
Histopathological Evaluation of the Digestive and Reproductive Organs in Japanese Quail (Coturnix coturnix japonica) Fed a Total Maize Replacement Diet Supplemented with Turmeric and Garlic

ABSTRACT
Maize has long been the primary source of energy in compounded poultry diets. However, in Nigeria, insufficient maize production has significantly increased the cost of poultry feed. Therefore, this study was conducted with the aim of determining the influence of fortifying the complete replacement of maize by sorghum with garlic and turmeric on histology of liver, gizzard, intestine and testis of quail. The field study was carried out at the Poultry Unit of the Teaching and Research Farm, University of Calabar, Calabar, Cross River State, Nigeria. A total of 96 quails (Coturnix coturnix japonica) aged seven weeks were used. They were allocated to 16 dietary treatments comprising Maize (positive control, Ma), Sorghum (T1) and fortification of garlic and turmeric at 3 and 5 levels (0, 0.50 and 1% garlic and 0, 0.25. 0.50, 0.75 and 1%) respectively in a randomized complete block design with a factorial arrangement. Histological examinations of gizzard, intestine, liver and testis in growing Japanese quails fed turmeric-garlic supplemented sorghum diets revealed normal architectural pattern of the gizzard tissue structure. There were no noticeable abnormalities, pathology or distortion among treatments when compared to control. However, T9 birds fed sorghum supplemented with 0.50 percent garlic and 0.75 percent turmeric had congested blood present in their gizzard tissues. Normal histological patterns were noticed in the intestinal and liver tissues of birds on the control and other diets showing normal histological structures, illustrating well-defined hepatocytes and central portal veins. Birds fed Treatments 9 and 11 however, showed congested blood in their central veins. Testes tissues were normal without any pathology or visible distortion across all treatments. Sorghum showed the potential of replacing the conventional maize in the diet of quails. Moreover, the fortification of the sorghum diets did not elicit any adverse effects of toxicity to the tissues therefore indicating that the phytobiotics (garlic and turmeric) could be utilized in quail diets.
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INTRODUCTION
The poultry industry has become the leading supplier of efficient, high-quality animal proteins to the world (Rawat et al., 2026). In poultry farming, feeding accounts for 65 – 80 percent of the production cost and the industry has suffered more than other livestock industries as a result of the problem arising from inadequate feed supply (Etuk et al., 2012). Energy and protein feedstuffs, have been the major hindrance to effective poultry production in Nigeria (Ravindran, 2014), while cereal grains constitute the major source of energy in poultry diets in the tropics. 

Maize has remained the major source of energy in compounded diets and it constitutes about 50 percent of poultry ration (Abdulkadir et al., 2014). Globally, there is increasing pressure on maize utilization with exploitation of corn in ethanol production as an alternative source of fuel (Doki, 2007; Thornton, 2007). In Nigeria, insufficient maize production and its extreme competition between human and livestock has escalated the cost of poultry rations (Agbabiaka et al., 2013), leading to an increase in poultry feed prices from about Nigerian Naira (NGN) 3000 per bag in March to NGN 4600–5300 in April 2021, and NGN 5300–7950 for a 25 kg bag by December 2021, depending on the type and brand of feed (Sowunmi et al., 2022). This persistent high cost and scarcity is resulting to lower returns on investment to poultry farmers, reduced protein intake and collapse of many small holder poultry farms (Medugu et al., 2010). Therefore, an urgent measure such as diversification of energy feedstuffs for poultry is required for sustainable poultry production (Kennedy et al., 2020). One of such energy feedstuffs is Sorghum.

Antibiotics have routinely been included in poultry diets for the past four decades, to prevent disease and enhance performance, with resultant production of safe and good quality meat and eggs. However, the industry currently faces a strong controversy and even a ban in some countries on sub-therapeutic use of antibiotics in poultry feed because of potential harmful effects on consumer’s health, indicated by increased resistance to such antibiotics in humans and animals (Yang et al., 2009). Although, the ban on antibiotics has not yet been instituted in Nigeria, concerns exist about the range and extent of antibiotic use in animal production. This constitutes a major challenge to the poultry industry because healthy flocks must be maintained for effective production; and consumers’ preference for safe, natural, animal products must be met. Thus, various alternative feeding strategies are being incorporated into poultry diets to improve gut health, enhance productive performance, and improve egg quality of poultry birds (Jin, 2010). 
Turmeric (Curcuma longa) is a perennial herbaceous plant belonging to the Zingiberaceae family, widely used as a spice and traditional medicine in many countries, including India, China, and Southeast Asia (Aderemi & Alabi, 2023). It has antifungal, antimicrobial, immunomodulatory, anti-oxidative, antibacterial, nematocidal (Abd Al-Jaleel, 2012) and anti-mutagenic properties (Namagirilakshmi et al., 2010). These properties make curcumin an ingredient for phytotherapeutic use and for functional nutrition, with a potential nutraceutical effect on animal nutrition (Putra et al., 2015; Gunes et al., 2016; Marathe et al., 2016). The functional and phytogenic properties of curcumin on the quality, integrity (Laganá et al., 2012; Saraswati et al., 2013, Saraswati and Tana , 2016) external appearance, size, internal composition and nutritional properties of quail eggs are well documented. Studies have also shown that supplementation of turmeric in poultry diets stimulated growth, increased feed consumption, improved carcass quality, and reduced abdominal fat pad (Dhama et al., 2015). Garlic (Allium sativum) is known for its flavoring effects on food and herbal effects on various diseases (Adjei-Mensah et al., 2025). Garlic has been reported to have beneficial effects on the growth, digestibility, feed efficiency, and egg parameters of poultry (Rehman and Munir, 2015). It also stimulates the immune system and lowers blood cholesterol levels in poultry (Demir et al., 2008). 

Research has been carried out on supplementation of turmeric and garlic mixtures in rabbit diets (Alagawany et al., 2016). Kafi et al. (2017) reported that a mixture of turmeric and ginger improved the performance of broilers when added at the rate of 0.75 percent level as feed additives in broiler ration. Findings from Fadlalla et al. (2010) further showed that garlic at 0.3 percent in broiler feeds resulted in significant positive effect on growth performance and carcass yield. Doley et al. (2009) reported no significant effect of 0.25 percent garlic and turmeric powder in the live weight gain and feed intake of birds. Da Silva et al. (2017) reported significant differences in the blood cholesterol and triglyceride content of quails fed 0.5 percent turmeric - sorghum diets. 

Quail production has been increasing in recent years because of the potential for meat production, high egg production, commercial diversity and fast return on investment (Lata & Mondal, 2025). Studies have focused on nutritional protein, energy and amino-acid requirements (Moraes et al., 2016). However, data on pigment agents and alternative foods and their effect on metabolism are still limited. 
The histopathological examination of major organs in birds provides information on the toxic effects of test materials on maturing organs and tissues (Touart, 2005). Light and electron microscopy of tissues are used to detect alterations in the morphology of gonads and other non-reproductive organs in animals (Abdelnabi et al., 2000). Testicular damage is detected only when there is severe depletion of the seminiferous epithelium, obvious cellular degeneration or sloughed cells in the seminiferous tubule lumen (Creasy, 1997). Bakst (1993), however reported that ovaries are difficult to preserve for microscopic examination due to the large volume of yolk, mature oocytes and ova. Limited literature available on histopathological examinations of tissues from birds exposed to potentially toxic substances (Olawoyin, 2007).
There are a few reports on the growth promoting and antioxidant property of turmeric and garlic combinations (Dorman et al., 2003), but their applications in sorghum based diets to ascertain its effects on quail histology have not been studied. This study therefore evaluated the liver, gizzard, intestine and testis histopathology of quails fed sorghum based diets fortified with turmeric and garlic. 













MATERIALS AND METHODS
Location of the study	
The field study was carried out at the Poultry Unit of the Teaching and Research Farm, University of Calabar, Calabar, Cross River State, Nigeria. Calabar is located within the tropical rain forest zone of Nigeria and has a land area of 406m2. Calabar lies between latitude 4.960N of the Equator and longitude 8.340E of the Greenwich meridian. Its relative humidity is between 55 and 90 % with an elevation above sea level of 62.30 meters (Google Earth, 2020; Ewona and Udo, 2011). The annual temperature and rainfall ranges between 250 and 300C and 1260 and 3500 mm respectively (Okon and Njoku, 2017).

Sourcing, processing of test ingredients and experimental diets
[bookmark: _Hlk82565309]Turmeric (Curcuma longa) rhizomes and garlic (Allium sativum) bulbs were purchased from Watt market in Calabar South Local Government Area of Cross River State, Nigeria. Turmeric rhizomes were washed, cut into pieces and sun dried till they became crispy. Subsequently, they were milled using a manual grinder and sieved with a 1mm mesh to obtain turmeric rhizome powder. 

[bookmark: _Hlk82565327]Garlic bulbs were cut into very thin pieces and sun dried to constant weight for three days. They were thereafter oven dried at 1800C (SAISHO S-196 model hot oven) until very crispy and then milled immediately using a manual grinder while still hot to enable grinding due to its sticky nature, to form the garlic powder. The milled samples of turmeric and garlic meals were then stored in dry, airtight containers to avoid contamination and infestation by molds until needed for feed formulation. 
Experimental diets were formulated to meet the nutrient requirements of Japanese quails, such that:
i. Two basal diets were formulated: Maize based diet as positive control and Sorghum based diet as test diet (Table 1) to compare the replacement value of maize by sorghum at 100% level.
ii. To fortify the sorghum-based diet for improved utilization, and determine its efficacy in quails, turmeric and garlic meals were combined at five (5) different levels such as 0, 0.25, 0.50, 0.75 and 1.00 %) and three (3) (0, 0.50 and 1.00%) levels, respectively, and added with the sorghum based diet consisting of 15 combination groups as follows:
Ma: Positive control basal diet (Maize); 
T1: Negative control basal diet (Sorghum) 
T2: T1 Diet + 0.25% turmeric 
T3: T1 Diet + 0.50% turmeric 
T4: T1 Diet + 0.75% turmeric
T5: T1 Diet + 1.00% turmeric
T6: T1 Diet + 0.50% garlic 
T7: T1 Diet + 0.50% garlic & 0.25% turmeric
T8: T1 Diet + 0.50% garlic & 0.50% turmeric
T9: T1 Diet + 0.50% garlic & 0.75% turmeric
T10: T1 Diet + 0.50% garlic & 1.00% turmeric
T11: T1 Diet + 1.00% garlic 
T12: T1 Diet + 1.00% garlic & 0.25% turmeric
T13: T1 Diet + 1.00% garlic & 0.50% turmeric
T14: T1 Diet + 1.00% garlic & 0.75% turmeric
T15: T1 Diet + 1.00% garlic & 1.00% turmeric
Therefore, a total of 16 dietary groups were studied. The experimental diets were formulated to meet the nutrient requirement of Japanese quails during the growth and laying phases according to NRC (1994). Feed and water were offered ad libitum.

Experimental animals and management
Nine hundred and sixty (960), one-week old unsexed Japanese quail chicks purchased from the National Veterinary Research Institute (NVRI), Vom in Plateau State, Nigeria were used in the study which lasted for a period of sixteen (16) weeks. The birds were managed on deep litter system according to the Federation of Animal Science Societies’ Principles of Animal Care in experimentation set (Craig et al., 1999) and no prophylactic therapy was administered throughout the research period.


Table 1: Gross composition of sorghum and maize basal diets for Japanese quails
	
	Chick diet
	Grower diet
	Layer diet

	Ingredient (%)
	Maize
	Sorghum
	Maize
	Sorghum
	Maize
	Sorghum

	Maize
	41.00
	0.00
	40.00
	0.00
	42.00
	0.00

	Sorghum
	0.00
	41.00
	0.00
	40.00
	0.00
	42.00

	Soya bean
	42.00
	42.00
	38.00
	38.00
	40.00
	40.00

	Wheat offal
	6.00
	6.00
	7.00
	7.00
	5.00
	5.00

	Crayfish dust
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	PKC
	4.00
	4.00
	8.00
	8.00
	4.00
	4.00

	Palm oil
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	DCP
	3.00
	3.00
	3.00
	3.00
	3.50
	3.50

	Limestone
	0.00
	0.00
	0.00
	0.00
	1.50
	1.50

	Methionine
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Lysine
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Salt
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Premix
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Total
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00

	Calculated nutrients (%)
	
	
	
	
	
	

	CP
	25.05
	25.87
	24.08
	24.88
	24.10
	24.94

	CF
	5.94
	3.89
	6.22
	4.22
	5.75
	3.65

	Ca
	1.24
	1.25
	1.24
	1.25
	1.93
	1.94

	Energy (Kcal/Kg)
	3116.20
	3075.20
	3056.90
	3016.90
	3065.50
	3023.50

	
Vitamin premix=Vitamin A 12,000,000 i.u., Vitamin D3 2,500,000 i.u., Vitamin E 30,000 i.u., Vitamin K 2,000mg, Vitamin B1 2,250mg Vitamin B2 6,000mg, Vitamin B6 4,500mg, Vitamin B12 15mg, Niacin 40,000mg, Pantothenic Acid 15,000mg, Folic Acid 1,500mg, Biotin 50mg, Choline chloride 300,000mg, Manganese 80,000mg, Zinc 50,000mg, Iron 20,000mg, Copper 5,000mg, Iodine 1,000mg, Selenium 200mg, Cobalt 500mg and Antioxidants 125,500mg.
PKC=Palm Kernel Cake, 
DCP=Dicalcium Phosphate, 
CP=Crude Protein, 
CF=Crude Fibre, 
Ca=Calcium 



Data Collection
Histopathological examination of some digestive and reproductive organs
Following blood collection, quails, ninety six in total, were immediately eviscerated and specimens of liver, gizzard, duodenum (digestive) and testis (reproductive) were removed in toto to assess the effect of experimental diets (sorghum, turmeric and garlic) on tissue morphology and pathology. Tissue samples were fixed in 10% formalin solution after which they were gradually dehydrated in increasing concentrations of ethanol till 100%. The specimens were then cleared with xylene and embedded in paraffin. A microtome was used to make 5mm cuts which were mounted on glass slides and stained using the H and E (Hematoxylin and Eosin) method (Jadhav et al., 2010). Readings were taken using a light microscope. The examination was carried out at the Diagnostic laboratory of the University of Calabar Teaching Hospital.
RESULTS AND DISCUSSION

Histological examinations of gizzard, intestine, liver and testis in growing Japanese quails fed turmeric-garlic supplemented sorghum diets are summarized in Table 2, with the respective photomicrographs presented in plates 1 – 4. 

Results revealed normal architectural pattern of the gizzard tissue structure. There were no noticeable abnormalities, pathology or distortion among treatments when compared to control. However, T9 birds fed sorghum supplemented with 0.50 percent garlic and 0.75 percent turmeric had congested blood present in their gizzard tissues (Plate 1j). 

Normal histological patterns were noticed in the intestinal tissues (Plate 2) in all treatments. The liver tissues of birds on the control and other diets showed normal histological structures, illustrating well-defined hepatocytes and central portal veins. Treatments 9 and 11 however, showed congested blood in their central veins (Plates 3j and 3l). Testes tissues were normal without any pathology or visible distortion across all treatments as observed for Plate 4.

The GIT development and health is the key to productivity in all farm animals and poultry. The digestive functions could be considered the most limiting factors in performances (Jeukendrup, 2017) and enhancing it may be an added advantage to the poultry industry. The gastrointestinal tract needs a booster to enhance the capacity to secrete vital substances for effective utilization of nutrients.
Inflammation of the gut can also result into thinner Muscularis external. According to Christie and Matthew (2022) starvation and inflammation affect muscle mass and adipose tissue as well as the body’s ability to utilize nutrition and hydration. The test ingredients used seem not to cause any stress to the gut. It establishes that the ginger and turmeric additives will encourage the functionality of the enteric nervous system which according to Vikram and Bakesh (2005) may be connected to bidirectionally to the brain by parasympathetic and sympathetic pathways for the brain-gut axis.

The histo-architectural states of the liver observed in this study agrees with the report of Uhegbu et al. (2015) who utilized aqueous extract of Piper guinesse seeds on some liver enzymes, antioxidant enzymes and some haematological parameters in albino rats. The turmeric and garlic may contain chemical constituents that may possess hepato-protective effect and their inclusion level is safe in quail diet. Normal hepatocytes observed help to stress the usefulness of the phytoadditives in the diet of the quails. The gut-liver axis plays a significant role in liver health and changes in gut microbiota composition and intestinal permeability can impact liver function and the hepatocytes health. According to Herbert et al., (2022) bidirectional crosstalk along the gut-liver axis controls gastrointestinal health and disease and exploits environmental and host mediators.























Table 2: Histopathological examination of some organs in quails fed turmeric – garlic supplemented sorghum diets
	Dietary Treatments
	                                       Organs

	
	Gizzard
	Intestine
	Liver
	Testis

	Maize
	Normal appearance
of the architectural pattern of the gizzard tissue structure.
	Tissue section showing the villi and other parts of the nucleus. No visible distortion of the villi was seen.
	Normal appearance of the liver histology with portal triad and central vein with hepatocytes redialing from the central vein.
	Section shows testicular tissue with lobules that are separated by connective tissues. No pathology or distortion seen. 

	T1-Sorghum + 0 percent turmeric and garlic
	Normal internal longitudinal layer with layers of muscularis seen. No pathology or distortion seen.
	Tissue structure of the intestine with epithelium of the villi made up of tall columnar absorptive cells. No pathology was seen.
	Section shows liver sections with centre of lobule indicating central vein. No hepatic hematopoiesis was seen. 
	Section shows testicular tissues. No pathology seen.

	T2-Sorghum + 0 percent garlic & 0.25 percent turmeric
	Normal appearance of gizzard tissue section. No noticeable abnormality in the general tissue structure.
	Non distorted appearance of the duodenum tissue. The intestinal mucosa appears normal. There is no noticeable colonic perforation and degradation of the intestinal lining.
	Section shows liver tissue with prominent central vein, sinusoid and hepatocytes. No structural defect detected. Cellular details were preserved.
	Sections of the testes show several seminiferous tubules with adequate population of spermatocytes within the lumen. No pathology seen.

	T3-Sorghum + 0 percent garlic & 0.50 percent turmeric
	Normal appearance of the general tissue structure, no pathology or distortion seen.
	Normal appearance of the villi, muscularis and crypts. No visible erosion of the mucosa lining.
	Normal appearance of tissue structure. No distortion of the hepatocytes and sinusoids, no visible enlargement of the cells and inflammatory cells.
	Section shows several seminiferous tubules lined by developing sperm cells, and mature spermatozoa within the lumen. No pathology seen.

	T4-Sorghum + 0 percent garlic & 0.75 percent turmeric
	Normal architectural pattern with muscular bundles interspersed with bands of connective tissue, rich in blood vessels. No pathology seen
	Normal appearance of the villi and no noticeable damage to the muscularis.
	Normal appearance of liver section with clear demarcation of the liver into lobules. No pathological changes seen.
	Normal appearance of the various seminiferous tubules in the testicular section. No pathology seen.

	T5-Sorghum + 0 percent garlic & 1.00 percent turmeric
	Normal appearance of the gizzard tissue with well stained nucleolus. Parallel arrangement of simple tunica muscularis.
	Tissue with normal appearance of the villi and no noticeable damage to the muscularis.
	Liver lobules hepatocytes, sinusoids clearly defined, no visible connective tissue extending from portal area. No pathology seen.
	Section shows a testicular tissue with normal architectural pattern of the general tissue structure, no pathology seen.

	T6-Sorghum + 0.50 percent garlic & 0 percent turmeric
	Normal appearance of the section of the gizzard showing tunica muscularis. No noticeable distortion in the general tissue structure.
	Normal appearance of the intestine mucosa, the architectural pattern of the section was maintained with no noticeable distortion
	Several hepatic plates composed of hepatocytes and hepatic veins seen, no pathology seen.
	Section shows testicular tissue with various seminiferous tubules with adequate population of sperm cells. No visible distortion of the general tissue.

	T7-Sorghum + 0.50 percent garlic & 0.25 percent turmeric
	Normal appearance of the section of the gizzard showing tunica muscularis. No noticeable distortion in the general tissue structure.
	Normal appearance of the duodenum mucosa and goblet cells seen. They appear as empty cells due to dissolution of mucin during the process of staining.



	Section shows normal appearance of the central vein and hepatocytes. No defect was detected.
	Normal appearance of the seminiferous tubule and a good population of spermatocytes.

	T8-Sorghum + 0.50 percent garlic & 0.50 percent turmeric
	Normal histological appearance of glands that form a continuous layer (tunica muscularis). No distortion or inflammatory cells are seen around the section.
	Normal appearance of a duodenum tissue with intestinal mucosa appearing cylindrical with some finger like (intestinal villi) mucosa also seen. No pathology seen.
	Normal appearance of all cellular details and architectural pattern of the liver tissue with no visible distortion and abnormality.
	Section shows several seminiferous tubules lined by developing sperm cells (spermatogonia & spermatids) and mature spermatozoa within the lumen. No pathology seen.

	T9-Sorghum + 0.50 percent garlic & 0.75 percent turmeric
	Normal architectural pattern of the general tissue structure with prominent central vein containing congested blood vessels.
	Normal architectural pattern of the section. Both the mucosa and muscularis externa appears normal with no distortion. There is no colonic perforation.
	Normal architecture pattern of the general tissue structure with prominent central vein containing congested blood vessels.
	Normal appearance of the general tissue structures with no abnormality seen in the several seminiferous tubules lined by developing sperm cells.

	T10-Sorghum + 0.50 percent garlic & 1.00 percent turmeric
	Prominent tunica muscularis which appears as glands that form a continuous layer. No visible distortion is seen on the section. 
	Section shows basically normal appearance of the structure of the intestine with no visible distortion of the tissue structure.
	Section shows liver tissue with no noticeable distortion in the general tissue structure of the cells. Both the hepatocytes and the sinusoids appear normal.
	Histological section shows epididymis with normal appearance of the histological architecture, heavily populated with adequate spermatozoa.

	T11-Sorghum + 1.00 percent garlic & 0 percent turmeric
	Normal appearance of the section. Equally seen are blood vessels, the tunica muscularis appear as glands that forms a continuous layer.
	Section shows a cross section of the intestine with prominent villi. Both the villi and the basement membrane appear normal, no distortion noticeable.
	Normal appearance of sinusoids and hepatocytes. The sinusoids were not dilated. Congested blood was seen in the central vein
	Section shows numerous seminiferous tubules with adequate population of sperm cells. No visible distortion of the general tissue structure.

	T12-Sorghum + 1.00 percent garlic & 0.25 percent turmeric
	Normal appearance. Muscular bundles interspersed with bands of connective tissue. The secretory lining is normal.
	Basement membrane, submucosa and muscularis appear normal with no distortion and colonic perforation.
	Normal liver section with the hepatocyte clearly seen. Also seen is a prominent central vein with no blood congestion and no visible inflammation.
	Section shows testicular tissue with no defect in the general tissue structure. Also seen are normal seminiferous tubules and adequate spermatozoa.

	T13-Sorghum + 1.00 percent garlic & 0.50 percent turmeric
	Normal appearance with well-defined secretory lining.
	normal appearance section. No visible erosion of the mucosa lining.
	Normal appearance of the sinusoids and hepatocytes. The sinusoids were not dilated.
	Normal appearance of testicular tissue showing adequate population of spermatozoa.

	T14-Sorghum + 1.00 percent garlic & 0.75 percent turmeric
	Normal nucleus differentiation. The tubular glands are in parallel arrangement with no noticeable pathology lesion.
	Normal appearance of the intestinal mucosa, no noticeable degradation of the mucosa seen.
	No defect in the general tissue structures. There is no noticeable distortion in the tissue.
	Seminiferous tubules lined by developing and mature spermatozoa within the lumen.

	T15-Sorghum + 1.00 percent garlic & 1.00 percent turmeric
	The tunica mucosa present fields lined by simple epithelium; no pathological changes seen.
	No degradation of the intestinal lining was noticed. 

	Liver tissue composed of hepatocytes. No fat vacuole and pathology seen.
	No visible distortion of the general tissue.
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Plate 1 (a): M-Gizzard in Maize (x400)					Plate 1 (b): T1-Gizzard in G0T0-Sorghum (x400)
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Plate 1 (c): T2-Gizzard in G0T0.25 (x400)					Plate 1 (d): T3-Gizzard in G0T0.50 (x400)	Plate 1(a) – (d): Photomicrographs of quail gizzard fed turmeric-garlic supplemented sorghum diets 
a. Control, b.  Sorghum, c.	0.25% Turmeric, d.	0.50% Turmeric
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Plate 1(e): T4-Gizzard in G0T0.75 (x400)				Plate 1(f): T5-Gizzard in G0T1.00 (x400)
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Plate 1(g): T6-Gizzard in G0.50T0 (x400)				Plate 1(h): T7-Gizzard in G0.50T0.25 (x400)
Plate 1(e) – (h): Photomicrographs of quail gizzard fed turmeric-garlic supplemented sorghum diets 
e. 0.75% Turmeric, f.  1.00% Turmeric, g. 0.50% Garlic, h. 0.50% Garlic + 0.25% Turmeric
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Plate 1(i): T8-Gizzard in G0.50T0.50 (x400)					Plate 1(j): T9-Gizzard in G0.50T0.75 (x400)
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Plate 1(k): T10-Gizzard in G0.50T1.00 (x400)					Plate 1(l): T11-Gizzard in G1.00T0 (x400)
Plate 1(i) – (l): Photomicrographs of quail gizzard fed turmeric-garlic supplemented sorghum diets 
  i. 0.50 % Garlic + 0.50% Turmeric, j.  0.50% Garlic + 0.75% Turmeric, k. 0.50% Garlic + 1.00%    Turmeric, l. 1.00% Garlic
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Plate 1(m): T12-Gizzard in G1.00T0.25 (x400)					Plate 1(n): T13-Gizzard in G1.00T0.50 (x400)
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Plate 1(o): T14-Gizzard in G1.00T0.75 (x400)					Plate 1(p): T15- Gizzard in G1.00T1.00 (x400)	Plate 1(m) – (p): Photomicrographs of quail gizzard fed turmeric-garlic supplemented sorghum diets 
  m. 1.00 % Garlic + 0.25% Turmeric, n.  1.00% Garlic + 0.50% Turmeric, o. 1.00% Garlic + 0.75% Turmeric, p. 1.00% Garlic + 1.00% Turmeric
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Plate 2(a): Maize-Intestine in Maize (x400)				Plate 2(b): T1-Intestine in G0T0 (x400)
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Plate 2(c): T2-Intestine in G0T0.25 (x400)				Plate 2(d): T3-Intestine in G0T0.50 (x400)Plate 2(a) – (d): Photomicrographs of quail intestine fed turmeric-garlic supplemented sorghum diets 
  a. Control, b.  Sorghum, c. 0.25% Turmeric, d. 0.50% Turmeric
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Plate 2(e): T4-Intestine in G0T0.75 (x400)				Plate 2(f): T5-Intestine in G0T1.00 (x400)
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Plate 2(g): T6-Intestine in G0.50T0 (x400)				Plate 2(h): T7-Intestine in G0.50T0.25 (x400)Plate 2(e) – (h): Photomicrographs of quail intestine fed turmeric-garlic supplemented sorghum diets 
  e. 0.75% Turmeric, f.  1.00% Turmeric, g. 0.50% Garlic, h. 0.50% Garlic + 0.25% Turmeric
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Plate 2(i): T8-Intestine in G0.50T0.50 (x400)				Plate 2(j): T9-Intestine in G0.50T0.75 (x400)
[image: ]		[image: ]	
Plate 2(k): T10-Intestine in G0.50T1.00 (x400)				Plate 2(l): T11-Intestine in G1.00T0 (x400)
			 
Plate 2(i) – (l): Photomicrographs of quail intestine fed turmeric-garlic supplemented sorghum diets 
  i. 0.50% Garlic + 0.50% Turmeric, j.  0.50% Garlic + 0.75% Turmeric, k. 0.50% Garlic + 1.00% Turmeric, l. 1.00% Garlic
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Plate 2(m): T12-Intestine in G1.00T0.25 (x400)				Plate 2(n): T13-Intestine in G1.00T0.50 (x400)
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Plate 2(o): T14-Intestine in G1.00T0.75 (x400)				Plate 2(p): T15-Intestine in G1.00T1.00 (x400)	Plate 2(m) – (p): Photomicrographs of quail intestine fed turmeric-garlic supplemented sorghum diets 
  m. 1.00% Garlic + 0.25% Turmeric, n.  1.00% Garlic + 0.50% Turmeric, o. 1.00% Garlic + 0.75% Turmeric, p. 1.00% Garlic + 1.00% Turmeric
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Plate 3(a): Maize-Liver in Maize (x400)					Plate 3(b): T1-Liver in G0T0 (x400)
[image: ]			[image: ]
Plate 3(c): T2-Liver in G0T0.25 (x400)						Plate 3(d): T3-Liver in G0T0.50 (x400)
Plate 3(a) – (d): Photomicrographs of quail liver fed turmeric-garlic supplemented sorghum diets 
  a. Control, b. Sorghum, c. 0.25% Turmeric, d. 0.50 Turmeric
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Plate 3(e): T4-Liver in G0T0.75 (x400)						Plate 3(f): T5-Liver in G0T1.00 (x400)
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Plate 3(g): T6-Liver in G0.50T0 (x400)						Plate 3(h): T7-Liver in G0.50T0.25 (x400)Plate 3(e) – (h): Photomicrographs of quail liver fed turmeric-garlic supplemented sorghum diets 
  e.  0.75% Turmeric, f.  1.00% Turmeric, g. 0.50% Garlic, h. 0.50% Garlic + 0.25% Turmeric


[image: ]		[image: ]
Plate 3(i): T8-Liver in G0.50T0.50 (x400)				Plate 3(j): T9-Liver in G0.50T0.75 (x400)
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Plate 3(k): T10- Liver in G0.50T1.00 (x400)				Plate 3(l): T11-Liver in G1.00T0 (x400)Plate 3(i) – (l): Photomicrographs of quail liver fed turmeric-garlic supplemented sorghum diets 
  i. 0.50% Garlic + 0.50% Turmeric, j.  0.50% Garlic + 0.75% Turmeric, k. 0.50% Garlic + 1.00% Turmeric, l. 1.00% Garlic
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Plate 3(m): T12-Liver in G1.00T0.25 (x400)				Plate 3(n): T13-Liver in G1.00T0.50 (x400)
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Plate 3(o): T14-Liver in G1.00T0.75 (x400)				Plate 3(p): T15-Liver in G1.00T1.00 (x400)Plate 3(m) – (p): Photomicrographs of quail liver fed turmeric-garlic supplemented sorghum diets 
  m. 1.00% Garlic + 0.25% Turmeric, n.  1.00% Garlic + 0.50% Turmeric, o. 1.00% Garlic + 0.75% Turmeric, p. 1.00% Garlic + 1.00% Turmeric
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Plate 4(a): Maize-Testis in Maize (x400)				Plate 4(b): T1-Testis in G0T0 (x400)
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Plate 4(c): T2-Testis in G0T0.25 (x400)				Plate 4(d): T3-Testis in G0T0.50 (x400)Plate 4(a) – (d): Photomicrographs of quail testis fed turmeric-garlic supplemented sorghum diets 
  a. Control, b. Sorghum, c. 0.25% Turmeric, d. 0.50% Turmeric
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Plate 4(e): T4-Testis in G0T0.75 (x400)				Plate 4(f): T5-Testis in G0T1.00 (x400)
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Plate 4(g): T6-Testis in G0.50T0 (x400)				Plate 4(h): T7-Testis in G0.50T0.25 (x400)Plate 4(e) – (h): Photomicrographs of quail testis fed turmeric-garlic supplemented sorghum diets 
  e. 0.75% Turmeric, f.  1.00% Turmeric, g. 0.50% Garlic, h. 0.50% Garlic + 0.25% Turmeric


[image: ]		[image: ]
Plate 4(i): T8-Testis in G0.50T0.50 (x400)				Plate 4(j): T9-Testis in G0.50T0.75 (x400)
[image: ]		[image: ]
Plate 4(k): T10-Testis in G0.50T1.00 (x400)				Plate 4(l): T11-Testis in G1.00T0 (x400)Plate 4(i) – (l): Photomicrographs of quail testis fed turmeric-garlic supplemented sorghum diets 
  i. 0.50% Garlic + 0.50% Turmeric, j.  0.50% Garlic + 0.75% Turmeric, k. 0.50% Garlic + 1.00% Turmeric, l. 1.00% Garlic
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Plate 4(m): T12-Testis in G1.00T0.25 (x400)				Plate 4(n): T13-Testis in G1.00T0.50 (x400)
[image: ]		[image: ]
Plate 4(o): T14-Testis in G1.00T0.75 (x400)				Plate 4(p): T15-Testis in G1.00T1.00 (x400)Plate 4(m) – (p): Photomicrographs of quail testis fed turmeric-garlic supplemented sorghum diets 
  m. 1.00% Garlic + 0.25% Turmeric, n.  1.00% Garlic + 0.50% Turmeric, o. 1.00% Garlic + 0.75% Turmeric, p. 1.00% Garlic + 1.00% Turmeric
4



CONCLUSION
Turmeric-garlic supplementation improved the physiological performance of quails. The histological analyses of the gizzard, liver, intestine, and testis revealed normal appearances of tissue structures. Turmeric-garlic supplementation had no adverse effect on histology of quails.
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