid-upper-arm circumference 
and arm muscle area. There was no effect on weight 
or height gain compared with controls. The authors 
hypothesized that lack of ponderal or linear growth 
change in the intervention group may have been due 
to the insufficient duration of the intervention, the 
age range of the children, or intergenerational effects 
of malnutrition. However, the intervention reduced 
the prevalence of inadequate intakes of vitamin B12, 
calcium, and bioavailable zinc. Additionally, mean he-
moglobin was significantly higher and the incidence of 
anemia was lower in the intervention group than in the 
control group [66]. A community-based, randomized 
behavioral and dietary intervention trial conducted in 
Peruvian adolescent girls encouraged animal-source 
food intake with the goal of improving iron status. 
Heme iron and ascorbic intakes increased significantly 
in the intervention group. Although the intervention 
was not sufficient to improve hemoglobin or iron sta-
tus, it prevented the fall in these indicators observed in 
the control group [67].

Interventions with micronutrient-fortified cow’s milk

In recognition of the fact that cow’s milk is lacking 
in some micronutrients but is a relatively affordable, 
nutritious, available, and well-liked food for children, 
considerable efforts have been made to evaluate the 
benefits of adding micronutrients to dry or liquid cow’s 
milk. Given that bovine milk is known to be especially 
low in iron, most attention has been paid to improving 
its iron content.

Daily consumption of 500 mL of multimicronutri-
ent-fortified whole milk for 90 days by 227 children 
aged 8 to 60 months in Mexico City significantly im-
proved weight-for-height z-scores and plasma levels of 
vitamin B12, folic acid, and hemoglobin. Per 500 mL, 
the fortified milk provided 1.5 mg of iron, 3 μg of 
vitamin B12, 2 mg of folic acid, and 22.5 mg of zinc, in 
addition to other micronutrients. There was no control 
group. The fortified milk was well tolerated and widely 
accepted [70]. A significant reduction in anemia preva-
lence from 41% to 12% resulted when Mexican children 
aged 12 to 30 months were given 48 g of milk powder 
reconstituted to 400 mL and fortified with 5.3 mg of 
iron, 5.3 mg of zinc, and 48 mg of vitamin C, daily for 

6 months. The control group received unfortified milk 
and showed no reduction in anemia [72]. 

Mexico has a large-scale program in which micro-
nutrient-fortified milk is distributed to low-income 
children. An evaluation of the program showed the 
children consumed approximately 600 mL/day. Al-
though it is not possible to separate the effects of in-
dividual nutrients or other program interventions on 
outcomes, the provision of micronutrient-fortified vs. 
unfortified milk caused significantly greater reductions 
in the prevalence of anemia and iron deficiency [71]. 
Participation in the milk program did not increase the 
prevalence of obesity in children [86].

In a periurban area of northern India, 633 children 
aged 1 to 3 years were randomly assigned to receive 
multimicronutrient-fortified or control milk reconsti-
tuted from powder three times per day for 1 year. The 
micronutrient-fortified milk was designed to deliver 
daily doses of 9.6 mg of iron, 2.7 μg of vitamin B12, 
9.6 mg of zinc, and 330 μg of vitamin A. Compared 
with control milk, consumption of fortified milk signif-
icantly reduced the incidence of diarrhea, acute lower 
respiratory tract infection, and overall days with severe 
illness across age groups, although the differences 
were most pronounced in children under the age of 2 
years. Children in the treatment group had significant 
improvements in weight and height gain, mean serum 
hemoglobin and ferritin, and risk of iron-deficiency 
anemia compared with controls. Fortified milk was well 
accepted by the study population [73, 74].

In a similar trial in northern Vietnam, children aged 
7 and 8 years in two schools were randomly assigned to 
receive 500 mL of ultra-high-temperature-treated, mul-
timicronutrient-fortified or -unfortified milk 6 days 
per week for 6 months, while children in a third school 
served as controls. A total of 454 children participated 
in the trial. The micronutrient-fortified milk provided 
6.5 mg of iron, 5.5 mg of zinc, 6.7 μg of vitamin A, 
165 mg of vitamin C, and 13 mg of vitamin E per day. 
Weight-for-age and height-for-age z-scores improved 
significantly in both the fortified- and unfortified-
milk intervention groups but not in the control group.
Short-term memory scores were significantly higher 
in children in both milk groups compared with con-
trols, with superior scores in the fortified-milk group. 
Parent-reported health-related quality of life improved 
significantly with both fortified- and unfortified-milk 
interventions [75]. 

In urban poor areas of Jakarta and Solo, Indonesia, 
245 underweight children aged 7 to 9 years were ran-
domly assigned to receive iron-zinc-fortified (n = 121) 
or -unfortified (n = 124) milk daily for 6 months. Body 
weight and cognitive performance showed significantly 
greater improvement in the group receiving fortified 
milk, although there was no difference in physical 
capacity or change in serum ferritin, hemoglobin, or 
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zinc between groups.*
Iron-fortified cow’s milk also improves the iron sta-

tus of iron-deficient and/or anemic children in wealthi-
er populations. In 225 nonanemic 12- to 20-month-old 
children in New Zealand randomly assigned to con-
sume red meat, iron-fortified cow’s milk, or nonforti-
fied cow’s milk daily for 20 weeks, serum ferritin and 
body iron were significantly higher in the fortified-milk 
group than in the control group [80]. In a study of 17 
mildly iron-deficient Argentinean children aged 12 to 
48 months, mothers were instructed to replace regular 
cow’s milk with an iron-fortified fluid whole cow’s 
milk containing 15 mg of iron per liter. After 4 months 
of intervention with an average daily milk intake of 
877 ± 310 mL, all children achieved normal values of 
hematocrit, hemoglobin, serum iron, and transferrin 
saturation. There were no problems with tolerance or 
acceptance of the fortified milk [82]. The results agreed 
with those from earlier studies of iron-fortified milk 
products (powders and acidified milk) used to prevent 
or treat iron deficiency in infants and young children. 
In those studies, ascorbic acid was used to enhance the 
bioavailability of iron in the fortified milks [83, 87, 88]. 

Interventions with modified-fat cow’s milk

Although the notion of altering the fatty acid composi-
tion of cow’s milk to optimize the benefits of its con-
sumption on human health is within the scope of dairy 
biotechnology [89], few studies (none in developing 
countries) have investigated the effects of fat altera-
tion on plasma PUFA, DHA, and AA in children. In 
Sweden, 38 children were assigned to one of four feed-
ing groups at 12 months: low-fat milk, whole milk, 50% 
vegetable fat milk (rapeseed oil), or 100% vegetable fat 
milk (palm, coconut, and soy oils). After 3 months of 
ad libitum milk consumption, plasma PUFA levels were 
significantly higher in children consuming milks with 
vegetable fat than in those consuming whole milk. The 
percentage of LA in plasma triglycerides, phospholip-
ids, and cholesterol esters was significantly greater in 
the 100% vegetable fat group than in the other groups, 
while the percentage of ALA was highest in the 50% 
vegetable fat group [90]. DHA and AA in lipid fractions 
did not differ significantly between groups, possibly 
because of compensation by endogenous synthesis or 
redistribution from other body compartments [42]. 

* Bardosono SL, Endang D, Sukmaniah S, Permadhi, Inge 
A, Andayani, Diyah E, Lestarina, L. Reduction of underweight 
prevalence and improvement of speed processing after a 
six month iron-zinc fortified milk supplementation among 
underweight pre-adolescent Indonesian children. 19th In-
ternational Congress of Nutrition, Bangkok, Thailand, 2009.

Concerns about early introduction of cow’s 
milk and children’s health

Introduction of milk before the age of 12 months

According to WHO global public health guidelines, 
exclusive breastfeeding is recommended for the first 
6 months of life. Thereafter, it is recommended that 
infants receive nutritionally adequate and safe com-
plementary foods to meet their evolving nutritional 
needs, while breastfeeding is continued up to or beyond 
2 years of age [91]. In most countries, including the 
United States, introduction of unmodified cow’s milk 
is discouraged until after the first year of life because 
of concerns about nutrient imbalances and potential 
adverse effects on infant health. 

Compared with breastmilk, cow’s milk contains 
higher levels of protein, sodium, potassium, phospho-
rus, and calcium and insufficient levels of iron, vitamin 
C, and linoleic acid [92]. These differences result from 
the distinct needs of human and bovine young and 
are affected to a lesser extent by maternal nutritional 
status [93, 94]. Early introduction of cow’s milk and 
other liquids is associated with a reduced duration and 
frequency of breastfeeding [95]. Exclusive breastfeed-
ing has been shown to reduce morbidity and mortality 
in developing countries [96]. Furthermore, breastmilk 
contains indigestible human milk oligosaccharides 
(HMOs) that are believed to act as growth factors in 
establishing a stable gut microbiota to hinder pathogen 
colonization in the infant gastrointestinal tract [97, 98]. 

Introduction of cow’s milk before 1 year may com-
promise iron nutrition both directly through low iron 
content and indirectly through occult blood loss and 
inhibition of iron absorption. Occult intestinal blood 
loss is estimated to occur in 40% of normal infants un-
der 12 months of age during feeding of cow’s milk [99]. 
However, studies measuring occult fecal blood and 
iron status in milk- and formula-fed infants over the 
past several decades have yielded largely inconsistent 
results, in part because of different ages of introduction 
of cow’s milk [100–103]. It has been proposed that in-
testinal bleeding in early infancy may be related to the 
antigenic challenge of cow’s milk to the gut mucosa 
before adequate development of oral immune tolerance 
to ingested foreign proteins [104]. 

Compared with breastmilk, cow’s milk has a high 
renal solute load as a consequence of its higher protein 
and mineral contents. Immaturity of the renal system 
in the ability to concentrate urine, in conjunction with 
low fluid intake or extrarenal water losses, can lead to 
severe dehydration in young infants fed cow’s milk [99]. 

The higher protein content of cow’s milk-based 
formulas compared with breastmilk may influence 
metabolic rate and body composition in infancy and 
later in life. A meta-analysis of observational studies 
suggested that breastfed infants had a 20% lower odds 
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of obesity when they reached school age than formula-
fed infants, after adjustment for biological and sociode-
mographic confounding factors. This analysis included 
formulas that were not milk based, and the authors 
hypothesized that differences in obesity risk were due 
in part to the higher protein content of standard infant 
formulas compared with breastmilk [105]. A multi-
center European randomized, controlled trial found 
that weight-for-length z-scores at 24 months of age 
were significantly lower in infants who were breastfed 
or received formulas with lower protein content (1.8 or 
2.2 g/ 100 kcal) than in infants who received formulas 
with higher protein content (2.9 or 4.4 g/100 kcal) 
[106]. However, a study comparing breastfed infants 
with those fed a low-protein (1.8 g/100 kcal) or high-
protein (2.7 g/100 kcal) formula found no differences in 
fat mass between groups at 6 months or 1 year of age.* 
Other studies have also failed to find an association 
between dietary protein intake in early life and later 
risk of obesity [41, 107]. Nevertheless, formula manu-
facturers have made available products with reduced 
protein content. It is unlikely that later introduction of 
cow’s milk, especially in undernourished children with 
an overall lower protein intake, would increase the risk 
of later obesity, and it did not do so in the Mexican milk 
program [86].

Allergy

Children are the age group most frequently affected 
by cow’s milk allergy, an IgE- or non-IgE (cellular)-
mediated immune reaction to milk proteins. Although 
symptoms of milk allergy, including itching, skin 
rashes, edema, vomiting, diarrhea, and abdominal 
cramps, may be seen in 5% to 15% of infants, the 
global incidence according to strict diagnostic criteria 
is estimated to be 2% to 5% [108]. Often assumed to 
be a condition found only in Western countries, recent 
research suggests that a similar prevalence of milk 
allergy in developed countries is obscured by lack of 
awareness and diagnostic facilities [109]. Childhood 
IgE-mediated milk protein allergy resolves in approxi-
mately 80% of children by 3 years of age, whereas the 
resolution of cellular-mediated allergy depends on the 
pathophysiology of the inflammation [108]. Because 
milk elimination diets in children have been associated 
with growth retardation, kwashiorkor, hypocalcemia, 
and rickets [110], it is recommended that they be 
implemented only when medically indicated. 

* Labaune JM, Conus N, Mace K, Delmas P, Picaud JC, 
Vallet-Sandre Blandine B, Stenhout P, Putet G. Growth and 
body composition of infants breastfed or formula-fed with 
different protein levels during the first year. European Society 
of Pediatric Endocrinology, Istanbul, Turkey 2009.

Milk, fortified milk, and other animal-
source food interventions to improve the 
nutritional status of children

In 2001, the World Health Assembly urged the promo-
tion of exclusive breastfeeding for 6 months as a global 
public health recommendation [111]. After 6 months of 
age, breastmilk alone is no longer sufficient to meet the 
nutritional requirements of the infant, and initiation of 
complementary feeding is encouraged in combination 
with continued breastfeeding. The idea that milk, both 
human and animal, supports the nutritional needs of 
children for growth and development is widespread. 
Introduction of unmodified cow’s milk is not recom-
mended until after the first year of life. Trials involv-
ing supplementation of infants and children over 12 
months of age with regular or fortified cow’s milk have 
demonstrated high rates of acceptance among parents 
and subjects [73, 82, 83].

There could be concern that using fortified milk to 
improve the nutritional status of children worldwide 
may be problematic because of the high global preva-
lence of lactose intolerance and milk allergy. Absorp-
tion of lactose, a disaccharide present in mammalian 
milk, requires the activity of lactase in the small intes-
tinal brush border. Primary lactase deficiency refers to 
an insufficiency or absence of lactase and is the most 
common cause of lactose intolerance [112]. It has been 
estimated that approximately 70% of the world adult 
population is lactose intolerant to some extent, with 
higher prevalence (> 90%) among Southeast Asians 
and considerably lower prevalence (< 15%) among 
northern Europeans [113]. Although the global preva-
lence of lactose intolerance in children has not been 
estimated, it is expected to be lower, given that most 
lactase-deficient individuals experience symptom on-
set in late adolescence or early adulthood [112]. Cow’s 
milk protein allergy, in contrast, is typically reported 
within the first 1 to 3 months of life and is estimated 
to occur in 2% to 5% of infants. However, most cases 
of cow’s milk protein hypersensitivity resolve by 1 to 3 
years of age [108, 114]. In milk supplementation trials 
conducted in children in different parts of the world 
(tables 2 and 3), reported intolerance of the supple-
ment occurred in under 5% of the study population.

In developing countries, dairy supplements provided 
in powdered form require reconstitution with water, 
which may be a source of bacterial contamination. 
Since contaminated weaning foods are a major risk fac-
tor for diarrheal disease among children under 5 years 
of age [115], maternal education to ensure utilization 
of safe water for milk powder rehydration is critical for 
the success of any intervention program. 

The stability of milk powder is another key issue 
defining its usefulness in public health interventions. 
The US industry standard for shelf life of whole milk 
powder is 6 to 9 months when stored at < 27°C and 
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< 65% relative humidity [116]. Replacement of milk fat 
with vegetable oil reduces cost while maintaining the 
macro- and micronutrient composition of the product. 
Skim milk powder, though less energy dense, remains a 
good source of high-quality animal protein (36 g/100 g) 
and has an average shelf life of 3 years [117]. Airtight, 
opaque packaging is imperative to optimize the stability 
of naturally occurring and added micronutrients and 
fatty acids [118].

Several trials have considered alternative means of 
increasing childhood consumption of milk and other 
animal-source foods in developing countries, either 
through offering dairy or meat livestock to families or 
through nutribusinesses. Several international humani-
tarian aid organizations, including Heifer International 
and FARM Africa, have successfully provided women 
with dairy animals through microfinance initiatives. 
In Ethiopia, evaluation of a dairy goat development 
project that provided two female goats to women 
heads of household demonstrated that the interven-
tion increased milk intake by 109% and meat intake 
by 44% over 3 years. Furthermore, participants in the 
goat repayment program were able to generate steady 
annual income from sales of goats, allowing acquisi-
tion of additional resources and further supporting 
the availability of animal-source foods [48]. Other 
innovative approaches, such as solar-drying meat and 
vegetable mixtures, can increase meat consumption by 
young children [119].

Economic considerations

The potential economic benefits of animal-source food 
interventions for children have not been estimated 
directly but can be approximated in terms of costs 
averted. Disability-adjusted life years (DALYs) are 
used to quantify the loss of years of “healthy” life due 
to a particular cause and are calculated as the sum of 
years lost due to premature mortality and disability. 
Globally, it is estimated that 1.3%, 1.5%, 1.0%, and 0.2% 
of DALYs lost in children under 5 years of age are due 
to iron, vitamin A, zinc, and iodine deficiency, respec-
tively [120]. There is an estimated 4% loss in future 
productivity of children whose cognitive development 
is impaired by anemia [121]. A review of the cost-
effectiveness of micronutrient fortification concluded 
that fortification with iron, vitamin A, zinc, and iodine 
averts significant numbers of infant and child deaths in 
developing countries at relatively low cost [122]. 

In 2005, it was estimated that among children under 
5 years of age, 20% in low- and middle-income coun-
tries were underweight, 32% in all developing countries 
were stunted, and 10% globally were wasted [123]. 
Undernutrition is directly or indirectly associated with 
approximately 60% of child mortality worldwide, with 
mild underweight nearly doubling the risk of death 

in childhood [124]. An estimated 18.7% of all DALYs 
lost among children under 5 years of age are due to 
underweight [120], which could be reduced by feeding 
animal-source foods in some situations. 

Nutrition is thought to have the greatest effect on 
health, growth, and development when children are 
under 2 years of age [124]. Nutritional improvements 
in young children can lead to increases in the rate 
of school initiation and years of schooling, affecting 
wages and economic productivity in adulthood [125]. 
A meta-analysis of five cohort studies found small 
birth size and early childhood stunting to be linked 
with short adult stature [126]. A 1% decrease in adult 
stature is associated with a 1.4% decrease in productiv-
ity, and a 1% increase in adult stature is associated with 
an increase of 2.0% to 2.4% in wages or earnings [13]. 

These considerations suggest that reducing micro-
nutrient deficiencies, underweight, and stunting by 
providing animal-source foods, and especially milk, 
to children can be very cost-effective, possibly more 
so if the milk is fortified with nutrients such as iron. 
However, specific cost–benefit estimates need to be de-
veloped in the context of economic and environmental 
conditions as well as local and national resources. 

From 1964–66 to 1997–99, global milk consumption 
increased from 73.9 to 78.1 kg/year/person. In develop-
ing countries, the increase was much more dramatic: 
28.0 kg/year/person in the earlier period to 44.6 kg/
year/person in the later period, driven strongly by 
increased milk consumption in South Asia and Latin 
America [127]. For example, per capita milk supply 
increased from 38.4 to 85.9 kg/year/person from 1980 
to 2007 in India and from 85.9 to 124.6 kg/year/person 
during the same period in Brazil [128]. 

The higher consumption of dairy products is largely 
attributed to greater production as well as per capita 
income growth in developing countries [129]. Between 
1980 and 2003, global total dairy production increased 
from 475 to 626 million MT annually, with developing 
countries more than doubling production. Per capita 
milk supply in 2003 was estimated to be 82.5 kg/year 
globally and 49.3 kg/year in developing countries [113]. 
An increase in per capita income and the emergence 
of an affluent middle class in low- and middle-income 
countries over the past decades has contributed to ris-
ing net consumption trends, with demand for dairy 
products in these populations being highly income 
elastic. Other factors affecting dairy consumption in 
developing countries include urbanization and west-
ernization of the diet [129]. Overall, these data imply 
that milk availability for children is improving on a 
global basis.

Conclusions

Animal-source foods and milk in particular are 
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important but often lacking in the diets of children 
in low-income countries. Demonstrated benefits of 
animal-source food consumption by children include 
improved growth, micronutrient status, cognitive per-
formance, and level of physical activity. Milk supplies 
essential macronutrients, micronutrients, fatty acids, 
and growth factors required for appropriate develop-
ment throughout childhood. Despite an increase in 
global milk production and consumption, undernu-
trition and micronutrient deficiencies that could be 
alleviated by increased intake of milk and other animal-
source foods remain highly prevalent among children 
under 5 years of age. 

A review of the literature revealed that among un-
dernourished children in developing countries, both 
milk and meat intake improved growth indicators, 
micronutrient status, and cognitive performance, with 
fortified milk superior to unfortified milk in reducing 
the prevalence of anemia. Improvement in iron sta-
tus was also achieved by fortified-milk interventions 
among iron-deficient or anemic children in developed 
countries. Interventions with milk and fortified milk 

were culturally acceptable and well tolerated across 
study populations.

To improve the dietary quality of children in low-
income countries and further the effort to eradicate 
extreme poverty and hunger in accordance with the 
United Nations Millennium Development Goals, ad-
ditional research is necessary to identify and implement 
programs and policy supporting increased intake of 
milk and other animal-source foods. Studies to date 
have been limited to a single setting and have utilized 
widely varied types, frequencies, and durations of 
intervention. To better evaluate the feasibility and cost-
effectiveness of potential programs aimed at increasing 
intake of milk, fortified milk, or other animal-source 
foods, well-designed multicenter studies are needed to 
compare alternative strategies longitudinally. Strategies 
to be included in research efforts and potentially future 
policy include school- or home-based supplementation 
programs, microfinance initiatives to increase local 
animal-source food production, and dietary modifica-
tion programs. 
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