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ABSTRACT
This study was aimed at the investigation of the histological and histochemical features of the small intestine in 

the one-humped camel (Camelus dromedarius), in view of the metabolic characteristics of this species. For this purpose, 
the duodenum, jejunum and ileum of 6 healthy adult camels were used. Microscopic examination revealed that the 
length of the mucosal folds (villi) decreased progressively from the duodenum to the ileum. The deepest crypts were 
observed in the duodenum (P<0.001) and the longest villi were detected in the jejunum (P<0.001). Villi with the largest 
crypt diameter were observed in the ileum (P<0.001). The small intestine epithelium consisted of 3 parts: the tip of 
the villus intestinalis, the villus-crypt space and the crypt base. These parts were examined for their histochemical 
features, and data were evaluated subjectively. Goblet cells were rich in neutral carboxylic acidic mucosubstances 
and poor in sulfated acidic mucosubstances. While the concentration of the neutral mucosubstances was higher at the 
tip of the villi, the concentration of the acidic mucosubstances was higher in the crypts. The present study describes 
the histological/histochemical structure of the small intestine in the one-humped camel (Camelus dromedarius) and 
thereby, provides an opportunity for the comparison of findings obtained in camels and other ruminant species.
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The  camel  is  a  pseudo-ruminant,  and  its 
stomach (Eerdunchaolu et al, 1999) and duodenum 
(Althnaian et al, 2012; Althnaian et al, 2013) differ 
morphologically and histologically from those 
of other ruminants. The primary functions of the 
small intestine are digestion and absorption. This 
is achieved by the mixing of food with digestive 
enzymes secreted from the endocrine glands (Guyton 
and Hall, 2006). In domestic animals, the small 
intestine, i.e. the duodenum, jejunum  and  ileum 
share a common histological pattern with some 
specific characteristics of their own (Mescher and 
Jungueira, 2010).

The intestinal mucosa is densely populated 
with microorganisms (both commensal and 
pathogenic) capable of intense metabolic activities, 
such as the fermentation of complex carbohydrates 
contributing to the host metabolism (Macfarlane 
et al, 2006). The gastrointestinal epithelium is 
covered by a protective mucous gel composed 
predominantly of mucin glycoproteins that are 
synthesised and secreted by goblet cells (Specian 
and Oliver, 1991). Goblet cells reside throughout 
the length of the small and large intestines and are 

responsible for the production and maintenance 
of the protective mucous blanket by synthesising 
and secreting high-molecular-weight glycoproteins 
known as mucins (Deplancke and Gaskins, 2001; 
Kim and Khan, 2013). The major function of this 
mucous layer is to lubricate and protect mucosal 
epithelia from damage caused by food, digestive 
secretions, and microorganisms. Mucous also serves 
as a selective barrier for absorption across the small 
intestine (Schrager, 1970; Guyton and Hall, 1997). 
Glycoconjugates are important constituents of the 
intestinal mucosal barrier, which are involved in 
digestion and the absorption of nutrients, as well as 
in the protection of the gut mucosa against possible 
damage from ingested material and interactions 
between cells and pathogens in the intestinal 
lumen (Chae, 1997; Damjanov, 1987; Gelberg et al, 
1992). Some glycoproteins contain no acid groups 
(neutral glycoproteins), whereas, others have limited 
amounts of carboxyl or sulfate radicals (acidic 
mucous substances). The carbohydrate moiety of 
proteoglycans and glycoproteins, containing sulfate 
and carboxyl groups, reacts strongly with the alcian 
blue dye. Neutral glycoproteins can be identified in 




