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Abstract of thesis presented to the Senate of Universiti Putra 
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MORPHOPHYSIOLOGICAL STUDY OF DIGESTIVE SYSTEM OF 
BARKING DEER (Muntiacus muntjak Raf.) 

 
 

By 
 
 

I KETUT MUDITE ADNYANE 
 

November 2011 
 

 
Chairman  : Professor. Md. Zuki bin Abu Bakar @   

  Zakaria, PhD 
 
Faculty : Veterinary Medicine 
 
 
The morphophysiology of the gastrointestinal tract of barking deer 

(Muntiacus muntjak Raf.) was studied macroscopically and 

microscopically by scanning electron microscopic, histochemical 

and immunohistochemical methods. The results showed that 

composition of teeth was similar to other small ruminants such as 

goats and sheep, except for the presence of canine teeth at the 

upper jaw. The tongue was elongated with a rounded apex and 

contained four types of lingual papillae: filiform, fungiform, vallate 

and large conical papillae. The stomach was divided into rumen, 

reticulum, omasum and abomasum. The rumen was sac-like in 

shape. The reticulum was relatively large (12.33 ± 2.08 cm) in 

length, while the omasum was oval and small (5.00 ± 0.50 cm) in 
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length. On the mucosal surface of the rumen, ruminal papillae 

were densely distributed in all areas of the rumen. The length of 

intestine was relatively short (around 8.68 m) compared to the 

intestine of sheep and goat or other herbivores with ratio of the 

body length to the intestine was 1:9. The mucosal surface of the 

small intestine showed the presence of mucosal fold with intestinal 

villi, while the large intestine had only the mucosal folds. Unlike 

other ruminants, abomasum of barking deer possessed no cardiac 

glands. The salivary, stomach and intestinal glands contained 

acidic and neutral mucopolysaccharides, and glycoconjugates at 

various intensities. Chromogranin A, serotonin, gastrin, 

cholecytokinin, somatostatin and glucagon hormones-producing 

endocrine cells were present in the stomach and intestinal mucosa. 

The endocrine cells in the intestines were generally spindle shaped 

with long cytoplasmic processes ending into the lumen (open cell 

type) while in the stomach and large intestine, the cells were 

occasionally round or spherical in shape (close cell type). An 

uncommon distribution pattern of endocrine cells in the 

gastrointestinal tract of barking deer was noted for 

cholecystokinin- and glucagon-immunoreactive cells. Overall, the 

morphology of the digestive organs revealed that barking deer is 

concentrate selector eaters. 
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Pengerusi  : Professor. Md. Zuki bin Abu Bakar @   
  Zakaria, PhD 

     
 
Fakulti : Perubatan Veterinar 
 
 
Morfofisiologi saluran pencernaan dari kijang (Muntiacus muntjak 

Raf.) diperiksa secara makroskopik dan mikroskopik 

menggunakan mikroskop pengimbas elektron, melalui kaedah 

histokimia dan kaedah imunohistokimia. Hasil kajian 

menunjukkan bahawa komposisi gigi kijang adalah serupa dengan 

haiwan ruminan kecil lain seperti kambing dan biri-biri, kecuali 

kewujudan gigi taring di rahang atas. Lidah kijang memanjang 

dengan hujung yang bulat dan mempunyai empat jenis papilla 

iaitu: papilla filiform, fungiform, valat dan papilla kon besar. Perut 

kijang terbahagi kepada rumen, retikulum, omasum, dan 

abomasum. Rumen mempunyai bentuk seperti kantung, retikulum 

secara relatifnya lebih besar (12.33 ± 2.08 cm), manakala omasum 
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berbentuk oval dan bersaiz lebih kecil (5.00 ± 0.50 cm) . Pada 

permukaan mukosa rumen, papila rumen diagihkan secara padat 

ke semua bahagian rumen. Usus kijang secara relatifnya adalah 

lebih pendek (sekitar 8.68 m) berbanding dengan usus biri-biri dan 

kambing serta haiwan herbivora lain dengan nisbah panjang 

tubuh ke atas usus sebanyak 1:9. Permukaan mukosa usus kecil 

menunjukkan kehadiran lipatan mukosa dengan vili usus, 

manakala usus besar hanya menunjukkan lipatan mukosa sahaja. 

Tidak seperti ruminan lain, abomasum kijang tidak memiliki 

kelenjar kardiak. Kelenjar air liur, perut dan usus mengandungi  

mukopolisakarida berasid dan neutral, dan glikokonjugat pada 

intensiti yang berbeza. Chromogranin A, serotonin, gastrin, 

cholecytokinin, somatostatin dan sel-sel endokrin yang 

menghasilkan hormon glukagon ditunjukkan di dalam perut dan 

mukosa usus. Sel-sel dalam usus umumnya berbentuk spindel 

dengan unjuran sitoplasma panjang berakhir di dalam lumen 

(jenis sel terbuka), manakala di dalam perut dan usus besar, sel-

selnya kadangkala berbentuk bulat atau bujur (jenis sel tertutup). 

Pola taburan yang luar biasa direkodkan bagi kolesistokinin dan 

sel imunoreaktif glukagon pada sel endokrin di saluran 

pencernaan kijang. Secara keseluruhan, dari pemerhatian 

morfologi organ-organ pencernaan kijang menunjukkan jenis 

pemakan konsentrat. 
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3.27 Scanning electron micrograph of reticulum of 
barking deer showing numerous conical papillae 
that are present on the base and reticular crest 
(arrow). 

78 

3.28 Microphotograph of the reticulum mucosa of 
barking deer. Note that the tips of the reticulum 
papillae are covered by hard keratinized cells (arrow 
head).  MM, muscular mucosa; SM, sub mucosa; 
TM, muscularis externa; The tips of the reticulum 
papillae covered by the hard keratinized cells (arrow 
head); Bundle of smooth muscle (asterisk). H&E 
staining.  

79 

3.29 Photograph of the vertical cross section of the 
omasum of barking deer (Muntiacus muntjak Raf.) 
showing numerous of laminae omasi. I, first order; 
II, second order; III, third order. Each of laminae is 
studded by conical and filiform papillae. 
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3.30 Scanning electron micrographs of the omasal 
papillae of barking deer. A) at low magnification, B) 
high magnification showing the tips of papillae are 
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covered with keratinized cells (arrows).   

3.31 Microphotograph of the lamina omasi of barking 
deer showing the first order (I), second order (II) and  
third order (III) of lamina omasi. H&E staining. 
Scale bar: 2000 µm 

83 

3.32 The omasum and abomasum of barking deer.  84 

3.33 Microphotograph of the oxyntic gland (A) and 
pyloric gland (B) in the abomasum of barking deer. 
H&E staining.  

86 

3.34 Microphotograph of the oxyntic gland in the 
abomasum of barking deer shows the glandular 
mucosa comprised of the simple columnar 
epithelium, mucous neck cells, parietal cells and 
chief cells. H&E staining. Scale bar = 50 µm. 

87 

3.35 Microphotograph of the pyloric gland in the 
abomasum of barking deer showing the glandular 
mucosa comprised of simple columnar epithelium 
and predominant mucous neck cells. H&E staining. 
Scale bar = 50 µm. 

88 

3.36 The small and large intestines of barking deer. 1, 
duodenum; 2, jejujum; 3, caecum; 4, ascending 
colon; 5, descending colon; 6, rectum. Scale bar 2 
cm. 

90 

3.37 Microphotograph shows the histological structure of 
the duodenum (A), jejunum (B), and ileum (C) of 
barking deer. Note Brunner’s gland (BR) in the 
duodenum and Payer Patch (PP) in the ileum. The 
height of villi is gradually decreased towards the 
ileum. H&E staining. 

92 

3.38 The wall thickness of small intestine of barking 
deer, Muntiacus muntjak Raf. 

92 

3.39 Photograph showing structure of the ascending 
colon of barking deer. The centripetal turn (blue 
arrows) and centrifugal turn (yellow arrows) of 
colon.  Scale bar 2 cm. 

94 

3.40 Microphotograph shows the histological structure of 
the caecum (A), colon (B) and rectum (C) of barking 
deer. H&E staining.   
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3.41 The composition thickness of large intestinal wall of 
barking deer, Muntiacus muntjak Raf. 

95 

4.1 Microphotographs show the distribution of acidic 
carbohydrates (A) and neutral carbohydrates (B) in 
the parotid glands of barking deer. No positive 
reaction are found in the cytoplasm of the acinar 
cells.  A, alcian blue (AB pH 2.5) and B, periodic 
acidic Schiff (PAS) staining. Scale bars = 50 µm 

125 

4.2 Microphotographs showing the distribution of acidic 
carbohydrates (A) and neutral carbohydrates (B) in 
the mandibular glands of barking deer. The 
secretion in the mucous cells (m) and in the duct 
lumen (asterisk) showing positive reaction with 
strong intensities to both AB pH 2.5 and PAS 
staining. The serous cells (s) give negative reaction. 
A, alcian blue (AB pH 2.5) and B, periodic acidic 
Schiff (PAS) staining. Scale bars = 50 µm. 

126 

4.3 Microphotographs showing Con A, SBA, WGA, DBA, 
RCA and PNA staining in the parotid glands of 
barking deer. WGA is strongly positive in the serous 
cells (S). UEA, RCA and PNA are weakly positive, 
while DBA is negative in the serous cells. DBA is 
strongly positive in the endothelium cells of the 
blood vessel (yellow arrows) but negative in the 
gland (gl). C(-), negative control; d, duct gland. 
Scale bars = 50 µm. 

129 

4.4 Microphotographs showing Con A, SBA, WGA, DBA, 
RCA and PNA staining in the mandibular glands of 
barking deer. Con A, SBA, WGA, RCA, PNA are 
weakly positive in the serous cells (red arrows), 
while DBA and UEA are negative. Con A, SBA, UEA 
are moderately positive, while WGA, DBA and RCA 
are strongly positive in the mucous cells (yellow 
arrows). C(-), negative control. Scale bars = 50 µm. 

131 

4.5 Microphotographs showing DBA and PNA staining 
in the excretory duct of mandibular glands of 
barking deer. DBA and PNA are strongly positive in 
the goblet cells (arrows) and secretion in the duct 
lumen (asterisk). DBA is also strongly positive in 
the endothelial cells of blood vessel (BV). Scale bars 
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= 50 µm. 

4.6 Microphotographs show the distribution of acidic 
carbohydrates (A) and neutral carbohydrates (B) in 
the oxyntic glands of barking deer. Positive reaction 
with weak intensities is found in the epithelium 
lining surface (Se) and moderate intensities in the 
mucous neck cells (Nc) for AB pH 2.5 (A). Positive 
reaction with strong intensities for PAS are found in 
the epithelium lining surface (Se) and in the 
mucous neck cells (Nc). The secreted materials in 
the lumen showing positive reaction with moderate 
intensities (asterisk). A, alcian blue (AB pH 2.5) and 
B, periodic acidic Schiff (PAS staining. Scale bars = 
100 µm. 

135 

4.7 Microphotographs show the distribution of acidic 
carbohydrates (A) and neutral carbohydrates (B) in 
the pyloric glands of barking deer. Mucous 
secretions give strong positive reaction to AB and 
PAS stain in the lumen (asterisk), gastric pit (Gp) 
and pyloric gland (Pg). A, alcian blue (AB pH 2.5) 
and B, periodic acidic Schiff (PAS). staining. Scale 
bars = 50 µm. 

136 

4.8 Microphotographs showing the distribution of acidic 
carbohydrates (A) and neutral carbohydrates (B) in 
the duodenum of barking deer. Brunner’s gland 
(asterisk), and goblet cells (Gc) stain with strong 
intensities with AB pH 2.5 and PAS. Lieberkuhn 
gland (Li). A, alcian blue (AB pH 2.5) and B, 
periodic acidic Schiff (PAS) staining. Scale bars = 
200 µm. 

138 

4.9 Microphotographs showing the distribution of acidic 
carbohydrates (A) and neutral carbohydrates (B) in 
the jejunum of barking deer. Positive reaction are 
found in the goblet cells (Gc) and in the lieberkuhn 
glands (Li)A, alcian blue (AB pH 2.5) and B, periodic 
acidic Schiff (PAS) staining. Scale bars = 200 µm. 

139 

4.10 Microphotographs showing the distribution of acidic 
carbohydrates (A) and neutral carbohydrates (B) in 
the ileum of barking deer. Peyer’s patch (pp) in the 
sub mucosa layer.  A, alcian blue (AB pH 2.5) and 
B, periodic acidic Schiff (PAS) staining. Scale bars = 
200 µm, B = 500 µm. 
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4.11 Microphotographs showing the distribution of acidic 
carbohydrates (A) and neutral carbohydrates (B) in 
the caecum of barking deer. A, alcian blue (AB pH 
2.5) and B, periodic acidic Schiff (PAS) staining. 
Scale bars = 100 µm. 

142 

4.12 Microphotographs showing the distribution of acidic 
carbohydrates (A) and neutral carbohydrates (B) in 
the colon of barking deer. A, alcian blue (AB pH 2.5) 
and B, periodic acidic Schiff (PAS) staining. Scale 
bars = 100 µm. 

143 

4.13 Microphotographs show the distribution of acidic 
carbohydrates (A) and neutral carbohydrates (B) in 
the rectum of barking deer.  A, alcian blue (AB pH 
2.5) and B, periodic acidic Schiff (PAS) staining. 
Scale bars = 100 µm. 

144 

4.14 Microphotographs showing DBA, SBA, RCA and 
WGA staining in the oxyntic gland of barking deer. 
Positive reaction with various intensities are found 
in the mucous surface cells, mucous neck cells, 
parietal cells and chief cells of oxyntic gland. Scale 
bars = 50 µm. 

148 

4.15 Microphotograph showing DBA, UEA, PNA and 
WGA staining in the pyloric glands of barking deer. 
DBA and PNA are strongly positive in the mucous 
surface cells and mucous glands area. UEA is 
strongly positive in the mucous surface cells and 
mucous neck cells, while PNA is strongly positive in 
the mucous surface cells portions only. Scale bars = 
50 µm. 

149 

4.16 Microphotograph showing DBA, SBA, UEA, RCA, 
PNA and WGA staining in the duodenum of barking 
deer. DBA, SBA and WGA are strongly positive in 
the Brunner’s gland.  Positive reaction with various 
intensities is found in the goblet cells, lieberkuhn 
gland, and Brunner gland of the duodenum. PNA 
give negative reaction in the lieberkuhn gland of 
duodenum. BR, Brunner gland; LB, Lieberkuhn 
gland.  Scale bars = 50 µm. 
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4.17 Microphotograph showing DBA, SBA, UEA and PNA 
staining in the jejunum of barking deer. Scale bars 
= 100 µm. 
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4.18 Microphotograph showing DBA, SBA, RCA and 
WGA staining in the ileum of barking deer. Peyer’s’s 
patch (pp) in the submucosa layer. Scale bars = 100 
µm. 

155 

4.19 Microphotograph showing DBA, SBA, RCA and 
WGA staining in the caecum of barking deer.  Scale 
bars = 50 µm. 

159 

4.20 Microphotograph showing DBA, SBA, PNA and 
WGA staining in the colon of barking deer. Scale 
bars = 50 µm. 

160 

4.21 Microphotograph showing DBA, SBA, RCA and 
WGA staining in the rectum of barking deer. Scale 
bars = 50 µm. 

161 

5.1 Microphotographs show A) chromogranin-IR cells in 
the medial to the basal region of the oxyntic gland 
of barking deer, and B) the chromogranin-IR cells 
are distributed among the parietal and chief cells. 

185 

5.2 Microphotographs of chromogranin-IR cells in the 
abomasum of barking deer. A) The chromogranin-IR 
cells in the medial to the basal region of the oxyntic 
gland. B) Close type chromogranin-IR cells 
distributed in the pyloric gland. 

186 

5.3 Microphotographs of chromogranin-IR cells in the 
abomasum of barking deer. A) The chromogranin-IR 
cells in the medial to the basal region of the oxyntic 
gland. B) Close type chromogranin-IR cells 
distributed in the pyloric gland. 

187 

5.4 Microphotographs of chromogranin-IR cells in the 
jejunum of barking deer. A) The chromogranin-IR 
cells are distributed in the intestinal epithelia and 
intestinal gland. B) Open type cells in the intestinal 
epithelia. C) Open and closed type cells in the 
intestinal gland. 

188 

5.5 Microphotographs of chromogranin-IR cells in the 
ileum of barking deer. A) The chromogranin-IR cells 
are distributed in the intestinal epithelia and 
intestinal gland. B) Open type cells in the intestinal 
epithelia. C) Open and close type cells in the 
intestinal gland.  
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5.6 Microphotographs of chromogranin-IR cells in the 
cecum of barking deer. A) The chromogranin-IR 
cells are distributed in the intestinal epithelia and 
intestinal gland. B) Open type cells in the intestinal 
epithelia. C) Closed type cells in the intestinal 
gland. D) Open type cells in the intestinal gland. 

190 

5.7 Microphotographs of chromogranin-IR cells in the 
colon of barking deer. A) The chromogranin-IR cells 
are distributed in the intestinal epithelial cells 
(arrow) and intestinal gland. B) Open type IR cells 
in the intestinal epithelial cells. C) Closed type cells 
in the intestinal gland. D) Open type cells in the 
intestinal gland with basal cytoplasmic processes 
(arrow). 

191 

5.8 Microphotographs of chromogranin-IR cells in the 
rectum of barking deer. A) The chromogranin-IR 
cells are distributed in the intestinal epithelia and 
intestinal gland (arrows). B) Open type cells in the 
intestinal epithelia. C) Open type cells in the 
intestinal gland with the cytoplasmic processes 
reach the lumen of the gland. 

192 

5.9 Microphotographs of serotonin-IR cells in the 
oxyntic gland of barking deer. A) The serotonin-IR 
cells are distributed in the middle to the basal 
region.  B) At higher magnification, the serotonin-IR 
cells are demonstrated among the parietal and chief 
cells. 

195 

5.10 Microphotographs of serotonin-IR cells in the 
pyloric gland of barking deer. A) The serotonin-IR 
cells are distributed in the middle to the basal 
region.  B) A higher magnification (from the box in 
A) shows the serotonin-IR cells are distributed 
among gland cells. 

196 

5.11 Microphotographs of serotonin-IR cells in the 
duodenum of barking deer. A) The serotonin—IR 
cells are distributed in intestinal epithelia and 
intestinal gland.  B, Open type cells in the intestinal 
epithelia. C, closed and open types cells in the 
intestinal gland region. Bar B, 25 µm. 
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5.12 Microphotographs of serotonin-IR cells in the 
jejunum of barking deer. A) The serotonin-IR cells 
distributed in intestinal epithelia and intestinal 
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gland. B) Close and open type cells in the intestinal 
gland region. 

5.13 Microphotographs of serotonin-IR cells in the ileum 
of barking deer. A) The serotonin-IR cells are 
distributed in intestinal epithelial cells and 
intestinal gland.  B)  At a higher magnification (from 
the box in A).  Bar A, 50 µm. and B,  25 µm. 

199 

5.14 Microphotographs of gastrin-IR cells in the oxyntic 
gland of barking deer. Note the gastrin-IR cells 
(arrows) are distributed in the middle region (A) and 
in the basal region (B). 

201 

5.15 Microphotographs of gastrin-IR cells in the pyloric 
gland of barking deer. A) The gastrin-IR cells are 
distributed in the middle region. B) At a higher 
magnification (from the box in A), gastrin-IR cells 
are distributed among the gland cells. 

202 

5.16 Microphotographs of gastrin-IR cells (arrows) in the 
duodenum of barking deer. A) The gastrin-IR cells 
are distributed in intestinal epithelia and intestinal 
gland.  B) Closed type cells (arrows) in the intestinal 
gland and Brunner’s gland (asterisk). 

203 

5.17 Microphotographs of cholecytokinin-IR cells in the 
oxyntic gland of barking deer. A) Cholecytokinin-IR 
cells cells (arrows) are distributed in the middle and 
the basal region. B) Higher magnification (from the 
box in A). 

205 

5.18 Microphotographs of cholecytokinin-IR cells in the 
pyloric gland of barking deer. A) The 
cholecytokinin-IR cells are distributed in the middle 
region.  B) A higher magnification showing open 
type cells. 

206 

5.19 Microphotographs of cholecytokinin-IR cells in the 
duodenum of barking deer. A) The cholecytokinin-
IR cells are distributed in the intestinal epithelia 
and intestinal gland. B) Open type cells (arrows) in 
the intestinal epithelia. C) Open type cells (arrow) in 
the in the Brunner’s gland (asterisk) show the 
cytoplasmic processes reached the lumen of the 
gland.  
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5.20 Microphotographs of cholecytokinin-IR cells in the 
jejunum of barking deer. A) The cholecytokinin-IR 
cells are distributed in the intestinal epithelia and 
intestinal gland. B) A higher magnification (from the 
box in A) show ohe open and closed type cells in the 
intestinal gland of the jejunum. 

208 

5.21 Microphotographs of cholecytokinin-IR cells in the 
ileum of barking deer. A) The cholecytokinin-IR cells 
are distributed in the intestinal epithelia and 
intestinal gland. B) Open type cells in the intestinal 
epithelia. C) Open type cells in the intestinal gland 
of the ileum 

209 

5.22 Microphotographs of somatostatin-IR cells in the 
oxyntic gland of barking deer. A) The somatostatin-
IR cells are distributed in the basal region. B) At a 
higher magnification (from the box in A), 
somatostatin-IR shows the basal process cells 
(arrow head). 

211 

5.23 Microphotographs of somatostatin-IR cells in the 
pyloric gland of barking deer. A) The somatostatin-
IR cells are mainly distributed in the middle region. 
B) Open type cells in the intestinal epithelia. C) The 
somatostatin-IR cells show the polymorphic in 
shape and situated in the intestinal gland. 

212 

5.24 Microphotographs of somatostatin-IR cells in the 
duodenum of barking deer. A) The somatostatin-IR 
cells are mainly distributed in basal region. B) Open 
type cells in the intestinal epithelia. C) Open and 
close types cells in the intestinal gland and 
Brunner’s gland (asterisk). 
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5.25 Microphotographs of somatostatin-IR cells in the 
jejunum of barking deer. A) The somatostatin-IR 
cells in the intestinal epithelia. B) Open type cell 
characterized by the cytoplasmic processes reach 
the lumen of intestinal gland.  
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5.26 Microphotographs of somatostatin-IR cells in the 
ileum of barking deer. A) The somatostatin-IR cells 
are distributed in the basal region. B) Open type 
cells in the intestinal gland. 

 

214 



© C
OPYRIG

HT U
PM

!
!

xxxi!

5.27 Microphotographs of somatostatin-IR cells in the 
cecum of barking deer. A) The somatostatin-IR cells 
are distributed in the middle to the basal region. B) 
At a higher magnification (from the box in A). 

215 

5.28 Microphotographs of glucagon-IR cells in the 
oxyntic gland of barking deer. A) The glucagon-IR 
cells are distributed in the basal region. B) A higher 
magnification show the glucagon-IR cells are 
situated among the parietal and chief cells. 

217 

5.29 Microphotographs of glucagon-IR cells in the pyloric 
gland of barking deer. A) The glucagon-IR cells are 
distributed in the middle region. B) A higher 
magnification (from the box in A) shows the 
glucagon-IR cells are situated among the gland 
cells. 

218 

5.30 Microphotograph of glucagon-IR cells in the 
duodenum of barking deer shows no glucagon-IR 
cell is found in the Brunner’s gland (asterisk). 
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5.31 Microphotograph of glucagon-immunoreactive cells 
in the jejunum of barking deer. 

219 

5.32 Microphotographs show A) the glucagon-IR cells in 
the ileum of barking deer, B) open type cells in the 
intestinal epithelia (B), and C) open type cells in the 
intestinal gland. 
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5.33 Microphotograph of glucagon-IR cells in the cecum 
of barking deer. 
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CHAPTER 1 

 

INTRODUCTION 

 

Indonesia and Malaysia are known as countries of 

megabiodiversity and rich with substantial biological resources, 

which many of them have not been explored. Nevertheless, the 

populations of several animal species tend to decrease year by 

year. This condition has been caused by habitat damage due to 

exploitation of the forest for settlement and plantations, forest 

fires, and uncontrolled hunting activities (Corbet and Hill, 1992; 

Wilson and Reeder, 2005; Farida et al., 2006). 

 

The common barking deer or Indian muntjak (Muntiacus muntjak) 

also known as a kijang, kakad or muntjak is a ruminant animal 

belonging to the genus Muntiacus, family Muntiacinae within the 

order Cervidae. The animal inhabits the rain forests, areas of dense 

vegetation, hilly country, and monsoon forests in southern and 

southeastern Asia, from eastern part of Pakistan through India and 

Nepal, across Southeast Asia (including Malaysia and Indonesia) 

and southern China (Lekagul and McNeely, 1977; Ohtaishi and 

Gao, 1990; Long, 2003; Farida et al., 2006). 
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There are ten species recognized under genus Muntiacus, and 

currently there are fifteen known sub-species of Muntiacus 

muntjak. The barking deer is the oldest of all known deer and are 

therefore prehistoric; since they retain characteristics, which have 

disappeared in our own native species of deer. The barking deer is 

the smallest of our resident deer and is still not fully understood, 

which makes the study of them immensely interesting. A mature 

male animal may reach a height of 43-46 cm at the shoulder and 

weight around 15-25 kg. The female is slightly smaller. Barking 

deer bucks have long pedicles from which relatively small antlers 

grow. Both sexes have canine teeth or tusks (Whitehead, 1972; 

Lekagul and McNeely, 1977; Ma et al., 1986; Ohtaishi and Gao, 

1990; Long, 2003).  

 

It is stated that barking deer is more omnivorous, feeding on herbs, 

fruit, bird’s eggs, small animals, sprouts, seeds and grasses. They 

use their canines to bite and their forelegs to deliver strong blows 

in order to catch small warm-blooded animals (Whitehead, 1972; 

Farida et al., 2006). This is an interesting feeding behavior that is 

different from those of the common ruminants. To our knowledge, 

no report is available to support and describe the interesting and 

peculiar aspect of the digestive function of this species.   
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Morphological features of the gastrointestinal tract can reflect the 

digestive function. External and internal structures of the organs 

can suggest specific functions of the area. In ruminants such as 

cattle, sheep and goat, the forestomach is a very important site of 

fermentation and digestion that provide important volatile fatty 

acids and amino acids for the animal tissues. Internal structures of 

the stomach reflect specific function for those purposes. The 

density and morphology of the intestinal villi also reflect absorption 

process and passage of the ingesta. Enzymes, mucins and saliva 

are secreted by stomach and intestinal glands. These functions can 

be studied by observing the histochemical characteristics of the 

glands (Tamate et al., 1971; Barry, 1977; Saber and Hofmann, 

1984; Hofmann, 1988; Yamamoto et al., 1991; Rowell-Schafer et 

al., 2001; Mackie, 2002a; Soveri and Nieminen, 2007; Hofmann et 

al., 2008; Clauss et al., 2009).  

 

Furthermore, gut hormones regulate digestive functions. Various 

hormones are secreted by many kinds of gut endocrine cells that 

are scattered among the intestinal epithelium. Distribution and 

frequency of occurrence of the various gut hormone-producing 

cells in the digestive tract reflect the characteristic regulation of the 

digestive function (Bordi et al., 1991; Castaldo et al., 1991; 

Castaldo and Lucini, 1991; Falkmer, 1993; Hiratsuka et al., 1996; 

Groff and Youson, 1997; Baltazar et al., 1998; Dall'Aglio et al., 



© C
OPYRIG

HT U
PM

!
!

4!

1999; Agungpriyono et al., 2000; Ahlman and Nilsson, 2001; 

Eerdunchaolu et al., 2001; Ku et al., 2002; Cinar et al., 2006). 

 

Morphological studies of the digestive tract of domestic ruminants 

such as cattle, buffalo, goat and sheep have been well documented. 

In wild ruminants, such studies have been partly reported for 

certain species such as lesser mouse deer (Tragulus javanicus), 

sambar deer (Cervus unicolor unicolor) and the Japanese serow 

(Agungpriyono et al., 1992; Agungpriyono et al., 1995; Stafford, 

1995; Yamamoto et al., 1998). 

 

Despite so many studies on the genetic and taxonomy of barking 

deer, there are only few biological and physiological information 

available on the organ system of the animal, especially the 

digestive system. So far, no information has been reported on the 

morphology of the gastrointestinal tract of barking deer, Muntiacus 

muntjak. Therefore, the current study was conducted with the 

following objectives:  

 

1. to define the gross morphological characteristics of the 

digestive system of barking deer. 

2. to define the histological structure of the digestive organs 

with special reference to the histochemical properties of the 

stomach and intestinal glands. 
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3. to define the distribution of glycoconjugates that reflect the 

glandular activities in the stomach and intestinal glands.  

4. to define the distribution and frequency of gut endocrine cell 

that produce the digestive regulating hormones. 

5. to describe a possible digestive function, feeding habit and 

food type of the animal based on morphological,  

histochemical, and immunohistochemical findings. 
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