
		
			Research Article

		

		
			The Comparison of  Moringa oleifera Seeds Oil and Fish Oil in Organ Weight and Blood Haematological Profile in Subchronic Male Mice 

			 

		

		
			Andi Hiroyuki1,2,*, Refina Sastya Qomariyuti1, Najmah Nur Islami3, Vanessa Ayu Sumirat4, Neni Anggraeni5, Mas Rizky A.A Syamsunarno2,6

		

		
			1Veterinary Study Program, Faculty of Medicine, Universitas Padjadjaran, Jatinangor, Indonesia, 45363; 2Department of Biomedical Sciences, Faculty of Medicine, Universitas Padjadjaran, Jatinangor, Indonesia, 45363; 3Anti Aging and Aesthetic Medicine Postgraduate Program, Faculty of Medicine, Universitas Padjadjaran, Bandung, 43211, Indonesia ; 4Magister Study Program of Biotechnology, Jl. Bandung Sumedang Km 21, Jatinangor, 45363, Indonesia; 5Biomedical Science Master Program, Faculty of Medicine, Universitas Padjadjaran, Jl. Prof. Eyckman, Bandung 40161, Indonesia; 6Central Laboratory, Universitas Padjadjaran, Jatinangor, Indonesia, 45363.

			 

		

		
			Abstract | Livestock productivity can be increased by promoting growth using feed supplements such as fish oil containing omega 3, 6 and 9. These ingredients can also be found in Moringa seed oil which is cheaper and easier to find than fish oil. Omega 3 and 6 can increase dietary palatability thereby increasing feed intake which helps increase body weight which is correlated with organ weight. Based on this, a study was conducted that aims to compare the effect of Moringa seed oil and fish oil on organ weight and blood hematological profiles of mice. The study used 24 male mice of the DDY strain which were divided into three groups, namely the control group (Na-CMC-1%), KSO (moringa seed oil), and Omega-3 (fish oil). Mice were checked for temperature, GDP, and body weight at the beginning and end of the experimental period after 6 weeks. After that, the mice were sacrificed and blood samples were taken for hematological examination and the heart, liver, white fat tissue, and kidneys were weighed. The results showed that the average heart weight (0.120 grams) and white fat tissue (0.145 grams) decreased in the KSO group, as did RBC (8.285×106/μl), WBC (2,943×103/μl) and platelets (506 ,5×103/μl), but statistically there was no significant difference in hematological parameters, body temperature, GDP, body weight and liver and kidney weight p(> 0.05). However, there was a difference in heart weight and white fat tissue p(<0.05). In conclusion, Moringa seed oil can affect organ weight and blood hematological profiles like fish oil, but further research is needed to ensure that Moringa seed oil can be used as an alternative to fish oil substitute feed supplements.
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			INTRODUCTION

			 

			Increasing livestock production is an effort made to increase the profits of farmers. In increasing livestock productivity, farmers can using alternative feed supplements as a substitute for antibiotics whose use causes dangerous side effects (Ashayerizadeh et al., 2009; Abdulla, et al., 2018). Such supplements, such as fish oil, contain omega 3, omega 6 and omega 9, which can improve the palatability of the diet. Omega-3 and omega-6 in particular, including polyunsaturated fatty acids (PUFA) which are useful in improving body weight and gaining weight (Alagawany et al., 2019). However, fish oil has a relatively more expensive price than vegetable oil. So that the use of Moringa seed oil which also contains omega 3, 6 and 9 which is easily found in Indonesia at a relatively cheaper price can be a good alternative in increasing livestock productivity (Alegbeleye, 2018; Leone, et al., 2016; Sahay et al. , 2017).

			 

			Omega 3 and omega 6 can increase dietary palatability which causes increased feed intake so as to increase body weight (Johnson and Wardle, 2014). Meanwhile, body weight correlated with an increase in organ weight. This is especially in the organs of the heart, liver, white fat tissue, and kidneys which are fat storage sites in the body (Chait & den Hartigh, 2020). Nmamonu et al. (2020) explained that omega 3 from fish oil can increase body weight, although not significantly. This is related to the administration of omega-3 which initiates anabolic and catabolic synergistic activity in protecting against excessive fat deposition and the activity of increasing adipocyte apoptosis which is related to its role in maintaining body weight balance so that obesity does not occur, but still balances body fat. (Nmamonu et al., 2020).

			 

			To find out the benefits of omega 3 fatty acids in livestock, a study was carried out using mice. Mice are considered very representative to analogize genetic disease models and body systems at an economical price and easier to use as experimental animals (Stevani, 2016). Research conducted on five-week-old DDY male mice showed that the ethanol extract of Moringa leaves had the potential to prevent the deterioration of hematological parameters in mice with a sub-chronic high-fat diet by increasing hemoglobin, decreasing WBC, granulocyte percentage and slightly decreasing MPV (Alia, et al. al., 2019). In a study conducted on rats given omega 3 from fish oil showed that omega 3 can significantly increase PCV, Hb, WBCs, MCV, and MCH and there was no significant change in RBCs and MCHC (Nmamonu et al., 2020). According to Nmamonu et al. (2020), omega 3 functions to modulate hematopoiesis which can affect blood parameters so that it acts as a parameter of health status. Not only that, Nmamonu et al. (2020) also explained that omega-3 fatty acids, especially DHA, supported the occurrence of spermatogenesis in male rats. Even so, there is still little information about the effect of giving omega-3 and omega-6 PUFAs to the health and male reproductive system (Yan et al., 2013; Gulliver, et al., 2012).

			 

			Based on this, a study was conducted that aims to compare organ weight and blood hematological profiles in male mice after being given Moringa seed oil and fish oil.

			 

			MATERIALS AND METHODS

			 

			Research Ethics

			The study received a letter of approval from the Ethics Committee of the Faculty of Medicine, Padjadjaran University with number: 750/UN6.Kep/EC/2020.

			 

			Moringa Seed Oil and Fish Oil Preparation

			Moringa seed oil used comes from PT. Indonesian organic moringa and fish oil used are salmon oil products from Nature’s Health ©. Based on the results of the analysis by PT. Saraswanti Indo Genetech, Moringa (Kelorina Seed Oil) used contain SFA, MUFA, and PUFA (Omega-3, Omega-6 and Omega-9). The two preparations used were analyzed their content in the Food Technology Test Laboratory and Agricultural Products, Faculty of Agricultural Technology, Gadjah Mada University. The ingredients are lauric acid, myhistic acid, palmitic acid, palmitoleic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, eccrucuic acid, lycnoserate acid, arachidic acid, and behenic acid.

			 

			Animal Treatment

			This study used 24 male DDY strain mice, aged more than three weeks and body weight ranging from 20-40 g from PT Bio Farma, Bandung, West Java, Indonesia. The acclimatization period was 7 days. Mice were placed in a room with a controlled system of air, temperature, and humidity. The lighting system is set on a 12 hour light/dark cycle. The mice were divided evenly into three groups (n=8 mice each group) consisting of the control group (given 1% Na CMC at a dose of @ 200μl/20gr BW mice), the KSO group (given Moringa seed oil at a dose of @ 200μl/20gr BB mice), and the Omega-3 group (given fish oil at a dose of @ 200μl/20gr body weight mice.). After the acclimatization period, body weight, blood sugar levels (GDP) and rectal temperature were measured to see the basal metabolic and health status of the mice.

			 

			Samples Collection

			After the treatment on the mice ended, the mice were fasted for 6-8 hours. Furthermore, the weight, temperature and GDP of the mice were checked and then the mice were anesthetized with a combination of ketamine (dose of 1.5 cc/mouse) and xylazine (dose of 1.5 cc/mouse) and then 0.3 ml was injected intraperitoneally. After that, 1-1.5 ml of blood was taken using the cardiac puncture method and then put into a 10% EDTA tube. The blood sample is then examined with a hematology analyzer. Then the organs in the mice were taken starting from the heart, liver, white adipose tissue and kidney. These organs were then weighed to see the effect of Moringa seed oil and fish oil on these organs.

			 

			 

			Statistical Analysis

			Normality of the data is determined by Shapiro-Wilk to determine the distribution of the data. Differences between groups were determined using one-way ANOVA for normally distributed data, while the data were not normally distributed using Kruskal-Wallis (Petrie & Watson, 2013). The value is considered to be significantly different if p <0.05. (Syamsunarno, et al., 2019).

			 

			RESULT AND DISCUSSION

			 

			Result

			Data is presented in the Mean ± SD graph if the data is normally distributed, and for non-parametric data it is presented in the median graph (min-max).

			 

			Body Temperature

			The body temperature of the mice was checked at the beginning of the experiment to ensure the health of the mice. After being given Moringa seed oil and fish oil preparations for six weeks, the mice’s body temperature was re-examined as a health control.

			 

			The results of statistical analysis (Figure 1) showed that there was no significant difference in body temperature of male mice after treatment between groups of p (> 0.05). 
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			Figure 1: Body temperature of male mice in the control group, KSO and Omega-3.

			 

			Fasting Blood Glucose (GDP)

			Fasting Blood Sugar (GDP) examination is carried out to check glucose levels in the body which aims to check basal metabolism and determine whether an individual has diabetes. In this study, GDP was examined at the beginning and end of treatment as a health control of mice. In Figure 2. shows that there is no significant difference P (> 0.05) in the level of GDP of mice between the treatment groups.
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			Figure 2: Blood sugar of male mice in the control group, KSO and Omega-3.

			 

			Body Weight

			Based on the results of statistical analysis on Figure 3, it showed that there was no significant difference in p(>0.05) body weight of mice in all treatment groups.
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			Figure 3: Body weight of male mice every three days in the control group, KSO and Omega-3.

			 

			Organ Weight

			Measurement of organ weight was carried out because the increase in organ weight correlated with the increase in body weight of mice which could be caused by dietary palatability which in this study was influenced by supplementation of Moringa seed oil and fish oil. The heart, liver, white fat tissue and kidneys are places for storing fat in the body so an examination is carried out after administration of Moringa seed oil and fish oil to determine whether there is fat accumulation in the tissues by measuring organ weight (Nmamonu et al., 2020) (Table 1). 

			 

			 

			 

			 

			Table 1: The average weight of the heart organ and WAT in the Control group, KSO and Omega-3

			
				
					
					
					
					
					
					
					
				
				
					
							Organ
							Group
					

					
							Control
							KSO
							Omega 3
					

					
							
							Mean (gr)

						
							
							SD

						
							
							Mean (gr)

						
							
							SD

						
							
							Mean (gr)

						
							
							SD

						
					

					
							
							Heart 

						
							
							0,117

						
							
							0,117

						
							
							0,120

						
							
							0,120

						
							
							0,145

						
							
							0,145

						
					

					
							
							WAT 

						
							
							0,143

						
							
							0,051

						
							
							0,142

						
							
							0,097

						
							
							0,288

						
							
							0,096

						
					

				
			

			

			 

			Table 2: The average level of blood haematological profile in the Control group, KSO and Omega 3.

			
				
					
					
					
					
					
					
					
				
				
					
							Parameter
							Group
					

					
							Control
							KSO
							Omega 3
					

					
							
							Mean

						
							
							SD

						
							
							Mean

						
							
							SD

						
							
							Mean

						
							
							SD

						
					

					
							
							RBC (106/μl)

						
							
							9,202

						
							
							0,688

						
							
							8,285

						
							
							1,555

						
							
							8,092

						
							
							1,830

						
					

					
							
							Hb (g/dl)

						
							
							13,58

						
							
							0,783

						
							
							12,28

						
							
							2,223

						
							
							12,62

						
							
							2,167

						
					

					
							
							HCT (%)

						
							
							40,06

						
							
							1,782

						
							
							36,30

						
							
							5,716

						
							
							35,46

						
							
							8,445

						
					

					
							
							MCV (fl)

						
							
							43,67

						
							
							2,422

						
							
							44,67

						
							
							5,086

						
							
							43,83

						
							
							2,317

						
					

					
							
							MCH (pg)

						
							
							14,80

						
							
							0,721

						
							
							14,97

						
							
							1,050

						
							
							15,92

						
							
							1,785

						
					

					
							
							MCHC (g/dl)

						
							
							33,92

						
							
							1,317

						
							
							33,70

						
							
							1,902

						
							
							36,42

						
							
							4,260

						
					

					
							
							RDWc (%)

						
							
							21,27

						
							
							1,660

						
							
							22,70

						
							
							2,773

						
							
							20,32

						
							
							3,583

						
					

					
							
							WBC (103/μl)

						
							
							2,982

						
							
							0,429

						
							
							2,943

						
							
							2,006

						
							
							3,850

						
							
							1,869

						
					

					
							
							Lym (103/μ)

						
							
							1,623

						
							
							0,725

						
							
							1,897

						
							
							1,540

						
							
							1,820

						
							
							0,478

						
					

					
							
							Mon (103/μl)

						
							
							0,458

						
							
							0,228

						
							
							0,570

						
							
							0,367

						
							
							0,768

						
							
							0,400

						
					

					
							
							Gra (103/μl)

						
							
							0,898

						
							
							0,500

						
							
							0,582

						
							
							0,395

						
							
							1,262

						
							
							1,571

						
					

					
							
							Lym (%)

						
							
							53,55

						
							
							19,34

						
							
							59,03

						
							
							17,00

						
							
							55,18

						
							
							22,52

						
					

					
							
							Mon (%)

						
							
							15,07

						
							
							6,748

						
							
							18,58

						
							
							4,464

						
							
							19,58

						
							
							4,346

						
					

					
							
							Gra (%)

						
							
							31,42

						
							
							18,43

						
							
							22,42

						
							
							16,31

						
							
							25,28

						
							
							21,17

						
					

					
							
							PLT (103/μl)

						
							
							533,3

						
							
							43,28

						
							
							506,5

						
							
							222,5

						
							
							565,8

						
							
							134,6

						
					

					
							
							PCT (%)

						
							
							0,163

						
							
							0,028

						
							
							0,142

						
							
							0,092

						
							
							0,178

						
							
							0,061

						
					

					
							
							MPV (fl)

						
							
							3,050

						
							
							0,315

						
							
							2,850

						
							
							0,869

						
							
							3,183

						
							
							0,821

						
					

					
							
							PDWc (%)

						
							
							32,67

						
							
							0,589

						
							
							32,52

						
							
							1,511

						
							
							33,18

						
							
							1,797

						
					

				
			

			

			 

			In this study, the average weight of the heart in the control group was 0.117 grams, the KSO group was 0.120 grams and the Omega 3 group was 0.145 grams. WAT weight in the control group was 0.143 grams, the KSO group was 0.142 grams and the Omega 3 group was 0.288 grams. The organ measurement data is then statistically processed and presented in a graph (Figure 4).

			 

			Figure 4. shows that there is a significant difference in the weight of the heart organ between the p groups (<0.05). Liver weight analysis did not show a significant difference p (> 0.05). The results of the analysis of the comparison of WAT weight between groups showed that there was a significant difference in p (<0.05). Meanwhile, the results of the analysis of kidney weight showed that there was no significant difference between the p groups (> 0.05).

			 

			Blood Haematological Profile 

			Blood hematology profile examination is used as a health control parameter which includes the examination of the

			components of RBC, WBC and platelets. 
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			Figure 4: Weight of heart, liver, white adipose tissue (WAT), kidney in the control group, KSO and omega 3.

			 

			RBC Component

			The components of RBC (Red Blood Cell) examined in this study include Hb (hemoglobin), HCT (hematocrit), MCV (Mean Corpuscular Volume), MCH (Mean Corpuscular Haemoglobin), MCHC (Mean Corpuscular Haemoglobin Concentration), and RDWC (Red Blood Cell). Cell Distribution Width). Table 2 data shows that the RBC levels in the control group were 9.202 × 106/μl, the KSO group was 8.285 × 106/μl and Omega 3 was 8.092 × 106/μl. Then the hemoglobin (Hb) level from the control group was 13.58 g/dl, to 12.28 g/dl in the KSO group, and 12.62 g/dl in the Omega 3 group. The percentage of HCT in the control group was 40.06%. the KSO group was 36.30% and the Omega 3 group was 35.46%. Meanwhile, the average levels of MCV, MCH and RDW increased (Table 2). The MCV levels of the control group were 43.67 fl, the KSO group was 44.67 fl and the Omega 3 group was 43.83 fl. MCH levels in the control group were 14.80 pg, the KSO group was 14.97 pg and the Omega 3 group was 15.92 pg. MCHC levels in the control group were 33.92 g/dl, the KSO group was 33.70 g/dl and the Omega 3 group was 36.42 g/dl. Percentage of RDW in the control group 21.27%, KSO group 22.70% and Omega 3 group 36.42%. Based on the results of the analysis on the components of RBC, namely hemoglobin, hematocrit, MCV, MCH, MCHC and RDW, it showed that there were no significant differences in all treatment groups p (> 0.05) (Figure 5). 
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			Figure 5: RBC components (hemoglobin, hematocrit, MCV, MCH, MCHC, RDW).

			 

			WBC Component

			The components of WBC (White Blood Cell) examined in this study include lymphocytes, monocytes, granulocytes, %lymphocytes, %monocytes and %granulocytes. The data in Table 2 shows the value of the WBC component. The value in the control group was 2,982 × 103/μl, in the KSO group it decreased to 2,943 × 103/μl and the Omega 3 group increased to 3,850 × 103/μl. Lymphocyte levels increased in the KSO group of 1.897 × 103/μl and Omega 3 1.820 × 103/μl compared to the control group of 1.623 × 103/μl. Likewise, monocytes experienced an increase in the KSO group of 0.570 × 103/μl and the Omega 3 group 0.768 × 103/μl compared to the control group of 0.458 × 103/μl. Based on the results of the analysis on the components of WBC, namely lymphocytes, monocytes, granulocytes, %lymphocytes, %monocytes, and %granulocytes (Figure 6). The result showed that there were no significant differences in all treatment groups p (>0.05).
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			Figure 6: WBC components (lymphocytes, monocytes, granulocytes, %lymphocytes, %monocytes, %granulocytes)
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			Figure 7: shows that there is no significant difference in p (>0.05) in the platelet components, namely PCT, MPV, and PDWC, between the treatment groups.
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			Figure 8: RBC, WBC, Platelet Profile

			 

			Platelet Component

			Platelet components include PCT (Plateletcrit), MPV (Mean Platelet Volume), and PDWC (Platelet Cell Distribution Width). The data in table 2 shows the values of the platelet components examined in this study. PLT levels in the control group were 533.3 × 103/μl, the KSO group was 506.5 × 103/μl and the Omega 3 group was 565.8 × 103/μl. Meanwhile the percentage of PCT in the control group was 0.163%, decreased in the KSO group was 0.142%, and increased in the Omega 3 group was 0.178%. MPV levels in the control group were 3,050 fl, the KSO group was 2,850 and the Omega 3 group was 3,183 fl. The percentage of PDWc in the control group was 32.67%, the KSO group was 32.52% and the Omega 3 group was 33.18%. Figure 7. shows that there is no significant difference in p (>0.05) in the platelet components, namely PCT, MPV, and PDWC, between the treatment groups.

			 

			Profil RBC, WBC, Platelet

			The hematological profile of the blood examined in this study included the components of RBC, WBC and platelets. The result as shown in Figure 8 shows that there is no significant difference p (> 0.05). on RBC, WBC and platelets in all groups

			 

			Discussion

			 

			Comparison of Body Temperature

			Giving PUFA, for example, omega 3, can modulate metabolism, thermogenesis, immune system and satiety. This thermogenic activity in omega 3 arises from the formation of white adipose tissue, increased mitochondrial respiration in BAT or miRNA modulation via free fatty acids (Rice et al., 2021). In addition, omega 3 also acts as a vasodilator that increases blood flow so that the effects of body heat appear (Buckley & Howe, 2010; Nmamonu et al., 2020). In this study, Moringa seed oil and fish oil both have omega 3 PUFAs. Therefore, both of them cause the effect of body heat on mice.

			 

			Comparison of GDP

			In this study, it was found that the GDP level of male mice in all groups did not have a significant difference. This is in accordance with Moodley’s research (2018) which states that there is no significant difference in blood sugar levels after subchronic administration of Moringa in male mice. Omega 3 fatty acid supplementation can increase plasma blood sugar levels by increasing glycerol gluconeogenesis (Chauhan et al., 2017). This increase occurs because the administration of high doses of omega 3, which includes free fatty acids, can increase the process of gluconeogenesis in the liver. This condition is related to the production of acetyl-CoA, NADH, and ATP from the oxidation of free fatty acids. This oxidation process can decrease the activity of phosphofructokinase 1 and increase the activity of fructose-1,6-bisphosphatase (FBP-1) thereby stimulating gluconeogenesis (Lam, et al., 2003). In addition, Moringa also plays a role in glucose homeostasis and increases insulin sensitivity, so that Moringa functions as an antihyperglycemic (Vergara-Jimenez et al, 2017). 

			 

			Comparison of Body Weight

			Figure 3 shows the effect of treatment on body weight of mice. Even so, based on the results of statistical analysis showed that there was no significant difference in each group. This study is in accordance with the research of Buckley & Howe (2010) which states that the provision of vegetable oil to replace fish oil does not provide a significant difference to weight gain. This is supported by Moodley’s research (2018) which showed that the administration of Moringa oil did not provide a significant difference. Omega-3 in Moringa seed oil and fish oil has an anti-obesity effect (Bais et al., 2014). The results obtained from this study are thought to be related to the administration of omega-3 which initiates synergistic anabolic and catabolic activities in overcoming excessive fat deposition. Omega-3 does not increase fat accumulation in the body, but modulates fat accumulation in tissues (Nmamonu et al., 2020). In addition, the administration of these fatty acids can increase satiety which can lead to reduced subsequent food intake. It is also associated with changes in the expression of genes involved in the regulation of fat oxidation that favor the reduction of fat deposition (Buckley & Howe, 2010).

			 

			Comparison of Organ Weight

			In this study, it was found that there was no significant difference in the weight of the liver and kidneys, while the heart and white adipose tissue showed significant differences. The difference in heart weight was observed in the control group vs Omega-3 and the KSO vs Omega-3 group. Fat is stored in adipose tissue which is found in several organs, one of which is the heart. Just like fish oil, Moringa seed oil contains omega-3, omega-6, and omega-9. Omega 3 (linonelic acid) and 6 (linoleic acid) play an important role in cardiovascular disease, namely as anti-obesity and lowering cholesterol levels. Although the two oils used both have omega 3, but the percentage levels are different. 

			 

			In addition, fish oil contains more Omega 3 in the form of EPA and DHA than Moringa oil which is a vegetable oil (Ayisi, 2021). DHA has an important role in cardiovascular health and spermatogenesis while EPA has anti-inflammatory benefits related to its chemoprotective role in cardiovascular disease by modulating body fat accumulation and reducing fat deposition, one of which is in the heart (Bais et al., 2014; Nnamonu et al., 2020). In this study, the average heart weight in the Omega 3 group was greater than the control and KSO groups. According to Hidayat & Rivati (2021), this weight increase can be related to excessive consumption of DHA and EPA, thereby inhibiting the formation of arachidonic acid (AA) from omega 6 which plays a role in the growth process and reducing body fat accumulation.

			 

			In addition to the heart, the difference in organ weight occurred in WAT, precisely in the KSO group against the Omega 3 group. Based on research by Buckley & Howe (2010) explained that the accumulation of epididymal fat, which is the location where WAT was found in rodents, was less in the omega 3 group than the increase in fat mass in the kidneys (retroperitoneal). The difference between epididymal and retroperitoneal fat is due to a reduction in adipocyte size without a change in adipocyte number. In this study, the difference in WAT weight that was not accompanied by a difference in fat mass in the kidneys was thought to be due to a decrease in circulating triglycerides associated with lower plasma triglyceride concentrations in medium and high omega supplementation. Therefore, this effect is mainly seen in visceral fat depots as observed in the epididymis.

			 

			The difference in WAT weight is thought to be caused by a reduction in the accumulation of visceral fat mediated by DHA, which is abundant in fish oil. Based on the research of Ruzickova et al. (2004) explained that EPA and DHA can attenuate epididymal fat accumulation, but have a limited effect on subcutaneous fat accumulation. DHA is responsible for the anti-obesity effect of increased intake of omega 3. This effect is associated with increased fat oxidation in heart, liver, skeletal muscle and visceral fat thereby decreasing the availability of substrate for deposition in adipose tissue. Consequently, fat storage capacity is reduced due to decreased expression of lipogenic genes in adipose tissue thereby contributing to the reduction of body fat (Buckley & Howe, 2010).

			 

			Comparison of Blood Haematological Profile

			Red Blood Cells Components: In this study, the results showed that the average levels of RBC, Hb, and Hct decreased. Even so, based on the results of statistical analysis in this study, it showed that RBC, Hb, and Hct did not have a significant difference. This condition was also found in several studies, namely, Alia et al. (2019) and Moodley (2018) which stated that the administration of Moringa did not have a significant difference in these components. Research by Nnamonu et al. (2020) also stated that giving omega 3 from fish oil did not give a significant difference in RBC. This is supported by Asare (2011) which states that there is no difference in RBC after being given vegetable oil as a substitute for fish oil. Decreases in the number of RBC, hemoglobin and hematocrit are often associated with anemia or lack of blood, trauma, bacterial and parasitic infections, immune mediation, and excess water consumption (Jackson, 2007). 

			 

			Although the values obtained varied, statistically the components of MCV, MCH, and MCHC did not have a significant difference, which was in accordance with the research of Alia et al. (2019) and Nnamonu et al. (2020). This statement is supported by the research of Babalola et al. (2016) which stated that the provision of vegetable oil compared to fish oil did not show significant differences in MCV, MCH and MCHC. An increase in MCV can be associated with macrocytosis, anemia, or folate disorders while an increase in MCH can be associated with anemia (Jackson, 2007). In this study, the increase in MCV showed that the administration of omega 3 fatty acids did not cause erythrocyte shrinkage. This shrinkage occurs due to stress, anemic conditions or as a result of poor erythropoiesis due to the entry of harmful substances into the hemopoietic tissue (Nwani et al., 2013).

			 

			White Blood Cells Components: The average levels of the WBC component in this study showed varying values. Although they showed varying values, statistically the WBC components (lymphocytes, monocytes, granulocytes, %lymphocytes, %monocytes, and %granulocytes) did not show a significant difference. This is in accordance with the research of Alia et al. (2019) and Nnamonu et al. (2020) which states that there is no significant difference to the WBC component. The increase in lymphocytes can be related to the release of the hormone epinephrine while the increase in monocytes is associated with phagocytic activity, inflammation, corticosteroids, secondary hemolysis and neoplasia (Jackson, 2007). Variations in the value of the WBC component in this study illustrate that omega 3 fatty acids can inhibit the immune system and cause inflammatory reactions (Suzana et al., 2017). This reaction results in inhibition of lymphocyte proliferation by reducing neutrophil chemotaxis, natural killer cell (NK-cell) responses and the production of proinflammatory cytokines such as interleukin (IL-1β), TNFα, proinflammatory eicosanoids-prostaglandin E2 (PGE2) and leukotrienes B4 (LTB4) (Kelley, 2001).

			 

			Platelet Components: In this study, it was found that there was a variation in the average levels of the Platelet component (PLT). However, there was no statistically significant difference between the platelet components in all groups. The results of this study are in accordance with Alia et al. (2019) which showed that the administration of Moringa did not have a significant difference in the platelet component. This is supported by research by Babalola et al. (2016) which stated that the provision of vegetable oil used to replace fish oil did not provide a significant difference in total platelets. The increase in the platelet component can be related to the presence of iron deficiency, causing anemia, inflammation and neoplasia of megakaryocytes (Jackson, 2007).

			 

			RBW, WBC, Platelet: The levels of RBC, WBC and Platelets in this study also showed varying values. However, there was no statistical difference between groups). In a study explained that Moringa oleifera contains ascorbic acid and beta-carotene which can increase the absorption of non-heme iron, and amino acids in the leaves can contribute to erythropoietin activity (Idohou-dossou, 2011). Moringa seed extract also plays a role in anti-inflammatory activity by stimulating cellular and humoral immunity as a cyclophosphamide-induced immunodeficient response through an increase in white blood cell (WBC) count, neutrophil percentage and serum immunoglobulin (Vergara-Jimenez et al, 2017). In addition, Moringa seed extract also contains omega 3 (linolenic acid), such as fish oil. Omega 3 has the ability to affect the process of hematopoiesis. These fatty acids can modulate hematopoiesis by restoring the fast-differentiating compartments of myeloid progenitor cells in the bone marrow to healthy progenitor cells (Nnamonu et al., 2020). Therefore, in this study, various values of hematological parameters were obtained, but did not show significant differences.

			 

			CONCLUSION

			 

			The results showed that there were no significant differences in body weight, fasting blood sugar, liver weight, kidney weight, and blood hematological profiles (RBC, WBC, and platelets), while heart and white adipose tissue weights showed significant differences. This shows that Moringa seed oil has an effect on organ weight and blood hematological profile of male mice. Therefore, to ensure that the oil can be used as a feed supplement, further research is needed on other organ systems.
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Abstract | Livestock productivity can be increased by promoting growth using feed supplements such as fish oil con-
taining omega 3, 6 and 9. These ingredients can also be found in Moringa seed oil which is cheaper and easier to find
than fish oil. Omega 3 and 6 can increase dietary palatability thereby increasing feed intake which helps increase body
weight which is correlated with organ weight. Based on this, a study was conducted that aims to compare the effect of
Moringa seed oil and fish oil on organ weight and blood hematological profiles of mice. The study used 24 male mice
of the DDY strain which were divided into three groups, namely the control group (Na-CMC-1%), KSO (moringa
seed oil), and Omega-3 (fish oil). Mice were checked for temperature, GDP, and body weight at the beginning and
end of the experimental period after 6 weeks. After that, the mice were sacrificed and blood samples were taken for
hematological examination and the heart, liver, white fat tissue, and kidneys were weighed. The results showed that
the average heart weight (0.120 grams) and white fat tissue (0.145 grams) decreased in the KSO group, as did RBC
(8.285x106/ul), WBC (2,943x103/pl) and platelets (506 ,5x103/ul), but statistically there was no significant difference
in hematological parameters, body temperature, GDP, body weight and liver and kidney weight p(> 0.05). However,
there was a difference in heart weight and white fat tissue p(<0.05). In conclusion, Moringa seed oil can affect organ
weight and blood hematological profiles like fish oil, but further research is needed to ensure that Moringa seed oil can
be used as an alternative to fish oil substitute feed supplements.
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INTRODUCTION a substitute for antibiotics whose use causes dangerous side
effects (Ashayerizadeh et al., 2009; Abdulla, et al., 2018).

Increasing livestock production is an effort made to in-  Such supplements, such as fish oil, contain omega 3, ome-
crease the profits of farmers. In increasing livestock pro-  ga 6 and omega 9, which can improve the palatability of
ductivity, farmers can using alternative feed supplements as  the diet. Omega-3 and omega-6 in particular, including
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