
India is currently producing 3.725 million tons of chicken 

meat and 70 billion of hen eggs/year (Chatterjee, 2016). 

The contribution of poultry sector to India's GDP is 

approximately 1%. Chick growth and development are 

dependent upon nutrient digestion and absorption which is 

a direct result of the functional and morphological 

development of the small intestine (Uni et al., 1999). The 

entire length of intestinal mucosa studded with villi of 

variable shapes and size were lined by simple tall 

columnar cells with goblet and enterochromafn cells 

(Nasrin et al., 2012; Kachave et al., 2009; Rana et al., 

2015). The duodenum had the greatest absorptive surface 

along the intestine as indicated by the higher and denser 

villi as compared with the jejunum and ileum (Baranylova 

and Holman, 1976). The age related developmental 

changes were lacking in birds hence, the present study has 

been planned in the broiler chickens.

MATERIALS AND METHODS

 The present study was conducted on 36 broiler 

chickens of 07-42 days of age. These birds were divided 

into 6 groups having 6 birds in each group. The tissues 

collected from different parts of duodenum, jejunum and 

ileum along with their respective junctions were xed in 

10% neutral buffered formalin solution for 48 hours.  The 

tissues were processed for routine parafn technique and 

sections of 5-6 µ were cut and stained with routine Harri's 

haematoxylin and eosin stain, McManus' method, PAS-

Alcian blue, Alcian blue, colloidal iron, Mayer's 

mucicarmine, Weigert's method, Gomori's method (Luna, 

1968), Fontana method (Humason, 1972) and Crossman's 

trichrome stain (Crossman, 1937) to demonstrate the 

different constituents of the tissues.

RESULTS AND DISCUSSION

The duodeno-gizzard junction was characterized by the 

presence of the duodenal villi and koilin layer (Figs. 1, 2) 

as reported in fowl (Hodges, 1974). The duodenal villi 

were of varying shapes and size, some of the villi were 

exceptionally large, conical shaped with broader bases 

(Figs. 3, 4) as described in fowl (Nasrin et al., 2012; 

Kadhim et al., 2014). The villi of duodeno-jejunal junction 

were almost similar to those of the duodenum. In jejunum, 

most of the villi were cylindrical with uniform width and 

blunt tips. However, a wave like pattern has been observed 

in broilers (Yamauchi and Isshiki, 1991). Jejuno-ileum 

junction was characterized by a drastic reduction in the 

size of the villi as reported in chicken (Kachave et al., 

2009) and Uttara fowl (Rana et al., 2015). The ileum 

showed the presence of the villi which were comparatively 

smaller than the previous segment as reported in chicken 

(Kachave et al., 2009). However, it was tongue-like in 

broilers (Yamauchi and Isshiki, 1991). The height of the 

villi decreased from duodenum to ileum as reported in 

Uttara fowl (Rana et al., 2015). The height of the villi 

increased with the advancement of age as compared to 

previous age group for the same segment. The epithelium 

of the villi was simple columnar having three types of cells 

i.e. chief, goblet and argentafn cells as described in fowl 
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(Hodges, 1974 and Kachave, 2009). The chief or columnar 

cells had oval to elongated nuclei showing condensation 

of ne chromatin material irregularly present throughout 

the nucleoplasm. The argentafn cells were more in the 

epithelial villi of duodenum than jejunum and ileum as 

reported in ostrich (Bezuidenhout and Aswegen, 1990). 

The number of argentafn cells was increased with the 

advancement of age. The goblet cells were interspersed in 

between the epithelium cells and their number was more in 

ileum than the duodenum and jejunum as described in 

African pied crow (Igwebuike and Eze, 2010; Godwin et 

al., 2016). These cells increased with the advancement of 

age. The nuclei of goblet cells were also narrow elongated 

in shape and pushed towards the basal portion. The goblet 

c e l l s  s h o w e d  s t r o n g  a c t i v i t y  f o r  a c i d i c 

mucopolysaccharides by PAS-AB (Figs. 2, 6). However, 

the neutral mucopolysaccharides were very less, as 

observed in broiler (Ozaydin and Celik, 2012). These cells 

also showed strong afnity for Alcian blue method 

i n d i c a t i n g  t h e  p r e s e n c e  o f  w e a k l y  s u l f a t e d 

mucosubstances, sialomucins and hyaluronic acid 

whereas colloidal iron method demonstrated the presence 

of acidic mucopolysaccharides. A moderate to strong 

activity for Mayer's mucicarmine stain and McManus' 

PAS demonstrated the presence of mucin and glycogen, 

respectively. These activities increased with higher age 

group. The Paneth cells were not observed as reported in 

fowl (Hodges, 1974) and ostrich (Bezuidenhout and 

Aswegen, 1990). 

Lamina propria mucosae were having loose irregular 

connective tissue. A few connective tissue cells in the core 

of the villi were observed. The intestinal glands (Figs. 5, 6) 

were oval to elongated in shape and were continued at the 

pits or the crypts of the villi, which were similar to those of 

fowl (Hodges, 1974 and Kachave et al., 2009). Number 

and size of glandular units increased with age indicating 

that secretory activities increased with age to combat the 

increased rate of digestion. It also contained some diffuse 

lymphoid tissue and solitary lymphatic nodules which 

increased along with the age in the core of the villi. The 

intestinal glands were also having simple columnar type of 

epithelium along with all the three types of cells as present 

in the surface epithelium as observed in fowl (Kachave et 

al., 2009). Only isolated collagen was present and the 

reticular bres formed the basement membrane and 

surrounded the periphery of intestinal glands. No lacteals 

were found in the core of the villi as reported in fowl 

(Kachave et al., 2009). The argentafn cells were more in 

number in intestinal glands (Fig. 4) as compared to villus 

epithelium  and were more in duodenal than jejunum and 

ileum but ileum had more argentafn cells in comparison 

to jejunum. However, it decreased from duodenum to 

ileum in fowl (Hodges, 1974). A few argentafn cells were 

present in the connective tissue of lamina propria. The 

Fig. 1-4. Photomicrograph of duodenal-gizzard junction of 21-

days old chicken showing the villi (V) and presence of Brunner's 

glands (↑). H. & E. x 100   2. Photomicrograph of duodenal-

gizzard junction of 42-days old chicken showing presence of 

acidic mucopolysaccharides (blue colour) in the koilin layer (↑) 

and in the goblet cells of duodenum villi (V). PAS-AB x 100   3. 

Photomicrograph of duodenum of 14-days old chicken showing 

presence of duodenal villi (V) and tunica muscularis (M). H. & E. 

x 100    4. Photomicrograph of duodenum of 35-days old chicken 

showing presence of endocrine cells (black color) in the intestinal 

gland and lamina propria mucosae. Fontana method x 400

Fig. 5-6. Photomicrograph of ileum of 35-days old chicken 

showing presence of villi (V), intestinal glands (G) and tunica 

muscularis (M). H. & E. x 100    6. Photomicrograph of ileum of 

42-days old chicken showing presence of strong reaction of acidic 

mucopolysaccharides in the goblet cells of villi and intestinal 

glands. PAS-AB x 100
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goblet cells showed the presence of different 

mucopolysaccharides with more intensity than those of 

epithelial cells (Figs. 5, 6). Intestinal glands and 

connective tissue cells generally increased along with the 

higher age group in birds.

Lamina muscularis mucosae was very thin and having 

longitudinal oriented layer of smooth muscles however it 

was  well developed in Elanus caeruleu (Hamdi et al., 

2013) and striated scope owls (Al-Saffar and Al-Samawy 

2016). But, it was not reported in the fowl (Kachave, 2009) 

and African pied crow (Igwebuike and Eze, 2010). 

Thickness increased with higher age group birds.

Tunica submucosa was very thin, having few small sized 

blood capillaries and loose irregular connective tissue 

which was in agreement with study in fowl (Hodges, 

1974), striated scope owls (Al-Saffar and Al-Samawy, 

2016) and  African pied crow (Igwebuike and Eze, 2010). 

Submucosal glands or Brunner's glands were observed 

only at the duodeno-gizzard junction of 21 days old birds. 

Tunica muscularis was thicker. Its smooth muscles were 

arranged as an inner circular and an outer longitudinal 

layer which was similar to the earlier observations in fowl 

(Hodges; 1974). However, it was reported three layered in 

fowl (Kachave et al., 2009). Thickness of this layer 

increased with the advancement of age. In between these 

two muscle layers, small nerve bundles representing 

myenteric plexus was also observed. Tunica serosa was 

thicker and also having loose irregular connective tissue, 

blood vessels of varying shapes and size, nerve bers, fatty 

tissue and at mesothelial cell layer. Thickness of serosa 

increased with higher age group birds.
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