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				Abstract

				The aim of this study was to investigate some physiological responses to the influence of raw pomegranate peel (Punica granatum) (RPP) and alcoholic extract (PPE) on hematological parameters, immunological responses, and antioxidants with its histological examination of common carp (Cyprinus carpio) fingerling (13.5 ± 0.1 g). Treatments included two concentrations of RPP and PPE (control, 0.5 and 1 mg·kg-1 of diet) of the commercial diet (~35 protein) for 70 days. At the end of the experiment, all fish were anaesthetized for morphometric measurements and blood sampling. Significant increases in hemoglobin (HGB), hematocrit (Hct), and red blood cells (RBCs) were observed in RP and PPE from the diet (P<0.05). Show up the effectiveness of lysozyme improved significantly in all diets containing PPE compared to the control (P<0.05). An improvement in catalase and glutathione peroxidase (GPx) activity were observed (P<0.05). Histological examination showed a normal liver with lipid vacuoles. In summary, the present study revealed an overall improvement in blood, immune response, antioxidant status and maintenance of liver efficiency of PPE in the diet.

				Keywords: antioxidants; phenols; pomegranate peel; common carp.

			

		

		
			
				Resumen

				El objetivo de este estudio fue investigar algunas respuestas fisiológicas a la influencia del epicarpio crudo (cascara) de la granada (Punica granatum) (RPP) y su extracto alcohólico (PPE) en parámetros hematológicos, respuestas inmunológicas y antioxidantes, junto con su examen histológico en alevines de carpa común (Cyprinus carpio) (13,5 ± 0,1 g). Los tratamientos incluyeron dos concentraciones de RPP y PPE (testigo, 0,5 y 1 mg·kg-1 de dieta) en la dieta comercial (~35% de proteína) durante 70 días. Al final del experimento, todos los peces fueron anestesiados para realizar mediciones morfométricas y toma de muestras de sangre. Se observaron aumentos significativos en la hemoglobina (HGB), hematocritos (Hct) y glóbulos rojos (RBCs) en los peces alimentados con RPP y PPE en la dieta (P<0,05). La efectividad de la lisozima mejoró significativamente en todas las dietas que contenían PPE en comparación con el testigo (P<0,05). Se observó una mejora en la actividad de la catalasa y la glutatión peroxidasa (GPx) (P<0,05). El examen histológico mostró un hígado normal con vacuolas lipídicas. El presente estudio revela una mejora general en la sangre, la respuesta inmune, el estado antioxidante y el mantenimiento de la eficiencia hepática con PPE en la dieta.

				Palabras clave: antioxidantes; fenoles; cáscara de granada; carpa común.

			

		

		
			
				1*Raad M. Sayed-Lafi

			

		

		
			
				2Fatima A.M. Sultan 

			

		

		
			
				
					[image: ]
				

				
					[image: ]
				

			

		
		
			
				
					[image: ]
				

				
					[image: ]
				

			

		
		
			
				[image: ]
			

		
		
			
				Aquiculture & Fishing

			

		

		
			
				2Riyadh A. Al-Tameemi 

			

		

		
			
				
					[image: ]
				

				
					[image: ]
				

			

		
		
			
				[image: ]
			

			
				[image: ]
			

		

		
			
				Raadelsayed@nust.edu.iq

			

		

		
			
				[image: ]
			

			
				[image: ]
			

		

		
			
				fatimamantather49@gmail.com

			

		

		
			
				[image: ]
			

			
				[image: ]
			

		

		
			
				riyadh.irmayla@uobasrah.edu.iq

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				e-ISSN 2477-8982

			

		

		
			
				
					https://revistas.utm.edu.ec/index.php/latecnica

				

			

		
		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				96

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				
					latecnica@utm.edu.ec

				

			

		
		
			
				La Técnica: Revista de las Agrociencias

			

		

		
			
				[image: ]
			

		
		
			
				
					[image: ]
				

				
					[image: ]
				

			

		
		
			
				Vol. 14, Num. 2 (95-102): July-December, 2024

			

		

		
			
				
					DOI: 10.33936/latecnica.v14i2.6194

				

			

		
		
			
				Introduction

				A variety of environmental stresses have an impact on fish species in the intensive aquaculture sector. When subjected to damaging stimuli including temperature changes, pH shifts, drops in oxygen levels, rises in ammonia levels, handling, transportation, and osmotic changes in water, fish experience stress reactions (Pickering, 1993; Everly and Lating, 2013). 

				The integrated stress response of the fish consists of behavioral, neurological, hormonal, and physiological components, can affect health status, and reduce its resistance to illnesses and stress, and it takes the fish some time to even return to normal (Lebelo et al., 2001; Suljević et al., 2016). Despite their unfavorable side effects, antibiotics are widely used to treat fish diseases. As a result, researchers have sought out natural alternatives that are more affordable, secure, and effective, such as herbs, vegetables, and other food plants, to use as growth or immune boosters (Badrey et al., 2019). 

				In this scenario, phytogenic are defined as environmentally friendly plant-derived bioactive compounds used as functional feed additives that show positive effects on animal growth and health. Phytogenic often comprise aromatic plants extracts, and essential oils characterized by its richness in biologically active compounds (Suphoronski, et al., 2019; Christaki et al., 2020). In farmed fish, a wide spectrum of phytogenics has been increasingly studied mainly due to their wide repertoire of properties, including growth promotion, and antimicrobial, immunostimulant, antioxidant, anti-inflammatory and sedative activities (Reverter et al., 2021). 

				In particular, phytogenics derived from pomegranate peel, products manufactured from pomegranate (Punica granatum L.) peel are much more antioxidant-rich than pomegranate juice, making them desirable candidates for use as a dietary supplement in animal feed (Badawi and Gomaa, 2016). However, Türkyılmaz et al. (2013) reported that pomegranate peel also contains flavonoids, phenolic acids, and tannins (ellagitannins such as punicalin, punicalagin, gallic acid and ellagic acid). 

				This makes pomegranate peel a possible candidate for the discovery of novel natural compounds with varied biological functions, antibacterial action, and potential health advantages (Kaderides et al., 2015). It is well known that pomegranate (P. granatum) peel contains phenolic chemicals in quantities roughly 10 times greater than those found in pulp (Li et al., 2006). The antibacterial, antioxidant, anti-inflammatory, antiproliferative, hypolipidemic, and hypoglycemic characteristics of pomegranates have been extensively studied in both edible and inedible sections of the plant, including the peel, seeds, and blossoms (Akhtar et al., 2015; Banihani et al., 2017; Danesi and Ferguson, 2017; Tortora et al., 2017; Bassiri-Jahromi, 2018; Altieri et al., 2019; Hou et al., 2019). 

			

		

		
			
				In order to take advantage of their health-promoting qualities, peel byproducts have been targeted as potential natural additives for food preservation and quality enhancement, as well as components of food supplements and nutraceuticals (Akhtar et al., 2015). With this background, pomegranate peel (P. granatum) was chosen as the study’s subject with the intention of examining its effects on hematological parameters, oxidative state, immunological responses, and liver health of common carp (Cyprinus carpio).

				Materials and methods

				Preparation of pomegranate peel extract

				According to the Gülçin et al. (2003) method, the preparation involved mixing 25 mg of powdered pomegranate peel with 250 mL of ethanol (96%), stirring the mixture for 24 hours on a magnetic stirrer, and then filtering the liquid twice through gauze. Once the filtrate was collected using filter paper (Whatmann No. 1), it was concentrated using a rotary evaporator, dried at a temperature of 40 °C, put in sealed opaque bottles, and kept in the refrigerator until needed. The process was then repeated using the same steps and conditions until enough of the extract was obtained.

				Determination of total phenolics content

				Was determined using the Folin Ciocalteu reagent (Chun et al., 2003). In a nutshell, 0.5 mL of the extract and 0.5 mL of the Folin-Ciocalteu reagent were combined. Before adding two mL of sodium carbonate solution 7.5% and increasing the volume to eight mL with water, the solution was maintained at 25 °C for 5-8 minutes. 

				The absorbance was determined by spectrophotometer (LKB 4050, England) at 725 nm after two hours of incubation. A calibration curve using gallic acid was realized. The results were expressed in gallic acid equivalents for fresh mass (mg·g-1). The results were computed using the following formula and expressed as a percentage w/w: GAE×V×D×10–6×100/W = total phenolic content (% w/w), where GAE is the gallic acid equivalent (μg·mL-1), V is the total sample volume (mL), D is the dilution factor, and W is the sample weight (g) (Chun et al., 2003).

				Determination of total flavonoids content

				A colorimetric test was used to determine the total flavonoid concentration (Zhishen et al., 1999). Distilled water (4 mL) of were mixed with 100 microliters of the extract. Then 0.3 mL of sodium nitrite solution at 5% was added. Aluminum chloride (0.3 mL of 10%) was added after five minutes. Sodium hydroxide (2 mL of one M) was added to the mixture in six minutes. Distilled water 
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				(3.3 mL) was added right away, and the liquid was properly mixed after being diluted. 

				At 510 nm, the absorbance was measured in comparison to a blank. Rutin served as the calibration curve’s standard. Rutin equivalents per gram of sample (mg·g-1) was used to express the total amount of flavonoids in the extract. Ten milligrams of rutin were diluted to 10, 20, 40, 80, or 160 μg·mL-1 after being dissolved in 100 mL of methanol (80%) (Lin et al., 2007). The 0.5 mL diluted standard solutions were combined with 1.5 mL of 95% methanol, 0.1 mL of 10% aluminum chloride, 0.1 mL of 1 M potassium acetate, and 2.8 mL of diluted water in separate batches. Using a spectrophotometer, the absorbance of the reaction mixture was measured at 415 nm following a 30-minute incubation period at room temperature. The same volume of distilled water was used in place of 10% of aluminum chloride in the blank (Zhishen et al., 1999).

				Experimental fish

				The Aquaculture Department of the College of Agriculture provided the common carp fingerlings used in the research. Fish that were large or extremely stressed were not included. On an electronic scale, each fish was weighed to the nearest 13.51 g while submerged in a bowl of water. Five treatments with three replicates each were applied to the fish (5 fish). Before the experiment began, the fish were given two weeks to get acquainted to the laboratory environment. When the experiment began, the fish were placed in 60 × 40 × 50 cm aquaria, which served as the experimental units.

				Experimental procedure

				A commercial Iranian diet with known chemical composition was utilized in table 1 as the control (C), and pomegranate peel powder (RPP) and alcohol extracts (PPE) at 0.5% and 1%, respectively, were added to four experimental diets. For 70 days, diets were given to the fish twice daily (at 9 am and 4 pm) at a rate of 2% of their body weight. During the trial period, measurements of the water quality parameters (pH= 8.78, EC= 2.71 ds·cm-1, DO= 9.43 ppm, Temp= 24.34 °C, Sal= 1.30 psu) were made.

				Table 1. The proximate chemical composition of the commercial diet used in the experiment.

				
					Nutrition

				

				
					Amount

				

				
					Moisture 

				

				
					10%

				

				
					Crude protein 

				

				
					35%

				

				
					Ash 

				

				
					12%

				

				
					Metabolizable energy 

				

				
					3700 Kcal·kg-1

				

				
					Crude fiber 

				

				
					5.5%

				

				
					Crude fat 

				

				
					6%

				

				
					Total volatile nitrogen (TVN)

				

				
					50 mg·100 g-1

				

				
					Essential amino acids

				

				
					Lysine 

				

				
					1.8%

				

				
					Methionine 

				

				
					0.48%

				

				
					Threonine 

				

				
					1.15%

				

				Composition: wheat flour, barley, corn gluten, vegetable meal, fish meal, yeast, fish oil, vegetable oil, choline chloride, lysine, methionine, threonine, vitamin premix, special mineral premix, anti-oxidant, inositol. 

			

		

		
			
				Hematological analysis

				Blood samples were drawn through the heart by a tow ml glass syringe, and the drawn blood was placed in test tubes in two groups, the first group free of anticoagulant, to obtain serum by using centrifuge (Labofuge 400 E, 600 g; Heraeus, Os-terode, Germany) at 3000 rpm for 15 minutes and kept in refrigeration until biochemical analysis. The Mindrary- BC-30S hematology analyzer was used to measure the hemoglobin concentration (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red blood cells (RBC) and white blood cells (WBC).

				Immune responses and antioxidant activity

				Lysozyme activity was analyzed based on turbidity measurements. In this test, serum (10 μL) was added in cuvettes to 200 μL of Micrococcus suspension (35 mg of Micrococcus dry powder in 95 mL of 0.15 M phosphate buffer + 5.0 mL of NaCl solution). The change in extinction was measured immediately at 546 nm at the beginning of the reaction and after a 20-minute incubation at 40 °C. Lysozyme content was determined based on the calibration curve and the extinction was measured according to Schäperclaus et al. (1992). Catalase, and glutathione peroxidase, activities were determined by using commercial kits (Cayman 707002 Catalase assay kit, and Cayman 703102 glutathione peroxidase assay kit, respectively). 

				Histopathological analysis

				Two fish from each aquarium were randomly selected and sacrificed (n= six per treatment). The head and tail of each fish were removed, and the viscera and liver were dissected and stored for 48 hours in 10% neutral buffered formalin (Thermo Fisher, Kalamazoo, MI). The liver samples were fixed in formalin for 48 hours. Then samples were washed and dried in successive grades of ethyl alcohol. After then the samples were routinely treated to obtain four μm thick paraffin slices using a Cambridge Rocking microtome. All tissues were sectioned longitudinally. For the microscopic analysis, hematoxylin and eosin stains (H&E) were used to stain the slices (Bancroft and Layton, 2013).

				Statistical analysis

				Data were presented as mean ± SD. The results were subjected to one-way analysis of variance (ANOVA) to test the effect of treatment inclusion on fish performance. Data were analyzed using IBM SPSS (2013) program, Version 22. Differences between means were compared using LSD’s multiple range tests at P<0.05 level.

				Results and discussion

				The health benefits of flavonoids have been subjected by recent studies, and their potent antioxidant effects were proven (Orak et al., 2012). As can be seen in table 2, higher antioxidant activity and phenolic contents were found in pomegranate peel. Based on previous studies that report antioxidant activity and total phenolic and flavonoid content, the peel extracts are more potent 
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				(nearly tenfold) than the pulps, indicating that peel extract has more potentially effective compounds (Ardekani et al., 2011). 

				The antioxidant results were consistent with those from studies by Nuamsetti et al. (2012) and Badawi and Gomaa (2016), which found that the alcohol extract contained phenols (185 mg·mg-1 GAE g-1) and flavonoids (32 mg RE·g-1), as well as a total of 166.83 mg GAE·g-1, 152.6 mg GAE·g-1, and 85.48 mg GAE·g-1 of phenols, respectively. Hence, if we compare this plant’s antioxidant content to that of many other plants, it is high. Although, differences between antioxidant content in other studies it must be considered that variations in the total phenolic contents of a pomegranate can be influenced by the solvent used for extraction (Ambigaipalan et al., 2016).

				Table 2. Total phenolic and flavonoid contents of pomegranate peel extract (n= 3).

				
					Total phenolic (mg GAE·g-1)*

				

				
					Total flavonoid (mg RE·g-1)**

				

				
					Alcoholic extract

				

				
					175.95±1.41

				

				
					42.89±1.30

				

				*(GAE)·g-1 -mg gallic acid equivalents ** (RE)·g-1 -mg rutin equivalents.

				Lysozyme enzyme showed an increase in all treatments (figure 1). Badawi and Gomaa (2016) explained that lysozyme is one of the non-specialized agents that are considered the first line against pathogens, and the study indicated that adding PPE increased lysozyme levels, and the same result was indicated by Monir et al. (2020), where they noted improvement in lysozyme levels in serum of Nile tilapia (Oreochromis niloticus) after adding moringa (Moringa oleifera) leaves extract and PPE. The results of the study by Harikrishnan et al. (2012) showed an increase in lysozyme levels after adding PPE to Olive flounder (Paralichythys olivaceus) diets. 

				Hamed and Abdel-Tawwab (2021) confirmed that lysozyme levels increased in Nile tilapia fed on diets containing RPP. The study of Sönmez et al. (2022) showed a continuous increase in lysozyme activity during the 40 days of the experiment in Rainbow Trout (Oncorhynchus mykiss). However, the present results agree with the study of Badrey et al. (2019). Nevertheless, these results may be related to the chemical components of pomegranate peels and extracts such as flavonoids, calutanine, and ellagic acid derivatives (Dahham et al., 2010).

			

		

		
			
				Figure. 1. Lysozyme activity in serum of common carp (Cyprinus carpio) fed with RPP and PPE. Values are presented as mean±SD. Different letters above line express significant differences between treatments (P<0.05). C: Control, P0.5: Pomegranate peel powder 0.5%, Pomegranate peel powder 1%, PA0.5: Alcohol extracts 0.5%, PA1: Alcohol extracts 1%.

				Both antioxidant activities (Catalase and Gpx) were found to be significantly increased (P<0.05) in the serum blood of fed common carp meals containing different concentrations of RPP and PPE presented in figure 2. Antioxidant activities (Catalase and Gpx) were found to be significantly increased (P<0.05) in the serum blood of fed common carp meals containing different concentrations of RPP and PPE are presented in figure 2. 

				However, the increase of Catalase may be attributed to the presence of some phenolic compounds in pomegranate peels such as protochatechuic acid, gallic acid, pyrogallol, p-coumaric acid, catachine, rosmarinic acid, rutin, naringeen, myrcetin scoplatin, and hisperdin, which have antioxidant activities through reducing the stress caused by the generation of free radicals and lipid peroxidation (Mashkor and Muhson, 2014). 

				Also, phenolic compounds enhance GPx enzyme activity (Moskaug et al., 2005). PPE may be an important factor in protecting tissues from oxidative damage by increasing the removal of free radicals by Catalase and GPx enzymes (Abdel-Moneim, 2012)
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				Figure 2. Catalase and GPx activity in serum of common carp (Cyprinus carpio) fed with RPP and PPE. Values are presented as mean±SD. Different letters above lines express significant differences between groups (P<0.05). C: Control, P0.5: Pomegranate peel powder 0.5%, Pomegranate peel powder 1%, PA0.5: Alcohol extracts 0.5%, PA1: Alcohol extracts 1%.
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				Histological studies are very important to assess the health status of fish; through it, the pathological effects that can be caused by nutrients are evaluated, in addition to understanding the mechanisms of digestion, metabolism, and monitoring the health status of fish. In general, the shape and structure of the alimentary canal in fish are closely related to fish food and feeding habits (Banan, 2012; Bonvini, 2017). 

				The results from the conducted histological study are presented in figure 3 for common carp that were fed RPP and PPE supplements. In the control treatment, we observed in figure 3A vacuolization in cells and a kind of necrosis and, additionally, degeneration in the cytoplasm. The liver histological with RPP and PPE showed a relatively normal liver morphology appearance, and the hepatic structure was characterized by compactly arranged hepatocytes disposed in a simple layer aligned with sinusoids. The parenchyma itself was primarily composed of polyhedral hepatocytes, typically with central nuclei, densely stained chromatin margins, and a prominent nucleolus. We also observed the pancreatic mass, which was situated around the branches of the hepatic portal veins. 

			

		

		
			
				Figure 3. Photomicrographs of the liver of common carp fed RPP (P0.5%, P1%), PPE (PA0.5%, PA1%), and control treatment (c). (A) Degeneration and necrosis of hepatocytes (white arrows) and fat vacuoles. (B) fat vacuoles (white arrows), and small number of peripherally displaced, defor-mation (white circle). (C) Hemorrhage (white circle) and irregular nucleus (white arrows). (D) and (E) fat vacuoles (white arrows). H&E; bar= 20 μm.
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				Figure 3B displayed vacuolation and the nucleus disappeared. While, normal histological appearance with lipid accumulation in the cytoplasm of hepatocytes could be noticed in figures C, D, and E. Overall, it was discovered that the addition of RPP and PPE improved the liver’s normal tissue. The development of lipid vesicles during alcohol treatments is depicted in figure 3. Perhaps, lipids and glycogen, which are related to the normal metabolic operation of the liver, may be present in vacuoles in the cytoplasm of hepatocytes. 

				The creation of vacuoles in the liver indicates an imbalance between the pace at which chemicals are synthesized in parenchyma cells and their rate of release into the circulation. Hepatocytes can produce vacuoles as a sort of cellular protection against dangerous compounds, and this defense mechanism may be in charge of gathering toxic molecules and keeping them from interfering with this cell’s basic functions (Ayadi et al., 2015). 

				Moreover, the morphometric assessment of the liver revealed that in P0.5%, a small number of peripherally displaced nuclei were observed. According to Caballero et al. (1999) enlarged nuclei of hepatocytes and nuclear displacement to the hepatocyte periphery, depending on the experimental conditions, are considered a pathological situation or might be regarded as an adaptive mechanism of hepatocytes. In the presented study, the morphology of hepatocytes was similar to the analyzed carp diets. 

				Therefore, the observed hepatic morphology reflected a well-fed status rather than a pathological situation. The present findings are due to the active compounds in pomegranate peels, reported similar results by Hussein et al. (2022).

				Conclusion

				The outcomes of the current study demonstrated that including pomegranate peel alcohol extract in the diet increased blood parameters, immunity, antioxidants, and liver safety. More research should be done to figure out the optimal ratios for fish feed in order to improve the resistance and health of fish farmed using phytogenics rather than using antibiotics.
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Abstract

The aim of this study was to investigate some physiological responses to the
influence of raw pomegranate peel (Punica granatum) (RPP) and alcoholic extract
(PPE) on hematological parameters, immunological responses, and antioxidants
with its histological examination of common carp (Cyprinus carpio) fingerling
(13.5 £ 0.1 g). Treatments included two concentrations of RPP and PPE (control,
0.5 and 1 mg-kg? of diet) of the commercial diet (~35 protein) for 70 days. At the
end of the experiment, all fish were anaesthetized for morphometric measurements
and blood sampling. Significant increases in hemoglobin (HGB), hematocrit (Het),
and red blood cells (RBCs) were observed in RP and PPE from the diet (P<0.05).
Show up the effectiveness of lysozyme improved significantly in all diets containing
PPE compared to the control (P<0.05). An improvement in catalase and glutathione
peroxidase (GPx) activity were observed (P<0.05). Histological examination showed
a normal liver with lipid vacuoles. In summary, the present study revealed an overall
improvement in blood, immune response, antioxidant status and maintenance of liver
efficiency of PPE in the diet.

Keywords: antioxidants; phenols; pomegranate peel; common carp.

Resumen

El objetivo de este estudio fue investigar algunas respuestas fisiologicas a la
influencia del epicarpio crudo (cascara) de la granada (Punica granatum) (RPP) y su
extracto alcohélico (PPE) en pardmetros hematologicos, respuestas inmunologicas y
antioxidantes, junto con su examen histologico en alevines de carpa comtin (Cyprinis
carpio) (13,5 0,1 g). Los tratamientos incluyeron dos concentraciones de RPP y PPE
(testigo, 0.5 y 1 mg-kg" de dieta) en la dieta comercial (~35% de proteina) durante
70 dias. Al final del experimento, todos los peces fueron anestesiados para realizar
‘mediciones morfométricas y toma de muestras de sangre. Se observaron aumentos
significativos en la hemoglobina (HGB), hematocritos (Het) y globulos rojos (RBCs)
en los peces alimentados con RPP y PPE en la dieta (P<0,05). La efectividad de
la lisozima mejoré significativamente en todas las dietas que contenian PPE en
comparacién con el testigo (P<0,05). Se observé una mejora en la actividad de la
catalasa y la glutation peroxidasa (GPx) (P<0,05). El examen histologico mostré un
higado normal con vacuolas lipidicas. El presente estudio revela una mejora general
en la sangre, la respuesta inmune, el estado antioxidante y el mantenimiento de la
eficiencia hepatica con PPE en la dieta.

Palabras clave: antioxidantes; fenoles; céscara de granada; carpa comiin.
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