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Abstract

In captivity colobine monkeys o�en display a so� to watery faecal consistency, in 
contrast to their wild conspecifics, which usually display well-formed faeces. It has 
been suggested that dietary fibre, and possibly also dietary water content is related 
to faecal consistency. To further test this assumption we pooled data on 15 individ-
ual feeding periods from six feeding trials with colobine monkeys from different spe-
cies, during which dietary and faecal chemical composition had been determined and 
faeces consistency had been scored with one consistent scoring scheme. Our pooled 
data suggest that dietary neutral detergent fibre (NDF) and dietary dry ma�er con-
tent were significantly, positively correlated to a be�er faeces consistency, whereas 
dietary protein content was negatively correlated to faeces consistency.  Influences 
on the faeces consistency like easy digestible carbohydrates and the mineral content 
of the diet were not considered. Firmer faeces did not contain less water, but more 
NDF and less protein. It is suggested that diets fed to colobine monkeys in Dutch 
zoos should be reduced in protein and dietary water, and increased in fibre content. 
A recognized problem for a�aining this goal is the lack of a readily accepted primate 
pellet that is not only called “high fibre” but that actually mimics the fibre content 
of the diet of free-ranging colobine monkeys.
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Introduction

Leaf-eating primates have been recognized for a long time as primates 
which are difficult to adapt to captive diets (Edwards 1995, NRC 2003). 
These primates are foregut-fermenters, with a multi-chambered forestom-
ach where plant material is fermented by symbiotic gut bacteria, but also 
with a well-developed hindgut in which additional fermentation occurs 
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(Bauchop and Martucci 1968, Caton 1999). A high incidence of gastrointes-
tinal disorders has been observed repeatedly in these primates and been 
linked to the feeding of rapidly fermentable foods such as commercial fruits 
and vegetables (Hill 1964, Bauchop and Martucci 1968, Hollihn 1973, Taff 
and Dolhinow 1989, Janssen 1994, Nĳboer and Dierenfeld 1996). In spite 
of very strict feeding recommendations that advise a feeding regime of a 
high-fibre primate pellet, green leafy vegetables, and browse (Edwards 
et al. 1997), these animals are still o�en fed on diets containing fruits, col-
oured vegetables, milk products, and pellets low in fibre but high in protein 
(Nĳboer and Dierenfeld 1996). In part, this discrepancy stems from the mis-
conception that animals termed, at least occasionally, “frugivores”, should 
receive fruits in a captive environment. However, there is a well-known 
discrepancy between the chemical composition of “wild” and “cultured” 
fruits and vegetables; for example, Conklin-Bri�ain and Wrangham (2000) 
compared the composition of wild ripe fruits, domesticated fruits and 
vegetables, wild young leaves and domesticated greens in Africa eaten 
by primates (Table 1). Their data clearly show that cultured produce is 
drastically higher in sugars and drastically lower in fibre, as measured by 
neutral detergent fibre (NDF) or acid detergent fibre (ADF). The values 
for the food items ingested by free-ranging colobine monkeys reviewed 
by Nĳboer and Dierenfeld (1996) and Lawrence et al. (2005) were similar 
to those for “wild” food items (Table 1).

A common problem in captive colobines is the production of unformed 

faeces of a “pie” consistency which contrasts to the usually well-formed, 
firm faeces these animals produce in the wild (Nadler 1994). In domestic 
animals, unformed faeces are a sign of gastrointestinal upset of various 

Table 1: Mean chemical composition of wild and cultured non-seed plants (Con-
klin-Bri�ain and Wrangham 2000) used by free-ranging primates and 
in captive primate husbandry, as well as the ranges for the whole diets 
of free-ranging Asian (Nĳboer et al. 1997) and African (Lawrence et al. 
2005) colobines (% in DM). 

Food N DM CP SUG NDF ADF
Wild ripe fruits 50 27 11 16 37 26
Wild young leaves 56 27 26 5 42 28
Cultured fruits 26 17 6 40 14 9
Cultured vegetables 18 10 17 29 18 14
Cultured greens 13 9 23 25 19 14
Asian colobine diets – 13 – 44–57 31–52
African colobine diets – 17 – 36–47 23–42

N number of samples, DM dry ma�er (% fresh weight), CP crude protein, SUG free 
sugar, NDF neutral detergent fibre, ADF acid detergent fibre (all % dry ma�er)
 – = not given
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aetiologies; malfermentation in either the fore- or hindgut, due to the pres-
ence of too much rapidly fermentable carbohydrates, leading to an acid 
overload (rumen or caecum acidosis), or an excessive provision of protein, 
leading to smeary feaces in dogs (Zentek et al. 2004). In a recent report, we 
even found a statistically significant correlation between the dietary water 
intake and faeces consistency in a group of captive colobines and suggested 
that an excessive water intake, due to a diet based on fruits and vegetables 
extremely low in dry ma�er content, could contribute to the problem of 
unformed faeces in colobines (Nĳboer et al. 2006b). In order to address this 
problem with a larger dataset, we here combine data generated in differ-
ent trials on colobine monkeys in The Netherlands on dietary and faecal 
nutrient composition and faeces consistency.

Methods

All trials from which data were used followed a similar design: the diet 
offered and consumed to a group of monkeys was recorded, faeces of the 
whole group were scored for consistency and collected in total, and rep-
resentative samples of diet and faeces were analysed for nutrient content. 
Between one and three diets were fed per trial. The following langurs were 
used for the comparison of the diets and faecal scores: 

Trial 1a–c: Four François langurs (Trachypithecus françoisi) at Ro�erdam 
Zoo (Nĳboer et al. 2001).

Trial 2a–b: Three spectacled leaf monkeys (Trachypithecus obscurus) at Artis 
Zoo (Nĳboer et al. 2006c).

Trial 3: Five black and white colobus monkeys (Colobus guereza) at Ro�er-
dam Zoo (Nĳboer et al. 2006c).

Trial 4a–c: Two adult Javan langurs (Trachypithecus auratus auratus) at Rot-
terdam Zoo (Nĳboer et al. 2006b).

Trial 5a–c: Four adult , four sub adults and two juvenile Javan langurs 
(Trachypithecus auratus auratus) at Apenheul Zoo (Nĳboer et al. 2006a).

Trial 6a–c: Three females, two males and three adults, a sub adult and a 
juvenile Javan langurs (Trachypithecus auratus auratus) at Ro�erdam 
Zoo (Nĳboer et al. 2006a).

Here, the dry ma�er (DM, % fresh weight), crude protein (CP, %DM), neu-
tral detergent fibre (NDF, % DM) and acid detergent fibre (ADF, % DM) 
content of the diets ingested and the faeces  voided during the trial periods, 
are reported. Additionally, the mean faecal score (FS) of each trial period, 
scored using the system  developed by Waltham (2000) and adjusted for 
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langurs by Nĳboer (2006a), are presented. Mean FS score was calculated 
as: (score 1 × number + score 2 × number + score 3 × number + score 4 × 
number + score 5 × number)/total number. The score ranges from 1–5, with 
2 considered as representative for free-ranging colobines, and 5 correspond-
ing with watery diarrhoea.

Regression analysis served to evaluate the relationship between NDF, 
the water content of the diets and the score of the faeces.  For regression 
analysis we used 15 data sets which were assumed to be independent. The 
significance level was set at P < 0.05. 

Results

The nutrient composition of the diets ingested by the animals, of the faeces, 
and the mean FS per diet period are summarized in Table 2. The faeces had 
a consistency ranging for 1 to 5 which were both observed during the trials. 
During no trial period a mean FS of 2 (the assumed normal) was a�ained. 

The mean crude protein content of the captive diets (18.9 % DM) was 
high compared to the ranges for the whole diet of  free ranging colobines 
(Table 1). The mean NDF (36.7 % DM) and ADF (25.4 % DM) contents of 
the diets used were relatively low. Linear relationships between dietary 
or faecal parameters and FS are summarized in Table 3. 

Table 2: Dietary and faecal composition (% in DM), and mean faecal consistency, 
in different trials with captive colobine monkeys (see Methods) 

Trial ––––– Diet ––––– ––––– Faeces –––– FS
 DM CP NDF ADF DM CP NDF ADF
1a 16.4 19.9 41.1 27.7 22.8 24.1 53.4 41.4 3.5
1b 23.0 20.0 51.6 34.7 26.9 17.9 55.2 43.3 2.6
1c 21.2 20.4 41.4 27.1 22.9 23.4 51.1 36.2 3.2
2a 15.4 19.9 28.7 22.6 26.8 22.6 45.4 36.8 3.8
2b 22.0 20.8 26.6 11.7 22.0 34.5 39.8 29.0 4.1
3 24.8 19.4 43.4 31.8 37.0 24.9 51.4 40.8 3.1
4a 12.3 18.7 36.7 27.3 24.4 19.5 51.5 37.8 3.0
4b 24.7 13.7 35.8 30.3 26.7 19.9 50.9 39.8 2.7
4c 17.4 16.6 34.8 27.2 22.2 20.0 50.1 39.1 3.3
5a 16.8 20.3 31.9 20.3 – – – – 3.6
5b 46.6 17.8 39.0 23.6 – – – – 2.6
5c 19.1 18.5 35.7 26.9 – – – – 3.2
6a 17.3 19.5 34.4 20.8 – – – – 3.4
6b 36.6 19.1 41.0 25.0 – – – – 2.6
6c 24.4 18.7 37.3 23.5 – – – – 3.4

DM dry ma�er (% fresh weight), CP crude protein, NDF neutral detergent fibre, 
ADF acid detergent fibre (all % dry ma�er), FS faecal score (on a scale from 1–5)
–  =  not given 
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Among the dietary parameters, DM (Fig. 1), CP (Fig. 2), NDF (Figure 3), 
and ADF (Figure 4) content were all correlated to FS, although the correla-
tion with CP only tended towards significance (p = 0.073). 

Multiple linear regression analysis yielded the equation:

FS = 3.280 (± 0.681) – 0.016 (± 0.007) * DM + 0.107 (± 0.032) *CP – 0.046 
(± 0.009) * NDF

(DM, CP, NDF in % DM; adjusted R2 = 0.793; P ≤ 0.001)

Among the faecal parameters, CP but not DM was correlated to FS. Most 
importantly, there was a high correlation between faecal NDF and ADF, 
with FS.

Discussion

The results confirm that dietary nutrient composition is a decisive factor 
for the faecal consistency in captive colobines. The faecal consistency rarely 
is a target of research in domestic animal nutrition, with the exception of 
pet animals such as dogs or rabbits. In the carnivorous dog, the addition 
of fibre will improve faecal consistency (Sunvold et al. 1995), and diets 
containing certain protein sources can lead to maldigestion in the hindgut 
with an increase in proteolytic bacteria such as Clostridium spp., resulting 
in smeary faeces (Zentek et al. 2004). In pet rabbits, smeary faeces are a 
common finding in animals fed a diet particularly low in fibre (Quesenberry 
and Carpenter 2004). In general, as confirmed in this study in colobines, 
increasing dietary fibre levels will improve faecal consistency (Nĳboer et al. 

Table 3: Linear relationships between dietary or faecal parameters and the mean faecal 
score (FS) in the dataset of Table 2, according to the equation FS = C + β *pa-
rameter.

Parameter C β Adjusted R2 P-value
Dietary
DM 3.89 (± 0.28) -0.03 (± 0.01) 0.290 0.022
CP 0.97 (±1.16) +0.12 (± 0.06) 0.167 0.073
NDF 5.157 (± 0.54) -0.05 (± 0.02) 0.468 0.003
ADF 4.64 (± 0.43) -0.06 (± 0.02) 0.427 0.005
Cellulose 4.28 (± 0.31) -0.06 (± 0.02) 0.457 0.003

Fecal
DM 4.20 (± 0.95) -0.04 (± 0.04) 0 0.356
CP 1.51 (± 0.53) +0.08 (± 0.02) 0.564 0.012
NDF 7.49 (± 1.15) -0.08 (± 0.02) 0.612 0.008
ADF 6.59 (± 1.13) -0.09 (± 0.03) 0.491 0.021
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2006b). Constipation due to high amount of short fibre particles has never 
been recorded although constipation in the GIT can occur if long stripes 
of bark are ingested  (Calle et al. 1995). 

Faeces consistency is not a parameter of proven, direct physiological 
relevance. To our knowledge, there are no published studies linking faeces 
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Figure 1: Correlation between dietary dry ma�er content (DM  in % fresh weight) 
and faecal score (FS) in feeding trials with captive langurs
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Figure 2: Correlation between dietary crude protein content (CP in % DM)  and 
faecal score (FS) in feeding trials with captive langurs



 151

n F���� ��� ������ ����� �� ������� n

consistency as such to other health parameters, such as longevity, body 
condition, immune or reproductive status. However, faeces consistency 
is the parameter most easily measured in captive wild animals, and the 
first one noted by zoo keepers, and therefore a useful tool for the detection 
of change. Given that it is the aim of captive management of a particular 
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Figure 3: Correlation between dietary neutral detergent fibre content (NDF in % 
DM)  and faecal score (FS) in feeding trials with captive langurs.

0

1

2

3

4

5

0 10 20 30 40
Diet ADF (%DM)

FS

Figure 4: Correlation between dietary acid detergent fibre content (ADF in % 
DM) and faecal score (FS) in captive langurs
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species to maintain the animals in the physiological state that they have 
adapted to throughout evolution, it is desirable for zoos to achieve a faeces 
consistency in their animals that resembles that in free-ranging animals. In 
the case of colobines, the results of this analysis suggest that diets higher 
in fibre, and maybe also lower in water and protein content than those 
conventionally used in Dutch (and probably other European) zoos would 
promote firm faeces in colobines (Figure 1, 2, 3 and 4). Firm faeces could 
be interpreted as indicators of a normal digestive physiology typical for 
the species. However, the results have been obtained from 15 short-term 
measurements and no information is available if the correlation is prolonged 
outside the range of the observed data. Additionally, a potential influence 
of mineral or easily digestible carbohydrates on faeces consistency were 
not investigated.

A major problem in the feeding of primates is the discrepancy between 
the fibre content of truly foli- and frugivorous species (Table 1) and the 
fibre levels in primate pellets commercially available (Table 4). Even if many 
of these products are named “high fibre” or “leaf eater”, their fibre levels 
are distinctively lower than those of the free-ranging diets of folivorous 
primates. Given the fact that such pellets are mostly supplemented with 
diet items of even lower fibre content, they appear not suitable to guaran-

Table 4: Fibre levels in commercially available primate products, manufacturers’ 
information in the guaranteed analysis panel was re-calculated to a dry 
ma�er basis

Diet name Crude fibre
(% dry ma�er)

NDF
(% dry ma�er)

Leaf-Eater Primate diet1 15.6 27.4
Primate High Fiber Sticks1 16.1 32.9
Primate Browse Biscuit1 17.8 29.4

Leaf Eater Primate2 12.4 21.3

High fiber primate diet3 10.0 –

Leaf Eater Red Apple4 14.4 20.8

Langur pellet5 28.0 44.0
1 Mazuri® (PMI, St. Louis, MO USA)
2 MazuriTM (SDS, Essex, UK)
3 HMS (Blu�on, IN USA)
4 Marion Zoological (Plymouth, MN USA)
5 Hope Farms (Woerden, The Netherlands)
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tee a total diet fibre content similar to the wild. Although Edwards (1997) 
promoted the use of a manufactured diet of very high fibre content – with 
an ADF level of 30 % –, such a diet does not seem to be in widespread use 
in Europe. Note that in order to achieve an ADF level of 30 % DM, an NDF 
level of at least 40 % DM or higher is warranted. Primates are unlikely to 
eagerly consume any manufactured feed of such a fibre content, and even 
less so if they had been used to other, more palatable food of lower fibre 
content for months or years before the diet change. As the success of a new 
diet is o�en measured by its acceptance by the animals, manufacturers 
might be reluctant to produce such high-fibre diets.

We have speculated already that an excessive dietary water intake could 
also influence faecal consistency in colobine monkeys (Nĳboer et al. 2006b). 
Across all the trials used in this survey, there was an average dietary water 
intake of 752 ml per animal. As the mean body weight of the animals used 
was between 6.0 and 6.5 kg, one would, according to the allometric equa-
tion for daily water flux given by Robbins (1993), expect a daily water flux 
in these animals between 620–670 ml. Cultivated fruits, vegetables and 
greens contain a higher amount of water compared to the natural foods of 
these primates. Also according to personal observation no intake of water 
from a pan is observed when huge amount of cultured fruits, vegetables 
and greens are fed. Thus, it could be hypothesized that the high propor-
tion of very water-rich food items leads to an excessive water intake with 
consequences on faecal consistency. 

An interesting correlation found in this study was the one between 
both dietary and faecal protein content and faeces consistency. Although 
the mean dietary protein content of the diets used in the trials was higher 
than that reported for free-ranging colobines, the difference does not appear 
very drastic. However, one should note that crude protein data given for 
the diet of free-ranging animals, as that given in Table 1, is still likely to be 
an overestimate (Lawrence et al. 2005). Protein (N × 6.25) can be chemically 
bound (acid detergent insoluble nitrogen = ADIN) and cannot be digested 
in the rumen (Van Soest 1994), however no information is available if ADIN 
is digested in the gut. As analysed by Nĳboer et al. (1997) up to 50 % of the 
analysed crude protein in the diets of free-ranging lemurs can consist of 
ADIN and therefore be unavailable for “rumen” fermentation. Thus, mim-
icking such a calculated protein content with protein sources of completely 
available protein will lead to an oversupply of available protein. Whether 
such an oversupply is of any physiological consequence, or can be compen-
sated by the animal, largely remains to be investigated in wild herbivore 
species. Moreover, it cannot be excluded that the observed effect of dietary 
protein on faecal score is not causal, but linked to other characteristic of the 
diet. However, the fact that protein did have an independent influence on 
faeces consistency could indicate that when designing diets for folivorous 
primates, moderate contents of available protein might be advisable.
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Conclusions

In this set of data from colobine monkeys, faeces consistency is depend-
ent on dietary water content (negative influence), dietary protein content 
(negative influence), and dietary fibre content (positive influence). The 
observation that in captive animals, faeces of a so�er consistency are 
observed than in free-ranging animals, corresponds to the fact that diets of 
captive individuals are o�en lower in fibre, and higher in available protein, 
than reported diets of free-ranging colobines. Therefore, captive feeding 
regimes should strive to increase fibre content while keeping (available) 
protein content moderate.
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