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Abstract
Milk composition is critical to proper growth and development of mammalian infants as well as
the reproductive success of the mother. The relative proportions of milk macronutrients can vary
drastically across different species. The objectives of this study were to 1) characterize the
macronutrient composition of the milk from olive baboons (Papio anubis), rhesus macaques
(Macaca mulatta), and pig-tailed macaques (Macaca nemestrina) and 2) assess the similarity
between the milks of these three cercopithecids. A single milk sample was obtained from 8 olive
baboons between 47 and 129 days of lactation and 6 rhesus macaques between 15 and 92 days of
lactation, living at the same institution under identical management conditions. Two milk samples
each one month apart were obtained from 5 pig-tailed macaques (at 10 weeks and at 14 weeks of
lactation) living at a separate institution. Baboon milk on average contained 86.0±0.6% water,
4.7±0.5% fat, 1.6±0.04% protein, 7.3±0.07% sugar, and 0.165±0.007% ash. Rhesus macaque milk
on average was 86.1±0.3% water, 4.1±0.4% fat, 1.69±0.05% protein, 7.71±0.08% sugar,
0.19±0.01% ash. Finally, pig-tailed macaque milk was 82.8±0.6% water, 7.3±0.5% fat, 1.8±0.08%
protein, 7.6±0.1% sugar, and 0.217±0.01% ash. These milks are similarly high sugar, moderate to
high fat, and low protein with moderate energy density. This is consistent with their common
lactation strategy characterized by frequent, on-demand nursing and relatively slow life history
compared to non-primate mammal taxa. The strong similarity in the milks of these three monkey
species suggests that other cercopithecid species living under human management might produce
similar milk.
Introduction
Milk composition is critical to providing adequate nutrients for proper growth and development of
mammalian infants. Across different species, milk composition can vary substantially (Oftedal &
Iverson, 1995). A large comparative analysis of 130 species’ milks suggested that this variation is
primarily described by phylogeny followed by diet and lactation length (Skiebel et al., 2013).
Cercopithecoidea is a family of anthropoid primates comprised of several monkey species
including macaques and baboons. This study was designed to 1) characterize the macronutrient
composition of the milk from olive baboons (Papio anubis), rhesus macaques (Macaca mulatta),
and pig-tailed macaques (Macaca nemestrina) and 2) assess the similarity between the milks of
these three cercopithecids.
Methods
A single milk sample was collected by manual expression from eight lactating olive baboons
ranging between 47- and 129-days post parturition and six rhesus macaques from 15- and 92-days
living under identical management conditions at the same institution, Texas Biomedical Research
Institute in San Antonio, TX. Two milk samples were obtained from five pig-tailed macaques at 2
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months (70-72 days) and 3 months (98-100 days) post parturition living at a breeding colony in
Mesa, Arizona managed by the Washington National Primate Research Center. Macronutrient
composition (water, fat, protein sugar, and mineral) was determined using standard techniques that
have been validated using over 200 mammal species at the Nutrition Laboratory at the Smithsonian
National Zoological Park (Hood et al., 2009). Gross energy was calculated from the macronutrient
composition as the sum of energy provided by protein, fat, and sugar using the following energy
values: 5.86 kcal/g for protein, 9.11 kcal/g for fat, and 3.95 kcal/g for sugar (Perrin, 1958). Results
are presented as the average for the species ± standard error of the mean (SEM).
Milk constituents were compared between species using Bonferroni correction for multiple
comparisons. Correlation was used to examine the relationships among constituents. A P-value of
0.05 or less was considered to indicate a significant effect.
Results
The mean values for all milk constituents by species are given in Table 1. Baboon milk
demonstrated strong similarity in composition to rhesus macaque milk, though with slightly lower
sugar content. However, there was no statistical difference between baboon and rhesus macaque
milk in the proportions of energy from fat, sugar, and protein.
Pig-tailed macaque milk was higher than the other species in fat (7.3±0.5%; P < 0.01) and GE
(1.1±0.04 kcal/g; P < 0.01), was intermediate in sugar, but did no differ from the other species in
protein content (Table 1). Ash content of pig-tailed macaque milk was higher than baboon milk
but not different from rhesus macaque milk. There was no difference in milk calcium and
phosphorus content between any species. On average pig-tailed milk had the highest proportion of
energy from fat and lowest from sugar and protein; however, the differences were only significant
between the two macaque species (Table 1).
Fat provided the most milk energy and protein the least for all three species (Figure 1). Milks
higher in energy had a greater proportion of energy from fat, both within and between species (r >
0.95, P < 0.001 for all comparisons).
Discussion
The contributions to milk gross energy from fat and sugar were greater and more variable than the
contribution from protein for baboons and both macaque species. Milk that was higher energy had
a larger proportion of energy coming from fat. The low protein content on an energy basis is
representative of the relatively slow growth rate and life history of cercopithecids monkey species
compared to many other non-primate mammal taxa. Across all three species the combined average
percent of gross energy from protein (11.2±0.004%) was less than protein milk energy of
platyrrhine species (16.0–23.2%; Milligan 2007, 2010; Milligan et al., 2008; Power et al., 2002,
2008), indicative of their slower growth rates compared to these monkeys (Kirkwood, 1985).
The milks were also high in water content, which is consistent with their common lactation
strategy. These monkeys carry their infants allowing for frequent, on-demand nursing. Increased
suckling stimulates lactose production and osmotically draws water into the mammary gland.
Other mammals that share this lactation strategy produce similarly dilute milks with high sugar
(Shaul, 1962) while mammal species with near opposite lactation strategies, such as leaving their
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young in a burrow or nest for an extended time between nursing, produce higher energy milks with
greater fat content (Iverson, 2007; Hinde & Milligan, 2011; Tilden & Oftedal, 1997).
Higher fat content results in greater energy density. The pig-tailed macaque milk had the highest
gross energy (1.1±0.04 kcal/g) among the three species and, notably, also had the greatest
percentage of energy coming from fat (61.6±1.9%). The pig-tailed macaque samples ranged from
4.8% to 11.3% fat. More observation and research into lactation of this species is necessary to
understand the source of this variation but some factors may be limited sample size, maternal body
condition, maternal diet, or specific management practices at the individual institution.
Previously published data for rhesus macaque milk using much larger sample sizes are similar to
the results reported here (Hinde, 2007; Hinde et al., 2009, 2013). Published baboon milk values
(Buss, 1968) were similar to our results. To our knowledge, this is the first report of the
macronutrient composition of milk from pig-tailed macaques.
Conclusions
These milks can broadly be described as high sugar, moderate to high fat, and low protein milk
with moderate energy density, which is consistent with their common lactation strategy
characterized by frequent, on-demand nursing and relatively slow life history compared to nonprimate mammal taxa (Iverson, 2007; Hinde & Milligan, 2011; Shaul, 1962). These data show
strong similarity between baboon and macaque milk compositions and imply that other
cercopithecid species living under human management might produce similar milk.
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Table 1. Milk macronutrient composition and gross energy for Olive baboon, Rhesus macaque,
and Pig-tailed macaque. Results are presented as average ± SEM.
Olive Baboon
Rhesus Macaque Pig-tailed Macaque
(n
=
8)
(n = 6)
(n = 10)
Constituent
P-value
a
a
Fat, %
4.72 ± 0.5
4.10 ± 0.4
7.32 ± 0.5b
< 0.01
Protein, %
1.60 ± 0.04
1.69 ± 0.05
1.77 ± 0.08
ns
a
b
ab
Sugar, %
7.27 ± 0.07
7.71 ± 0.08
7.57 ± 0.1
0.010
DM, %
14.0 ± 0.6
13.9 ± 0.3
17.2 ± 0.6
ns
a
a
b
GE kcal/g
0.811 ± 0.04
0.777 ± 0.03
1.07 ± 0.04
< 0.01
GE from Protein, %
11.8 ± 0.7ab
12.8 ± 0.3a
9.82 ± 0.6b
0.025
ab
a
b
GE from Sugar, %
36.2 ± 2.0
39.7 ± 2.0
28.6 ± 1.4
0.009
GE from Fat, %
51.9 ± 2.6ab
47.5 ± 2.3a
61.6 ± 1.9b
0.008
a
ab
b
Ash, %
0.165 ± 0.007
0.192 ± 0.01
0.217 ± 0.01
0.015
Ca, %
0.048 ± 0.001
0.054 ± 0.002
0.060 ± 0.004
ns
P, %
0.033 ± 0.002
0.031 ± 0.001
0.032 ± 0.0010
ns
Ca:P
1.5 ± 0.09
1.8 ±0.02
1.8 ± 0.09
ns
ab
Values with different superscripts are significantly different (P < 0.05)

Figure 1. The proportion of milk gross energy from fat, sugar, and protein for three
Cercopithecoidea species: Olive baboons (Papio anubis), rhesus macque (Macaca mulatta), and
pig-tailed macaque (Macaca nemestrina).
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