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			Abstract | Muscovy ducks are becoming an increasingly important source of food worldwide. Caecal microbial digestion is crucial for the growth and maintenance of the health in these birds. The main objective of this study is to understand the anatomy, histology, histochemistry, and distribution of lymphoid tissue in the caeca of Muscovy ducks. Samples from eight healthy adult Muscovy ducks (Cairina moschata) were fixed, processed, sectioned, and stained with Hematoxylin and Eosin as well as Periodic Acid Schiff: Alcian blue pH 2.5 and toluidine blue stains for histochemical analysis. Dissecting microscope measurements and histological measures were taken, and immunohistochemical analysis was performed to evaluate B lymphocyte distribution. The study found that in Muscovy ducks, the left caecum was longer and heavier than the right caecum, and the proximal portion of both caeca was wider and had thicker walls compared to the middle and distal portions. Histologically, the length of villi and depth of crypts were greater in the proximal portion compared to the middle and distal portions. Histochemical analysis showed that acidic glycoprotein was dominant in the villi and crypts, with higher density in the middle portion compared to the proximal and distal portions. The density of glycosaminoglycans was also higher in goblet cells at the basal crypts compared to longitudinal crypts. Immunohistochemical analysis revealed higher levels of lymph follicles and B lymphocytes in the proximal portion compared to the middle and distal portions. The complex architecture suggests that caeca in Muscovy duck play a significant role in microbial digestion and immunological functionality and Insight into caecal morphology enhance bird’s productivity and health.
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			INTRODUCTION

			 

			The poultry industry is the foundation of global food security as it presents a dependable source of meat and eggs to support the nutritional demands, besides the short productivity duration, and the effortless management which recently increase interest in the breeding of birds like ducks and geese in many Iraqi villages (Kshash and Oda, 2019). Over the last two decades, duck meat production has experienced significant growth worldwide, rising from 2.6 million tons in 1998 to 4.5 million tons in 2018 according to the statistical database of food and agriculture organization of the united nations (FAOSTAT, 2020) The Muscovy duck (Cairina moschata) holds a distinct place in terms of domestication, this species was one of the earliest animals to be domesticated in South America and played a crucial role as a source of food and trade (Stahl, 2008). it was used in poultry farming as a result of its considerable size and desirable qualities like leanness, tenderness, and taste (Arias-Sosa and Rojas, 2021).

			The digestive system is essential for the growth and health of birds. It is responsible for breaking down food into smaller absorbable molecules that can be easily utilized by the body to provide energy and maintain overall health (Ravindran and Abdollahi, 2021).

			The large intestine of birds is composed of a pair of caeca and a short, smooth rectum, each caecum is comprised of three portions: proximal, middle, and distal, the caecal wall is primarily composed of lymphoid tissues located at its base, referred to as the caecal tonsils. Studies on ducks have revealed that ducks possess two highly developed caeca that are shaped like long, blind sacs. These caeca are positioned in the dorsocoleomic cavity and originated from the lateral wall of the rectum close to the junction with the ilium (Dziala-Szczepanczyk, 2006; Gofur, 2020).

			Research has revealed that these structures is a key role in various processes, such as the absorption of water, digestion, and absorption of cholesterol, degradation of nitrogenous compounds, and microbial degradation of some carbohydrates, it is also believed that the ceca are an essential in protecting the body against infections (Svihus et al., 2013).

			The caecal microbiota of Muscovy ducks is an important factor in the regulation of metabolism, and fat deposition. The authors emphasized the significant influence of the caecal microbiota on the physiological processes of growth (Lyu et al., 2021).

			many scientific papers have documented the morphology and histology of the digestive system in certain bird species (Casotti, 2001; Lavin et al., 2008; Wang and Peng, 2008; Mobini, 2011). Despite efforts, limited data is available on the structure of the Muscovy duck’s caeca and the histochemistry and distribution architecture of lymphoid tissue within this structure. accordingly, the current study aims to expand the existing knowledge regarding the morphology, histology, histochemistry of the caecal carbohydrate and the distribution of lymphoid tissue, using immunohistochemical techniques against anti-Mouse clone CD40 ligand (CD40L) in the Muscovy duck’s caeca.

			Materials and Methods

			Animals preparation

			Eight healthy adult Muscovy ducks (Cairina moschata) of either sex were used in this study weighing 3.5 to 4 kg obtained from certified birds’ markets. The ducks were raised under ad libitum feeding and watering conditions, the study was achieved at the Department of Anatomy in the College of Veterinary Medicine University of Mosul, Mosul, Iraq. Samples were collected carefully from the coelomic cavity, washed with physiological saline to remove debris and blood then kept in plastic container filled with Davidsons’ fixative prepared according to (Latendresse et al., 2002) for 12 hours later transferred to buffered formalin 10%.

			Morphometrical analysis

			the total length, and weight were measured using the digital Vernier (LOUISWARE, China) and weighing balance (EK-EW, Australia) further measurements performed using the dissecting microscope (Huma scope stereo 14900/5, Germany) included the diameter of caecum, lumen, and thickness of wall.

			Histological and histochemical analysis

			Samples underwent a series of processing steps for histological and histochemical evaluation. First, they were washed with distilled water, trimmed, and dehydrated in ascending grades of ethyl alcohol concentration (70%, 80%, 90%, 100%), then cleared with xylene solution (2 changes) for 30 minutes, followed by infiltration with melted paraffin at 58ºC, and cast into blocks. Thin sections (6 micrometers) were cut from the blocks with a rotary microtome (OS-315, UK), then mounted on glass slides with DPX media, and stained with Harris hematoxylin and eosin according to (Suvarna et al., 2019) protocol, further slides were stained with Periodic acid-Schiff and Alcian blue PAS/AB pH 2.5 stain as well as toluidine blue stains (Thermo Fisher Scientific, USA) for detection of glycoproteins and glycosaminoglycans in tissue sections. It highlights the neutral glycoproteins (mucins) with a red or magenta color and acidic glycoproteins with a blue color. While toluidine blue stain used for demonstration of glycosaminoglycans by pink reaction metachromasia (Jones, 2020). The stained sections were examined with a light microscope (Olympus-Dm-CBAD, Japan) for histological and histomorphometric assessments using an 18.0 MP OMAX digital camera equipped with image processing software. 20 histological sections were randomly selected and the parameters were measured in 10 microscopic fields included the length of caecal villi, depth of caecal crypts, diameter of lymphatic nodules and thickness of the muscular layer.

			Immunohistochemistry analysis

			After the deparaffination and rehydration of the sections and performing antigen retrieval by heating EDTA buffer. The primary antibody against CD40 ligand (CD40L) anti-Mouse clone was applied and incubated overnight, followed by incubation with a secondary antibody conjugated to horseradish peroxidase HRP. The reaction was visualized using DABi (diaminobenzidine) substrate and counterstained with Gill’s hematoxylin, and the sections were then evaluated under a microscope to observe CD40-positive B lymphocytes (Lee et al., 2003).

			Statistical analysis 

			The gross and histological data obtained from the caeca were analyzed to quantify the mean and standard error of the measurements. The statistical analysis was performed using IBM SPSS V.25 software, and included a one-way analysis of variance (ANOVA) followed by a Duncan post-hoc test (Petrie and Watson, 2013). The purpose of this analysis was to evaluate the significant differences among the different caecal portions, with a significance level set at P ≤ 0.05.

			Results and Discussion

			Upon detailed macroscopic examination, it was ascertained that the caeca of the Muscovy duck constitute elongated, tubular, and blind structures that emerge bilaterally from the rectum at the ileorectal junction. The examination further revealed that the left caecum measured 14.51 cm in length and weighed 0.53 g, while the right caecum length was 13.66 cm and weighed 0.49 g. Gross morphological characteristics of the caecum indicated that it was demarcated into three distinct portions according to the thickness of wall, namely the proximal, middle, and distal portions, each of which exhibits significant differences in length. particularly, the middle portion was found to be the longest in both the right and left caecum (Figure 1, Table 1).
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			Figure 1: Photograph illustrates caecum of Muscovy duck with it is distinct portions, scale bar= 3cm.

			The caecal wall was slightly thicker and the diameter was greater at the proximal portion compared to those of the middle and distal portions. However, there were no significant differences in the luminal length among the three portions (Figure 2, Table 2).

			Histological analysis revealed that the caecal wall is composed of four distinctive layers, namely, mucosa, submucosa, muscularis, and serosa. The mucosal layer was characterized by well-developed villi, separated by longitudinal crypts, which extended along the thickness of the mucosal layer. Moreover, the basal portion of the mucosal layer was observed to contain small circular crypts and disseminated lymphatic tissue. Significant differences were observed in the length of villi and depth of caecal crypts across the proximal, middle, and distal regions of the caecum. Villi were found to be significantly longer in the proximal portion, and the depth of caecal crypts was higher in this region compared to the middle and distal (Figure 3, Table 3).
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			Figure 2: Photograph illustrates the lumen and wall of Muscovy duck’s caecum at anterior end of proximal portion (A1), posterior end of proximal portion (A2), anterior end of middle portion (B1), posterior end of middle portion (B2), anterior end of distal portion (C1), posterior end of distal portion. Scale bar =3mm
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			Figure 3: Microphotographs show the layers of Muscovy duck’s caecum, the muscular layer (Ms), the submucosa (Sm), caecal crypts (C), caecal villi (V), the lymph nodules (Ln) at proximal portion (A), middle portion (B), distal portion (C), Hematoxylin and eosin stain, Scale bar = 200µm.

			Table 1: The length measurements of the Muscovy duck caecum.

			
				
					
					
					
					
					
				
				
					
							
							Direction

						
							
							Total length

							M±SEM

						
							
							Proximal portion

							M±SEM (%)

						
							
							Middle portion

							M±SEM (%)

						
							
							Distal portion

							M±SEM (%)

						
					

					
							
							Left caecum (cm)

						
							
							14.51±0.09

						
							
							3.48±0.04(24)a

						
							
							6.24±0.08(43)b

						
							
							4.79±0.06(33)c

						
					

					
							
							Right caecum (cm)

						
							
							13.66±0.07

						
							
							3.28±0.05(23)a

						
							
							5.87±0.09(43)b

						
							
							4.51±0.07(34)c

						
					

				
			

			M: mean, SEM: standard error of mean, %: percentages. Different letters among columns indicate statistical significant differences at P≤0.05.

			Table 2: The gross measurements of the Muscovy duck caecum. 

			
				
					
					
					
					
				
				
					
							
							Variables

						
							
							Proximal portion

							M±SEM 

						
							
							Middle portion

							M±SEM 

						
							
							Distal portion

							M±SEM 

						
					

					
							
							Diameter of caecum (mm)

						
							
							5.12±0.37 a

						
							
							4.07±0.02 b

						
							
							3.78±0.21 a

						
					

					
							
							Lumen (mm)

						
							
							2.34±0.71 a

						
							
							3.19±0.12 a

						
							
							2.82±0.17 a

						
					

					
							
							Wall thickness (mm)

						
							
							0.91±0.01 a

						
							
							0.86±0.01 ab

						
							
							0.48±0.12 b

						
					

				
			

			M: mean, SEM: standard error of mean, %: percentages. Different letters among columns indicate statistical significant differences at P≤0.05.

			Table 3: The histological measurements of the Muscovy duck caecum. 

			
				
					
					
					
					
				
				
					
							
							Variables

						
							
							Proximal portion

							M±SEM 

						
							
							Middle portion

							M±SEM 

						
							
							Distal portion

							M±SEM 

						
					

					
							
							Length of villus (µm)

						
							
							766.65±3.05 ab

						
							
							612.21±4.03 a

						
							
							537.86±2.53 b

						
					

					
							
							Depth of crypts (µm)

						
							
							513.40±3.53 a

						
							
							227.40±4.42 b

						
							
							454.71±1.74 b

						
					

					
							
							Diameter of lymph follicles (µm)

						
							
							79.78±0.19 a

						
							
							69.27±1.44 b

						
							
							67.91±1.32 b

						
					

					
							
							Thickness of muscular layer (µm)

						
							
							127.07±3.40 a

						
							
							87.48±0.75 b

						
							
							45.23±1.37 c

						
					

				
			

			M: mean, SEM: standard error of mean, %: percentages. Different letters among columns indicate statistical significant differences at P≤0.05.

			The lamina propria of the caecal wall was predominantly composed of bundles of collagen fibers and fibrocytes, with diffused lymphatic tissue and lymphatic nodules. The lymphatic nodules were observed to have a greater diameter in the proximal portion compared to the middle and distal portions, with a higher number of nodules in the distal region compared to the rest of the caecum (Table 3).

			The thickness of the muscular layer varied across the different regions of the caecum, the proximal and middle portions being relatively thicker than the distal portion. Additionally, the width of the caecal lumen was found to be wider in the middle region compared to the proximal and distal parts (Table 3).

			The carbohydrate histochemical analysis of the Muscovy duck’s caeca revealed the presence of a significant amount of glycoprotein (mucin), specifically. Both acidic and natural types of glycoprotein were found distributed throughout most of the caecal tissue. The Alcian blue staining indicated that the dominant type of glycoprotein was acidic. The villi of the cecal middle portion showed intense staining activity, suggesting a greater amount of acidic mucin compared to the proximal and distal portions. The goblet cells in the cecal crypts were also strongly stained with Alcian blue, particularly in the proximal and distal portions in comparison to the middle portion. The amount of acidic glycoprotein was less in the middle portion. On the other hand, the neutral glycoprotein content was much lower than the acidic type, with only weak positive staining activity observed in the villi of the middle cecal portion using the periodic acid-Schiff reagent. Negative staining activity was observed at the proximal and distal portions (Figures 4, 5, 6) (Table 4).
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			Figure 4: Microphotographs show the glycoprotein distribution through the caecum, the muscular layer (Ms), the submucosa (Sm), caecal crypts (C), caecal villi (V), the lymph nodules (Ln) at proximal portion (A), at the basal crypt (B), and at the longitudinal crypt (C), acidic reaction (blue arrow) neutral reaction (red arrow), and mixed reaction (yellow arrow), AB/PAS stain, (A) Scale bar=200 µm, (B)(C) Scale bar=20 µm.
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			Figure 5: Microphotographs show the glycoprotein distribution through the caecum, the muscular layer (Ms), the submucosa (Sm), caecal crypts (C), caecal villi (V), at middle portion (A), at the basal crypt (B) , and at the longitudinal crypt (C), acidic reaction (blue arrow) neutral reaction (red arrow), and mixed reaction (yellow arrow), AB/PAS stain, (A) Scale bar=200 µm, (B)(C) Scale bar=20 µm.
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			Figure 6: Microphotographs show the glycoprotein distribution through the caecum, the muscular layer (Ms), the submucosa (Sm), caecal crypts (C), caecal villi (V), the lymph nodules (Ln), at distal portion (A), at the basal crypt (B), and at the longitudinal crypt (C), acidic reaction (blue arrow), neutral reaction (red arrow), and mixed reaction (yellow arrow), AB/PAS stain, (A) Scale bar=200 µm, (B)(C) Scale bar=20 µm.

			Table 4: The histochemical reaction of the Muscovy duck caecum to PAS, AB and, T.B stains.

			
				
					
					
					
					
					
				
				
					
							
							Stain 

						
							
							Variables

						
							
							Proximal portion

						
							
							Middle portion

						
							
							Distal portion

						
					

					
							
							PAS

						
							
							villi

						
							
							-

						
							
							+

						
							
							-

						
					

					
							
							crypts

						
							
							+

						
							
							+

						
							
							+

						
					

					
							
							AB 2.5

						
							
							villi

						
							
							++

						
							
							+++

						
							
							++

						
					

					
							
							crypts

						
							
							+++

						
							
							++

						
							
							+++

						
					

					
							
							T. B

						
							
							Longitudinal crypts 

						
							
							+++

						
							
							++

						
							
							+

						
					

					
							
							Basal crypts 

						
							
							+

						
							
							++

						
							
							+

						
					

				
			

			+++: very strong; ++: strong; +: moderate; -: no reaction.

			The histochemical analysis also revealed positive toluidine blue staining activity in the goblet cells in the longitudinal and basal cecal crypts. However, no positive staining was observed in the villi of most caecal regions. The positive findings represented the staining reaction of glycosaminoglycans (GAGs).

			The quantity and distribution of GAGs varied among the different regions of the caeca and between the longitudinal and basal crypts. At the proximal part of the caecum, the basal crypts exhibited poor positive staining activity due to lower quantities of GAGs. In contrast, the longitudinal crypts showed intense positive staining activity. Additionally, the middle part of the caecum showed moderate positive intensity to toluidine blue in both caecal crypts, indicating an average amount of GAGs. While in the distal part of the caecum, both the longitudinal and basal crypts displayed poor positive staining activity (Figures 7, 8, 9)(Table 4).
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			Figure 7: Microphotographs show the glycosaminoglycans distribution through the caecum, at proximal portion (A), the longitudinal crypt (B) GAGs containing goblet cells (arrows), toluidine blue stain, (A) Scale bar=200 µm, (B) Scale bar=20 µm.
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			Figure 8: Microphotograph show the glycosaminoglycans distribution through the caecum, at middle portion (A), the longitudinal crypt (B) GAGs containing goblet cells (arrows), toluidine blue stain, (A) Scale bar=200 µm, (B) Scale bar=20 µm.

			The results of the immunohistochemical analysis revealed the pattern of distribution and concentration of B lymphocytes in lymphatic nodules across different segments of the caecum. Additionally, positive expression of CD40 markers was observed throughout the lymphatic tissue of the mucosal lamina propria and submucosa layers.
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			Figure 9: Microphotograph show the glycosaminoglycans distribution through the caecum, at distal portion (A), the longitudinal crypt (B) GAGs containing goblet cells (arrows), toluidine blue stain, (A) Scale bar=200 µm, (B) Scale bar=20 µm.

			In the proximal segment of the caecum, there were fewer lymphatic nodules that were large in size and had a higher density of B lymphocytes, primarily distributed at the edge and center of the nodules. Additionally, the middle segment had a greater number of lymphatic nodules, which were large also in size and had a moderate density of B lymphocytes. In the distal segment, the number of lymphatic nodules increased and the size of the nodules decreased progressively. The density of B lymphocytes was lower, distributed at the edge of lymphatic nodules. Notably, positive marker reaction was observed in the diffused lymphoid tissue, specifically around the basal crypts, in the middle and distal segments of the caecum (Figures 10, 11, 12).
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			Figure 10: Microphotographs showing immunohistochemical expression of CD40 in B lymphocytes in the proximal caecal portion and distribution of B lymphocytes (A) control with negative CD40 expression, (B) strong positive expression of CD40 (brown) localized to the cell membrane of B lymphocytes (blue), IHC, scale bar = 50 µm.

			Birds exhibit inter-species variations in caecal anatomy, including the variations in shape, length, thickness of the caecal wall, and symmetry. In addition, differences in histological layers, villi morphology, and lymphatic tissue distribution and organization (Saleh et al., 2022). 
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			Figure 11: Microphotographs showing immunohistochemical expression of CD40 in B lymphocytes in the middle caecal portion and distribution of B lymphocytes (A) control with negative CD40 expression, (B) strong positive expression of CD40 (brown) localized to the cell membrane of B lymphocytes (blue), IHC, scale bar = 50 µm.
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			Figure 12: Microphotographs showing immunohistochemical expression of CD40 in B lymphocytes in the distal caecal portion and distribution of B lymphocytes (A) control with negative CD40 expression, (B) strong positive expression of CD40 (brown) localized to the cell membrane of B lymphocytes (blue), IHC, scale bar = 50 µm.

			This study found that the caeca of Muscovy ducks is composed of two elongated, blind asymmetrical structures, with the left caecum being longer and heavier than the right and each caecum composed of three portions (proximal, middle, and distal). These findings are consistent with those reported by (Dziala-Szczepanczyk, 2006) in long-tailed ducks, where the ceca described as elongated and the left caecum being longer and heavier than the right one. Furthermore, several studies like (Dziala-Szczepanczyk, 2006; Rezaian and Hamedi, 2007; Majeed et al., 2009) conducted in chickens and turkeys have also described the ceca as a pair of blind structures located in the left coelomic cavity, consisting of three distinct parts proximal, middle, and distal. In chickens, the ceca exhibit nearly equal lengths on both sides.

			The data from (Dziala-Szczepanczyk, 2006; Rezaian and Hamedi, 2007; Majeed et al., 2009) studies revealed that the length of chicken’s left caecum was 13.14 cm while that of the right caecum was 13.15 cm. In contrast, the left caecum of the long-tailed duck was 9.07 cm and the right caecum was 7.84 cm. while, in turkeys, the left and right caecum length was 24.25 cm and 23.75 cm, respectively. Notably, these measurements were close to those found in the ceca of Muscovy ducks. 

			The caeca in pigeon according to (Hena et al., 2012) study was very small, rudimentary bud like and was less than 0.36 cm, while in goose was very long fill the ventral coelomic cavity of bird’s body (Baygeldi et al., 2023) these result differ from caecal structure in Muscovy duck. The variations observed in the anatomy of the caeca among different species are attributed to differences in their dietary habits (food nature), flying capability and the variations in the size of the digestive systems.

			Histologically, the caecal wall in Muscovy ducks had four layers: mucosa, submucosa, muscularis, and serosa. The mucosal layer contained numerous villi and crypts that varied across different regions, with longer villi and higher crypt depth in the proximal portion. Moreover, the lamina propria was mostly composed of fibrous connective tissue, with larger and more numerous lymph nodules in the proximal and middle regions. Additionally, the thickness of the muscular layer varied and was thicker in the proximal and middle portions. Various authors have documented comparable observations in ducks, chickens, turkeys, One such observation by (Abd el-wahab et al., 2017) noted that the mucosa layer of ducks consists of multiple villi and crypts which were long and lumen nearly obstructed in proximal portion of caecum became blunted in middle portion and shorter in distal portion and the depth of crypts were high in proximal portion and numerous in distal portion compared to the proximal and middle portions. while, (Majeed et al., 2009) found that chickens exhibit longer well-developed villi in the proximal portion, with deep basal and longitudinal crypts than in the middle and distal portions. Similarly, turkeys according to (Nnadozie et al., 2019) displayed caecal histological layers characterized by a narrow lumen and thick muscular layer in the proximal part, compared to a wider lumen and thinner muscular wall in the middle and distal portions. Notably, the observations in this study differ from those reported by (Yildiz et al., 2019) in quails, who noted that the villi in the proximal part are very short and absent in some regions of the distal part and the thickness of the caecal wall thicker in proximal part compared to the middle and distal one.

			The histochemical findings of the Muscovy duck caeca were found to contain a high amount of glycoprotein, mainly in the form of acidic glycoprotein. The neutral glycoprotein content was significantly lower than the acidic type. The Alcian blue staining technique revealed that the villi of the caecal middle portion contained a greater amount of acidic glycoprotein than the proximal and distal portions. Glycosaminoglycans were positively stained in the goblet cells of the longitudinal and basal caecal crypts and absent in the villi. The quantity and distribution of GAGs were found to differ between the regions of the caecum. The proximal part had lower quantities of GAGs, while the middle and distal parts exhibited an average amount. Several studies, including (Ushakumary et al., 2002; Kumary et al., 2009; Pandit et al., 2018), described how the intensity of acidic glycoprotein was greater in the caeca of adult Uttara fowls and quails, particularly at the caecal crypts and surface epithelium of villi. However, neutral glycoprotein quantities were moderate in small age birds and weak in adult caecal lamina propria. Duangnumsawang et al. (2021) reported that acidic mucin, were predominant in the caeca of chickens, particularly at villi and intestinal glands, and that the intensity of acidic mucin increased progressively from the duodenum toward the caeca. Additionally, (Yildiz et al., 2019) found that goblet cells were mainly located in the proximal part of the quail caeca, and their number decreasing in the middle part of the caecum and almost disappearing in the distal part.

			According to (Uni et al., 2003) the glycoprotein predominantly was of the acidic type, rather than the neutral type in chickens. Additionally, it appears that acidic glycoprotein was primarily produced prior to hatching, while neutral glycoprotein become more prevalent after hatching. However, the intestinal mucin performs vital functions in preserving the delicate balance of the intestinal microbiome, promoting efficient nutrient transport, and preventing pathogens invasion.

			The current study found that B lymphocytes were distributed differently across the caecal segments. The lymphatic nodules in the proximal segment were large with a high density of B lymphocytes, while the middle segment had smaller nodules with an average density of B lymphocytes. As for the distal segment, the nodules were smaller with fewer B lymphocytes. In a comparative study, (Kitagawa et al., 1998) observed similar outcomes in chickens, where the major lymphatic nodules concentrated in the proximal section of the caecum. They noted that approximately 45% of the lymphatic tissue was situated in this region, which is constantly exposed to bacterial or nonbacterial antigens of extra-caecal origin. Similarly, (Pourrhaji et al., 2019) reported that in ducks, lymphatic nodules were densely distributed in the proximal portion compared to the middle and distal segments of the caecum. In their investigation of pigeon ceca, (Hamoda and Farag, 2018) found that the caecal wall exhibited a significant infiltration of diffuse lymphatic tissue and lymphatic nodules that occupied the entire thickness of the caecal wall. The current research has a restricted focus, primarily at the cellular-level, and does not encompass the application of additional biochemical markers and lake of developmental data.

			Conclusions and Recommendations

			this study sheds light on the unknown morphology, histochemistry, and lymphatic tissue distribution of the caeca in Muscovy ducks. The caeca were found to be a complex structure consisting of three segments with varying lengths, diameters, and wall thicknesses. The distribution of acidic and neutral glycoprotein and glycosaminoglycans were also found to differ among different caecal regions, and the distribution of lymphatic nodules and lymph cells varied throughout the caeca. These results suggest that the well-developed caecum of Muscovy ducks plays an important role in maintaining their microbial digestion and immunological functionality as herbivorous and insectivore, non-flying birds. Insight into caecal morphology have significant implications for improving bird’s productivity by enhancing immunity and gut health, in order to improve the comprehension of the overall caecal structure, it is advisable that future analysis expand to include a range of morphological parameters and biochemical markers, as well as incorporate the examination of diverse age groups. To understanding and refining the current body of knowledge on the subject matter.
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Histomorphometrical and Histochemical Study of Caecum in Adult
Muscovy Ducks (Cairina moschata)
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Abstract | Muscovy ducks are becoming an increasingly important source of food worldwide. Caecal microbial
digestion is crucial for the growth and maintenance of the health in these birds. The main objective of this study is to
understand the anatomy, histology, histochemistry, and distribution of lymphoid tissue in the caeca of Muscovy ducks.
Samples from eight healthy adult Muscovy ducks (Cairina moschata) were fixed, processed, sectioned, and stained with
Hematoxylin and Eosin as well as Periodic Acid Schiff: Alcian blue pH 2.5 and toluidine blue stains for histochemical
analysis. Dissecting microscope measurements and histological measures were taken, and immunohistochemical
analysis was performed to evaluate B lymphocyte distribution. The study found that in Muscovy ducks, the left caecum
was longer and heavier than the right caecum, and the proximal portion of both caeca was wider and had thicker walls
compared to the middle and distal portions. Histologically, the length of villi and depth of crypts were greater in the
proximal portion compared to the middle and distal portions. Histochemical analysis showed that acidic glycoprotein
was dominant in the villi and crypts, with higher density in the middle portion compared to the proximal and distal
portions. The density of glycosaminoglycans was also higher in goblet cells at the basal crypts compared to longitudinal
crypts. Immunohistochemical analysis revealed higher levels of lymph follicles and B lymphocytes in the proximal
portion compared to the middle and distal portions. The complex architecture suggests that caeca in Muscovy duck
play a significant role in microbial digestion and immunological functionality and Insight into caecal morphology
enhance bird’s productivity and health.
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from 2.6 million tons in 1998 to 4.5 million tons in 2018
according to the statistical database of food and agriculture
organization of the united nations (FAOSTAT, 2020) The
Muscovy duck (Cairina moschata) holds a distinct place in

INTRODUCTION

he poultry industry is the foundation of global food
security as it presents a dependable source of meat

and eggs to support the nutritional demands, besides the
short productivity duration, and the effortless management
which recently increase interest in the breeding of birds like
ducks and geese in many Iraqi villages (Kshash and Oda,
2019). Over the last two decades, duck meat production
has experienced significant growth worldwide, rising

terms of domestication, this species was one of the earliest
animals to be domesticated in South America and played
a crucial role as a source of food and trade (Stahl, 2008). it
was used in poultry farming as a result of its considerable
size and desirable qualities like leanness, tenderness, and
taste (Arias-Sosa and Rojas, 2021).
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