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Summary

Food selection is one of the most basic aspects of a primate’s ecology, particularly in their

natural habitat. Several factors influence food selection of colobine monkeys, of which nutritional

factors, especially protein, fibre and secondary compounds are considered key determinants.

While some colobines are food selective, black-shanked douc langurs (Pygathrix nigripes)

consume a wide range of parts of many plant species. However, the influence of phytochemistry on

food choice has not yet been analysed for these doucs in their natural habitat. Based on our studies

on feeding ecology of the black-shanked douc langurs in southern Vietnam we collected 15 leaf

and two fruit samples of food plants and six leaf samples of non-food plants that occur in high

density in the study area where the black-shanked douc langurs are the largest common folivore.

Samples were analysed for protein, fibre, condensed tannins, ash, and necessary base group and

trace group of minerals. The results showed that digestible fibre (cellulose and hemicellulose) was

higher in food plants but there were no statistically significant differences for any other comparison.

There is no evidence to suggest that the doucs were foraging strategically to maximise their protein

or energy intake, most viable population after that of Khau Ca.

Những kết quả ban đầu về việc lựa chọn thức ăn của loài Chà vá chân
đen (Pygathrix nigripes) ở Nam Việt Nam 

Tóm tắt

Chọn lựa thức ăn là một trong những hướng nghiên cứu khá phổ biến trong các nghiên cứu về
sinh thái dinh dưỡng của các loài linh trưởng sống trong điều kiện tự nhiên. Có nhiều yếu tố được
cho là ảnh hưởng đến sự chọn lựa thức ăn như lá, hoa, quả hay hạt của các loài thuộc phân họ Voọc
(Colobinae), trong đó các yếu tố dinh dưỡng như thành phần prôtêin, chất xơ hay các chất ức chế
tiêu hoá được xem là yếu tố chính. Trong khi một số loài voọc có phổ thức ăn hẹp, loài chà vá chân
đen được cho là loài ăn rất nhiều loại thức ăn của nhiều loài thực vật khác nhau. Cho đến nay vẫn
chưa có các nghiên cứu về việc chọn lựa thức ăn của giống chà vá ở trong tự nhiên. Dựa vào các
kết quả nghiên cứu về sinh thái thức ăn của chà vá chân đen trước đây, chúng tôi đã tiến hành thu
mẫu 15 mẫu lá và 2 mẫu quả là thức ăn của chà vá chân đen và 6 mẫu lá của 6 loài cây có mật độ
cao trong khu vực nghiên cứu nhưng không được chà vá chân đen sử dụng. Các mẫu được phân
tích để xác định prôtêin, xơ, tanin, tro, các nguyên tố đa lượng và vi lượng cần thiết cho cơ thể động
vật. Kết quả cho thấy, chỉ có hàm lượng xơ có thể tiêu hoá (cellulose và hemicelluloses) có thể ảnh
hưởng đến sự chọn lựa thức ăn của chà vá chân đen. Chưa có chứng cứ vững chắc nào để khẳng
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định chà vá chân đen có một chiến lược kiếm ăn nhằm đạt hiệu quả cao nhất về hấp thu prôtêin và
năng lượng.   

Introduction

Food selection is one of the most basic aspects of a primate’s ecology, particularly that of

colobine monkeys. Most colobines have a predominantly folivorous diet and the morphology of their

masticatory and digestive systems are adapted to digest cellulose and denature toxins in leafy

materials (Oates & Davies, 1994; Chivers, 1994). Colobines have sharp high molar cusps with long

shearing crests, deep mandibles and narrow incisors for eating leaves (Lucas & Teaford, 1994) and

the salivary glands are enlarged to enhance digestion (Oates & Davies, 1994). They also have an

enlarged forestomach containing bacteria, adapted for the breakdown of cellulose, which

constitutes the main part of plant material fermentation (Canton, 1998; Kay & Davies, 1994).

Together with the detoxification by bacteria in the forestomach (Canton, 1998), an enlarged liver in

most colobines processes the toxins which many trees produce to protect mature leaves against

predation (Nadler et al., 2003). According to Yeager and Kool (2000) colobines need to select food

high in essential nutrients and low in digestion-inhibiting compounds such as lignin, a structural

fibre which cannot be degraded by the symbiotic gut microorganisms. Thus digestion of other cell

constituents takes place over a prolonged period (Ford et al., 1979; Hungate, 1966; Marquardt et

al., 1978; Osbourn, 1978). Typical Asian colobines prefer young leaves over mature ones because

of the high proportion of protein and low fibre and secondary compounds in young foliage (McKey

et al., 1981; Milton, 1979; Milton et al., 1980; Glander, 1982). Recent studies on a wide range of

nutritional components from a wide variety of plants in the wild showed that the ratio of protein to

fibre (cellulose and lignin combined) was a significant factor in food choice (for Presbytis

rubicunda, Presbytis melalophos: Davies et al., 1988; Colobus satana: McKey et al., 1981; Presbytis

johnii: Oates et al., 1980; Trachypithecus delacouri: Workman, 2010; Workman & Le Van Dung,

2009; Nasalis larvatus: Yeager et al., 1993).) A question that arises from these findings is whether

this conclusion is true to all colobines. To answer this question we conducted a preliminary study

on food selection of the black-shanked douc langur Pygathrix nigripes. This is a large colobine

monkey (Napier & Napier, 1985) endemic to Vietnam and Cambodia (Brandon-Jones et al., 2004;

Groves, 2001; Nadler et al., 2007). The species has been reported to have a diet consisting of

between 40-54% of leaves depending the location (Hoang Minh Duc, 2007; Hoang Minh Duc et al.,

2009; Rawson, 2009). Unlike Delacour's langur that has been reported to eat 42 plant species

(Workman, 2010); the black-shanked douc langurs have been shown to consume more than 150

plant species (Hoang Minh Duc, 2007; Hoang Minh Duc et al., 2009). While nutrient intake from

leaves by the doucs has never been studied quantitatively in the wild a recent quantitative study

conducted on the feeding ecology of captive grey-shanked douc langurs and semi free-ranging

red-shanked douc langurs concluded that these two species are highly folivorous and that they

tended to avoid plant species containing high level of alkaloids, tannins, cyanogenic, and

antimicrobial compounds and chose young leaves rather than mature leaves (Otto, 2005).

This paper reports a preliminary study of food selection in the wild of free-ranging black-

shanked douc langurs.  Specifically we aimed to examine the selection of plant species and

investigate the nutrients supplied by key plants consumed by the black-shanked douc langurs.
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Materials and Methods 

Study Sites

We conducted this research in Nui Chua and Phuoc Binh National Parks (Fig.1).  Both protected

areas are located in the Greater Annamites Ecoregion which is one of the most diverse monsoon

forests in Asia (Baltzer et al., 2001).  These protected areas were chosen because they both have

known populations of black-shanked douc langurs and allowed data to be collected in a range of

altitude, climatic and forest types. Phuoc Binh (located between 11˚58’ - 12˚10’ N and 108˚43’ -

108˚49’ E) is 19,814 ha and is located in the centre of the black-shanked douc langurs range in

Vietnam. It has an annual rainfall of over 2000 mm. The mean maximum and minimum temperatures

are 38.8˚C and 14.2˚C respectively (Nguyen Khanh Van et al., 2000), hence this park has a wet and

humid climate which allows the 3000 human inhabitants to cultivate wet rice and practice shifting

cultivation in the park’s buffer zone (Phuoc Binh Commune People’s Committee, 2005). Nui Chua

(located between 11˚39’ - 11˚48’ N and 109˚04’ - 109˚14’ E) is also known to contain a large

population of black-shanked douc langurs. It covers 22,513 ha with 7,532 ha being a buffer zone

in which there are 14 villages or communes, supporting more than 24,000 people (BirdLife

International & Forest Inventory and Planning Institute, 2001). This park is located in the driest part

of Vietnam and receives an annual average rainfall of 697 mm (Nguyen Khanh Van et al., 2000).

The park has many short streams that drain steep slopes but only six that run in the dry season,

hence the climate here is hot and dry. Both protected areas are described in more detail in Hoang

Minh Duc et al. (2009).  

Fig.1. Location of study areas
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Material

We collected seventeen food plant samples between February and August 2005 for nutritional

analysis. We collected the same plant part from food plants as the doucs were observed to eat,

usually from branches in the mid canopy. The sampled trees were the same species and in the

same locality as the trees where the douc langur groups foraged but sometimes were not the same

tree that the group fed in (following the methods of Chapman et al., 2003) due to the difficulty in

collecting of leaves and or flowers. Samples were air dried in the field and then sealed in plastic

bags for transport to the laboratory. Additionally, to determine if the douc langurs were preferentially

foraging for specific nutrients we also collected non-food samples from plants that we did not

observe the douc langurs foraging, but which were present at high density in the locality where the

douc langurs were foraging. 

Nutrient Analysis

Chemical analyses were undertaken in the laboratory of the Environmental Technology and

Management Centre, Nong Lam University, Ho Chi Minh City by technicians employed by the laboratory.

We examined crude protein, crude fat, soluble carbohydrate, fibre (total cellulose and lignin), Calcium,

Zinc, Iron, Potassium, Manganese, Magnesium and tannin of each specimen (Table 1).

Dried samples were ground in a Wiley mill to pass through a 1-mm mesh screen. Dry matter was

determined by drying a portion of each sample overnight at 105˚C. 

The protein (nitrogen) content of the plant parts was assessed via Kjeldahl procedures (Horwitz,

1970). Crude protein was calculated by assuming a ratio of protein to nitrogen of 6.25 for leaf

samples and 4.3 for fruit samples (Conklin-Bristain et al., 1999).

The structural substances present in plants are mainly composed of cellulose, hemicelluloses,

pentosans, lignin, cutin, and pectin (National Research Council, 2002). The method used in this

study to analyse fibre content (Weeder analysis) was a hydrolytic procedure. For logistic reasons

we determined the main digestible substance as crude cellulose (cellulose and hemicelluloses

combined) (van Soet, 1994), and lignin, was our measure of the indigestible fibre. 

Crude cellulose (cellulose and hemicelluloses combined) was identified following Dang Dinh

Boi and Phan Tat Dat (1995). This procedure is based on solubilisation of lignin and other soluble

constituents. A powdered sample was solubilised in ethanol and benzene solution. After filtration

and washing with water, the residue was gently boiled in distilled water for 2 hrs, then filtered and

washed to solubilise water soluble substances. Lignin was isolated from the remaining liquid using
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Table 1. Methods for Nutrient Analyses.

Parameter Test

Crude protein Kjeldahl test (Horwitz, 1970)

Crude fibre Weeder analysis (Dang Dinh Boi & Phan Tat Dat,1970

Water soluble carbohydrate Bertrand, 1913

Crude fat Soxhlet (petroleum ether) (Carpenter, 2003)

Calcium and Magnesium EDTA titration (Daly & Hill, 2004)

Potassium flame emission (Daly & Hill, 2004)

Iron, Manganese, Zinc Atomic absorption spectrometry (Miles et al., 2001)

Tannin Lowenthal (Barua & Roberts, 1940)



NaOH 0.25N. The residue was recovered and washed with water until alkali free. It was then dried

at 600C for 16 hrs, and this yielded the crude cellulose measure.

Lignin content was determined according to the method described by Dang Dinh Boi and Phan

Tat Dat (1995). The procedure is based on solubilisation of other constituents in suitable solvent

and then precipitation of lignin by 72 % H2SO4.  A powdered sample was solubilised in ethanol (110

ml) and benzene (240 ml) solution for 4 hrs in a Soxhlet apparatus. The powder was then boiled in

distilled water for 1 hr. After filtration through a porous Gooch crucible, the residue was washed with

boiled distilled water and then dried naturally at room temperature. The residue was solubilised in

72 % H2SO4 in ice water for 2 hrs. The mixture was then boiled with distilled water in a conical flask

for 4 hrs then filtered and washed with hot water. The residue was dried at 105˚C for 3-4 hrs, and

this yielded the lignin measure.

Soluble carbohydrates in plants usually consist of the free sugars glucose, fructose and

sucrose. These free sugars are often determinated by HPLC (High-Performance Liquid

Chromatography). In this research, because of logistical constraints, soluble carbohydrates were

assessed by the Bertrand method (Bertrand, 1913).

Two groups of mineral content were identified for the plant samples. The base group included

potassium (K), magnesium (Mg), and calcium (Ca) was determined directly by comparison with the

standard solution using flame emission. The trace group including iron (Fe), manganese (Mn) and

zinc (Zn) was dried, weighed, ashed, and solubilised with hydrochloric acid (Miles et al., 2001) and

then determined by atomic absorption spectrometry according to the procedure outlined by Daly &

Hill (2004).

Secondary metabolites can be classified by their chemical structure or physical properties into

three groups: terpenes, phenols (including tannin), and nitrogen-containing compounds (Taiz & Zeiger,

2000), in this research only tannin, a phenolic compound, was analysed. Tannins were assessed using

the Lowenthal Permanganate Titration (Barua & Robert, 1940). This method relies on the oxidation of

phenols by potassium permanganate solution in the presence of indigo carmine as a ‘red-ox indicator’

to show the end point. The tannin analysis was described by Barua & Robert (1940).

Data analysis

We compared means of the various nutrients in food-plant and non-food-plant groups. Based

on results of frequency of feeding bouts on 60 plant species recorded during continuous scans

between February and August 2005 (Hoang Minh Duc, 2007) we compared mean of nutrients and

tannin between the major food plant group (frequency of feeding scores more than 2%) and the

minor food plant group (frequency of feeding scores fewer than 2%).

Results

The nutrient content varied considerably in the food-plant samples (Appendix). The mean of

crude protein of food plants was 12.3% (SD=3.66%) and mean of crude cellulose (cellulose and

hemicelluloses) was 23.87% (SD=7.26). Within the food-plant group, fruit samples (n=2) contained

less tannin than leaves (n=15) (p = 0.05 see Table 2). Mean crude protein in fruit was less than in

leaves but the difference was not significant. Content of cellulose and lignin in fruit samples were

similar to those in leaves samples (Table 2). Water soluble carbohydrates were in only trace

quantities in the leaves of all plant samples while it was very high (28.8%) in the fruit pulp of

Canarium subulatum (Appendix). 
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The mean tannin content in the leaves of the major food group (n=7 species) was significantly

higher (mean ± 1 sd, 7.39% ± 5.11%) than the minor food group (4.93% ± 4.37%, n=9 species).

Tannin content was lowest (1.79 %) in Diallium cochinchinensis and highest (18.09 %) in Irvingia

malayana (Appendix). This latter species was observed to be consumed often during observation. 

There were no significant differences in mean concentrations of the organic nutrients and crude

protein nutrient composition of leaves taken from known food-plants and non-food plants (Table 3).

Mean cellulose content of food-leaves was significantly higher than non-food leaves (Table 3).

Mean tannin content of all food and non-food leaves was not significantly different. Minerals, mean

ash, and manganese contents were similar between food and non-food leaves (all p > 0.05). Mean

calcium, iron and zinc in food leaves were not significantly different to those in non-food leaves (all

p>0.2, Table 3).

Discussion

There are two main findings from our study. First, we did not find any difference in the crude

protein content of food leaves and non-food leaves, albeit in a small sample. Secondly, the black-

Table 2. Nutrient composition of leaves and fruit samples from food plants. (Note: ** p < 0.01)

Parameter Food leaves

Mean (sd)

n=15

Food fruit

Mean (sd)

n=2

t df p 

(2-tailed)

Crude protein %

Crude cellulose %

Lignin %

Ash %

Calcium %

Magnesium %

Potassium %

Iron g/kg

Manganese mg/kg

Zinc mg/kg

12.30 (3.66)

23.87 (7.26)

22.8 (9.26)

5.51 (1.60)

0.60 (0.34)

0.30 (0.19)

0.61 (0.25)

11.04 (7.30)

145.25 (131.69)

23.18 (21.97)

7.57 (5.76)

21.70 (16.32)

23.52 (14.82)

5.26 (0.92)

0.36 (0.16)

0.14 (0.09)

0.62 (0.16)

18.43 (21.98)

446.76 (56.70)

16.32 (9.19)

1.09

0.19

-0.07

0.35

1.71

1.85

-0.03

-1.08

-5.72

0.80

1.1

1.1

1.1

1.9

2.47

2.20

1.69

15

2.83

2.99

0.45

0.88

0.96

0.77

0.21

0.19

0.99

0.29

0.01**

0.49

Table 3. Nutrient composition of food and non-food leaves (Nui Chua and Phuoc Binh combined data).

Parameter Food leaves

Mean (sd)

n=15

Non-food leaves

Mean (sd)

n=6

t df p 

(2-tailed)

Crude protein %

Crude cellulose %

Lignin %

Ash %

Calcium %

Magnesium %

Potassium %

Iron g/kg

Manganese mg/kg

Zinc mg/kg

12.30 (3.66)

23.87 (7.26)

22.80 (9.26)

5.51 (1.60)

0.60 (0.34)

0.30 (0.19)

0.61 (0.25)

11.04 (7.31)

145.25 (131.69)

23.18 (21.97)

15.36 (5.17)

16.89 (1.61)

24.06 (11.85)

5.39 (3.93)

0.86 (0.94)

0.27 (0.20)

0.59 (0.22)

7.89 (3.75)

133.51 (73.24)

29.29 (7.44)

-1.32

2.30

-0.23

0.11

-0.96

0.36

0.24

1.30

0.26

-0.95

7.12

19

7.58

19

19

8.98

10.17

17.40

16.46

18.84

0.23

0.03

0.83

0.92

0.35

0.73

0.82

0.21

0.80

0.36
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shanked douc langurs we studied selected leaves that were higher in cellulose than non-food

leaves and we found no evidence that tannin was the key determinant of food selection in the black-

shanked douc langurs.

Each primate species has a critical protein content below which it cannot maintain bodily

functions (Milton, 1979; van Soest & Robertson, 1980). Early studies on phytochemistry found that

a high level of protein might be one reason that certain foods were selected (Struhsaker, 1975;

Oates et al., 1977). For smaller herbivorous primates such as the howler monkey (mean weight:

7.55 kg), the critical level of protein content probably ranges from 9 – 11% dry matter (Milton, 1979).

Oftedal (1991) reported that primates would require only 7–11% protein on a dry matter basis for

growth and maintenance, and only 14% (DM) for reproduction. With respect to colobines, protein

demand might be even lower, because they have ability to reuse blood urea for protein synthesis

by microbes (Kay & Davies, 1994). The mean protein content in leaves (12.3%) eaten by the black-

shanked douc langurs in our study was higher than the general protein requirement for primates

but lower than that of semi-free ranging P. nemaeus (14.4%: Otto, 2005). Some plants found in the

study area contained high protein in leaves (25.4%: Derris sp. 2., 14.7%: Cratoxylum

cochinchinensis; see Appendix 1) but were not eaten by the douc langurs. A similar result was

found in non-food leaves of howler monkeys (Milton, 1979) suggesting that protein is perhaps a

factor but not the only factor that influences these monkeys’ food choices. Protein content in leaves

eaten by primates ranges from 12 to16% dry matter (Glander, 1982). Oftedal (1991) argued that it

is unlikely that high dietary level of protein is required by most primates. In this study, crude protein

content of food-leaves did not differ to that of non-food leaves albeit in a small sample. The same

result was reported for Rhinopithecus brelichi where crude protein of plants selected was similar to

those rejected (Bleisch et al., 1998). Those authors also reported that available, rather than crude

protein and total ash may be important determinants of food choice in this species. In our study,

available protein was not identified. For total ash and other minerals, there was no difference

between food leaves and non-food leaves. Dasilva (1992) also reported that Colobus polykomos on

Tiwai Island, Sierra Leone did not select foods based on protein content. The same conclusion was

also reported for two sportive lemur subspecies: Lepilemur mustelinus mustelinus and L. m.

edwardsi (Ganzhorn, 1992).

Colobine monkeys in captivity were reported to require about 10-30% hemicelluloses of dry

matter and 5-15% cellulose of dry matter (National Research Council, 2002). In our study, cellulose

and hemicellulose constituted 23.87% of dry matter in food plants which was similar to the general

primate requirement for cellulose and hemicelluloses. Cellulose and hemicellulose combined are

the main energy constituent of the leaves, and they also maintains stable bacterial colonies in the

forestomach (Kay & Davies, 1994). 

Recent studies suggested that the high ratio between crude protein and crude fibre (cellulose

and hemicelluloses and lignin combined) was the key determinant of food selection in primates

(Davies et al., 1988; McKey et al., 1981; Oates et al., 1980; Workman, 2010; Yeager et al., 1993). In

our study, we found a contradictory result that this ratio in food leaves (0.26) was significantly lower

(t = -2.4, df = 7, p = 0.04) than that in non-food leaves (0.39). Since both cellulose and hemicelluloses

can be digested (van Soet, 1994), we used the ratio of protein to lignin to test if the doucs prefer

leaves with higher ratio of protein to lignin. However, this mean ratio was not significantly different

between food leaves (0.61) and non-food leaves (0.72) (t = -1.03, df = 20, p = 0.32). The ratio of

protein to fibre did not seem to be a reason certain foods were preferred in our study.



Among 15 plant species that were analysed, it is possible that each was chosen by doucs

because it has a high content of a certain required nutrient. Maynard & Loosly (1969) reported that

primates’ food varied considerably in nutritional content and a plant or plant part that is rich in one

nutrient may be poor in another. In our study no nutrient alone, except cellulose, could determine

food selection in P. nigripes.

Plant secondary compounds may play a role in plant selection because they have a toxic effect

on some herbivores or reduce the digestibility of protein (Feeny, 1976; Rhoades & Cates, 1976) and

cellulose (Fischer et al., 1976, Waterman et al., 1980). In this study, we did not find a significant

difference in tannin content between food leaves and non-food leaves. Moreover, we did find

significantly more tannin in the plants that were consumed more often. This may be because the

levels of tannin in the plants were not high enough to deter the monkeys, or that their adaptations

are sufficient to deal with the negative effects of tannins. It has also been suggested that colobines

might reduce the toxic effect of tannins by producing salivary proteins which have a high affinity for

tannins (van Soest, 1994) and by the activity of symbiotic bacteria (Caton, 1998). An assessment

based on food preferences of P. nemaeus (Otto, 2005) found that phenolic compounds, including

tannins, were present in avoided, as well as in preferred food species and food intake was not

clearly related to the presence of individual secondary plant compounds. In this study, tannins did

not appear to be a determinant of food selection.

The food plants consumed by the black-shanked douc langurs do contain a number of other

secondary compounds which are used in traditional Vietnamese medicine (Hoang Minh Duc,

2007). We did not measure these compounds in this study and their selection by black-shanked

douc langurs awaits investigation. As for other secondary compounds, their effect on food selection

of the species is still unclear. The black-shanked douc langurs consumed seeds of Strynchnos spp.

which contains strychnine and brucine (toxic alkaloids) (de Padua et al., 1999; van Wyk & Wink,

2004), and leaves of Derris sp. which potentially contains toxic flavonoid compounds (Chevallier,

1996). Moreover, the secondary compound containing plants were consumed in small amounts

(Hoang Minh Duc, 2007). Small amounts of these metabolites are more easily degraded and

detoxified by the symbiotic bacteria in colobine’s forestomach (Freeland & Janzen, 1974; Glander,

1982; McKey, 1978), preventing the host animal from damage (Freeland & Janzen, 1974; Waterman

et al., 1980). A low concentration of these metabolites may act as medicine for treatment of

intestinal worms, reduce fever or as bitter tonic as reported for Strynchnos spp. (de Padua et al.,

1999; van Wyk & Wink, 2004)

Conclusion

We found no evidence to suggest that protein content or the ratio between crude protein and

crude fibre influenced plant food selection of the black-shanked douc langurs, but the digestible

fibre (cellulose and hemicelluloses) content may influence food selection. Our conclusions about

the influence of phytochemistry on food selection must be tempered in the light of the small samples

that we were able to collect and analyse.
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