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			Abstract | This study aimed to investigate histological changes in the small intestine and bursa of Fabricius in broiler chicken that were fed with a specific feeding schedule. For this purpose, a total of 90 chickens were randomly assigned to four treatment groups and a control group each consisting of 18 chickens. The control group received a standard diet, while the treatment groups received supplements containing different amounts of gluten and mushroom extracts. Group 1 (G1) received 25% gluten, whereas Group 2 (G2) received 50% gluten. Histological examination indicated a negative impact of gluten feeding on the bursa of Fabricius and small intestine. On the other hands, when groups 3 and 4 (G3 and G4) were fed with mushroom extracts, the histological examinations were considerably improved. Furthermore, HandE staining showed that the gluten addition in G1 and G2 decreased the number of goblet cells, changed the depth of the intestinal gland, and decreased the height of intestinal villi, all these characteristics suggested that intestinal health was impaired. There was also a reduction in lymphoid tissue in the bursa of Fabricius of these groups (G1 and G2), which could suggest an immunosuppressive effect. However, the mushroom-treated G3 and quartet G4 groups showed notable improvements in the histological features of their small intestines, including larger crypts, more goblet cells, and greater villus heights. Additionally, the bursa of Fabricius showed preserved lymphoid tissue in these individuals, which may indicate a role in improved immunological functions. Collectively, it was observed that gluten-rich diets harmed intestinal health, while broiler chickens immunological scores and gut structure were much enhanced by supplementing with mushrooms. These finding highlight the need of feed revision for improved gut health and overall productivity of the chicken.
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			Introduction

			Gluten is a protein made up of glutenin and gliadin, which are types of glutelins and prolamins, respectively. It is insoluble and can lead to malnutrition and inflammation in the small intestine of animals. Additionally, gluten is linked to celiac disease, a chronic condition that affects the small intestine in individuals who are genetically predisposed (Auricchio et al., 2022). In the poultry industry, feed costs represent over 70% of the total expenses for broiler production, making it crucial for productivity. However, the prices of feed cereals are increasing due to factors such as fluctuating oil prices and the use of grains as an energy source (Briani et al., 2008). In commercial poultry farming, ingredients such as wheat and barley, which contain gluten, are commonly used in poultry feeds because they provide high energy and are appealing to the birds. Nevertheless, since these cereal grains may constitute up a sizable portion of feed, there are worries about the long-term effects of gluten in chicken diets. To provide hens with a complete and balanced diet, it’s crucial to balance the gluten-rich grains in animal feed with other protein and energy sources because access of gluten can be harmful to them. Additionally, utilizing different protein sources, such as plant-based proteins or insect meal, may lower gluten levels and preserve hunger. Limiting the amount of gluten in diets for poultry can improve the general health and performance of hens while also lowering the risk of intestinal health issues. 

			Gliadins and glutenins are two about equal percentages of the complex mixture of hundreds of proteins that make up wheat gluten proteins (De Gorter et al., 2013; Hollon et al., 2015). The prolamins superfamily of plant proteins, which includes these proteins, is distinguished by a significant quantity of the amino acid proline and glutamine residues in them (Jabri et al., 2005). Gluten proteins, when hydrated, give dough the rheological qualities needed to bake bread, biscuits, and pasta. They also act as a binder in a variety of processed meals. While the glutenins are mostly responsible for the dough’s strength and elasticity, the gliadins are principally responsible for its viscosity and extensibility. The general health and performance of chickens can be enhanced, and any gastrointestinal health problems can be reduced by keeping gluten levels in poultry feeds within safe bounds. Gliadins and glutenins are two about equal groups of the complex mixture of hundreds of proteins that make up wheat gluten proteins (Patel and Robert, 2022; Rallabhandi et al., 2015). 

			The prolamins class of plant proteins, which includes these proteins, is known for having a lot of proline and glutamine amino acid sequences. Gluten proteins, when hydrated, provide dough the qualities that allow it to be used to make bread, biscuits, and pasta. They also serve as a binder in a variety of prepared meals. Gliadins are principally responsible for the dough’s viscosity and extensibility, whereas glutenins are mostly responsible for its strength and elasticity (Samasca et al., 2017; Święch et al., 2016; Wang et al., 2018).

			The purpose of this study was to investigate how a wheat gluten diet affects the small intestinal structure, regulate pro-inflammatory gene expression, and growth performance of broilers at different ages in a dose-dependent manner.

			Materials and Methods

			Experimental design 

			Ninety birds have been repositioned in this research and were divided into 5 groups: One group served as control while the other groups were given different treatments. A 25% gluten diet was provided to Group G1, a 50% gluten diet to Group G2, and a mushroom-containing diet to Groups T3 and T4. In order to assess their effects on the birds, gluten and mushrooms were added to the meal in order concoct these diets. During the experiment the birds were carefully watched to observe if they have responded to different food combinations (Adelman et al., 2018; Antwi-Baffour et al., 2018).

			 

			Histological studies 

			The chicks duodenal content was collected and immediately preserved in 10% neutral buffered formalin NB for a full day to await pathological analysis. Then the specimens were given paraffin wax immersion and processed by a programmable device (Biobase, China). Tissue sections, cut to a thickness of 5 μm, were then mounted on glass slides and stained with hematoxylin and eosin (H and E). A Leica DM2500 microscope (Leica Microsystems, Germany) was used to take digital pictures of them at a fixed magnification of 100X. Crypt depths and villi dimensions were measured (Berthault et al., 2018; Chander et al., 2018).

			Biochemical analysis

			A computerized chemoanalyzer (Biobase, China) was used to experiment on the biochemical parameters.? Levels of triglycerides, lower-density lipoprotein (LDL), The levels of total cholesterol in plasma, high-density lipoprotein (HDL) and very-low-density lipoprotein (VLDL), respectively than that present across the membrane Liver enzymes such as alanine amino transferase ALT and aspartate aminotransferase (Khan et al., 2019).

			Results 

			Biochemical parameter 

			The study examined at how various treatments (Groups G1, G2, G3, and G4) affected a variety of biochemical markers in relation to a Control Group. Group G2 had the highest cholesterol levels compared to all other groups, whereas the Control Group had the lowest. Triglyceride levels were lowest in the control group and considerably higher in Group G2 than in any other group. LDL levels followed the same pattern as cholesterol, with Group G2 having the highest levels and the Control Group having the lowest. The greatest VLDL levels were seen in Group G2, which could have an impact on their lipid utilization. 

			Table 1: Biochemical parameters of chickens.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							Control group (n=10)

						
							
							Group G1 (n=10)

						
							
							Group G2 (n=10)

						
							
							Group G3 (n=10)

						
							
							Group G4 (n=10)

						
							
							Statistical analysis (p-value)

						
					

					
							
							Cholesterol (mg/dl)

						
							
							150.0 ± 5.123

						
							
							160.5 ± 4.567

						
							
							170.2 ± 6.789

						
							
							160.1 ± 5.456

						
							
							155.3 ± 4.890

						
							
							p < 0.01

						
					

					
							
							Triglycerides (mg/dl)

						
							
							80.4 ± 3.234

						
							
							85.1 ± 3.567

						
							
							90.8 ± 4.012

						
							
							82.5 ± 3.678

						
							
							78.2 ± 3.456

						
							
							p < 0.01

						
					

					
							
							LDL (mg/dl)

						
							
							60.2 ± 2.345

						
							
							65.4 ± 2.678

						
							
							70.5 ± 3.123

						
							
							66.3 ± 2.890

						
							
							62.7 ± 2.456

						
							
							p < 0.01

						
					

					
							
							VLDL (mg/dl)

						
							
							16.5 ± 1.234

						
							
							17.8 ± 1.456

						
							
							18.9 ± 1.789

						
							
							17.4 ± 1.678

						
							
							16.2 ± 1.345

						
							
							p < 0.05

						
					

					
							
							HDL (mg/dl)

						
							
							74.3 ± 2.123

						
							
							78.5 ± 2.456

						
							
							80.2 ± 3.456

						
							
							79.1 ± 2.789

						
							
							81.0 ± 2.345

						
							
							p > 0.05

						
					

					
							
							AST (U/L)

						
							
							25.0 ± 1.456

						
							
							30.2 ± 1.789

						
							
							32.5 ± 1.890

						
							
							28.3 ± 1.567

						
							
							26.4 ± 1.234

						
							
							p < 0.01

						
					

					
							
							ALT (U/L)

						
							
							20.4 ± 1.123

						
							
							25.7 ± 1.456

						
							
							28.3 ± 1.678

						
							
							24.2 ± 1.345

						
							
							22.9 ± 1.567

						
							
							p < 0.01

						
					

				
			

			When compared to other groups, Group G3 showed the highest HDL values, indicating a possibly healthier lipid profile. Group G3’s significantly higher AST and ALT readings suggested possible liver stress or injury in this specific group (Table 1).	
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			Figure 1: Histological section of small intestine (control). (A) show normal size of villi and density of enterocyte (yellow arrow). The intestinal gland had a crowded mucous cell. (B) show decrease length of villous gradually. (C) show reduction in length of villi with increase in numbers of goblet cells with infiltration cells found in lamina propria (yellow arrow). The intestinal glands had large lumen and the high of cells decline in length. (D and E) increased in villus height, crypt depth, goblet cell numbers, and enterocyte integrity are consistent with improved gut health and enhanced nutrient absorption capabilities (H and E stain).

			The small intestine in control group showed the normal histological features and normal intestinal villi with a smaller number of inflammatory cells in laminae propria (Figure 1). Animals in G1 with 25% gluten showed a mild impact on intestinal health. For instance, a small dose of a particular dietary supplement or treatment may not significantly alter villous height. On the other hands, the G2 at 50% gluten, the effects on the intestinal villi are likely to be more severe. A substantial decrease in villous height could occur, reflecting significant disruption to gut function. The high dose could lead to inflammation, atrophy of the intestinal lining, or dysbiosis (an imbalance in gut bacteria), all of which can negatively impact villous structure.

			The atrophy of lymphoid follicles in the Bursa of Fabricius is one of the main histological observations in birds exposed to gluten (Figure 2).

			Discussion

			Based on the use of new technologies, genetic improvement, feed, and health statuses, the poultry production in Iraq has shown a significant increase in recent years. Furthermore, this progress is contributed to by the abundant availability of gluten in grains and meals in our country, which constitute the basis of poultry nutrition, The use of different additives influences the nutritional quality of the diet, the development and functionality of the digestive organs, which will be reflected in the metabolism, production level, and chicken health (Beski et al., 2015).

			These latest findings of Ojediran et al. (2017) observed no differences in intestinal pH in broiler chickens fed with diets containing a gluten (glutamine and proline), and low amino acid (methioninel and lysin). In contrast, Sun et al. (2024) have found differences in pH in the ileum of broiler chickens when they tested diets containing viscous properties agents and non-major anti-nutritional factors which lead to gut motility. 
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			Figure 2: Control group (A) show normal architecture, with a uniform distribution of cells and no signs of inflammatory infiltration or abnormal tissue changes. (B) show the histology at these doses may show mild to moderate changes such as increased cellularity or subtle inflammatory infiltrates. At higher doses (C), more pronounced changes such as fibrosis, necrosis, or more severe inflammation may be visible. (G E, F) show a reduction in inflammation, healing or repair of damaged tissue, or even modulation of immune cell activity in the bursa.

			However, in G1 where animals were fed with 25% gluten, even low levels of certain compounds, especially if administered over an extended period, could gradually affect gut morphology. Subtle changes in the villous structure might begin to emerge, with slight reductions in villous height and overall gut surface area. These finding agree with (Lerner and Matthias, 2015; Liu et al., 2022; Obead et al., 2023) who stated that the truth seems to be that the expansion of the crypt epithelium and quantifiable changes in villus structure.

			In animals fed with 50% gluten, this could result in impaired nutrient absorption, reduced growth rates, and overall poor performance in poultry. The present research finding consuming gluten can have significant histopathological repercussions on the intestine, particularly in those. Gluten causes immune-mediated damage to the small intestine in these, which results in significant alterations to the intestinal architecture. The most noticeable histological characteristic is villous atrophy, in which the villi shorten or flatten, making it more difficult for nutrients to be absorbed. In addition, finding increase in the depth of the intestinal crypts that produce new epithelial cells, frequently coexists with this. Furthermore, intraepithelial lymphocytes (IELs), especially CD8+ T-cells, which penetrate the epithelial layer and cause inflammation, have significantly increased. The lamina propria also exhibits inflammatory cell infiltration, where macrophages, lymphocytes, and plasma cells build up to produce chronic inflammation. Histopathological abnormalities gluten sensitivity, on the other hand, are typically milder and less specific, with little to no crypt hyperplasia or villous atrophy. Although these alterations are not as noticeable, some studies have indicated a modest increase in IELs. The lamina propria may also experience minor, localized inflammation, but the intestine’s overall architectural integrity is usually maintained. These results corresponding with (Ratcliffe and Härtle, 2014; Reese et al., 2018) indicating additional research is required on gluten to identify adverse effects on the poultry health. Several groups have lately reviewed this topic and found that gluten has several negative impacts that could affect health. Gut dysfunction or insufficiency results from these detrimental consequences are administered through toxic and immunological routes.

			This study demonstrates that supplementation with mushrooms positively influences the histological structure of the intestinal tissue in chickens. The observed increases in villus height, crypt depth, goblet cell numbers, and enterocyte integrity are consistent with improved gut health and enhanced nutrient absorption capabilities. Mushrooms particularly were rich in bioactive compounds that may contribute to these beneficial effects. Polysaccharides, such as beta-glucans, are known to modulate the immune system and promote gut health, possibly by stimulating the production of mucus, reducing intestinal inflammation, and supporting epithelial integrity (Figure 1: G3, 4). These findings suggest that mushroom supplementation could be a valuable dietary intervention for improving intestinal health in poultry. Future studies should explore the long-term effects of mushroom supplementation on poultry performance, disease resistance, and overall productivity (Rostami et al., 2022).

			The primary locations for B-cell development and maturation, which are essential for the immunological response, are lymphoid follicles. These follicles may exhibit degenerative symptoms after being exposed to gluten, which include a decrease in the quantity of mature B-cells and a general shrinkage in follicular size. The bird’s adaptive immunological function is hampered by the immune system’s decreased ability to manufacture antibodies as a result of B-cell depletion. These investigations akin with (Lerner et al., 2024) who have stated that the in addition to a worldwide decrease in bursa follicle size, the bursa showed a significant lymphocytic depletion, with remarkably few cells left in the medulla.

			Histologically, these changes may be accompanied by the collapse of the follicular structure, with a reduction in the normal dense lymphocyte accumulation within the follicles. As the follicles become depleted, the surrounding medullary region of the Bursa, responsible for supporting immune cell maturation, may also undergo alterations. The overall structural integrity of the Bursa becomes compromised, leading to reduced functionality. These results agreement with previous finding (Taavela et al., 2013). Research on the effects of dietary components on the immune system in chickens has shown that various nutrients and food proteins can affect immune cell maturation and proliferation. It is hypothesized that gluten, as a protein source, may influence the maturation of B cells in the bursa of Fabricius, either enhancing or impairing immune function depending on the level and type of gluten in the diet. High gluten intake could potentially influence the proliferation of B cells or alter the expression of key immune markers in the bursa.
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