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				ABSTRACT: The objective of the present study was to investigate the effects of commercial analogue mycotoxin adsorbent (CAMA) and Gepasorbex as a new complex mycotoxin-adsorbent additive on growth performance and serum retinol, tocopherol and 25-hydroxycholecalciferol concentrations of fattening young pigs (n=90), which fed on the combined feed contaminated with mycotoxins. Animals were randomly allocated to 3 groups with 30 heads in each: the first group of pigs (control) fed the basic diet in grower and finisher periods; the second group fed the basic diet with the 0.15% by weight of feed of the mycotoxins-adsorbent as commercial analogue; the third group fed the basic diet with the addition of 0.15% by weight of feed of Gepasorbex, a new compound of mycotoxin-adsorbent additive. On the 48th and 88th days of fattening, blood samples were taken from the pigs for testing the vitamins A, E and 25-hydroxycholecalciferol levels. Piglets from third experimental group followed by group 2 animals showed better growth rates and significantly (P<0.001, P<0.01, respectively) exceeded analogues from the control group in live weight and average daily gain in all age periods which showed a noticeable positive effect of diet’s mycotoxin adsorbents, especially Gepasorbex, on animal growth rates. The results of the laboratory study showed that in the pigs from third experimental group, which fed on Gepasorbex with compound feed, the serum concentrations of retinol, tocopherol and 25-hydroxycholecalciferol were within the biological reference interval and significantly exceeded (P<0.05) similar indicators from the control group in both periods. The results of the experiment showed that when animals are subjected to diets contaminated by mycotoxins, use of a new complex action preparation like Gepasorbex can mitigate the negative impacts of mycotoxins on animal performance, and is more capable to remove mycotoxins without binding to dietary vitamins.
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	INTRODUCTION

	 

	It is known that the use of intensively innovative technologies and pigs of high genetic potential in order to ensure the productivity through efficient use of feed resources, maximum preservation of animals and prevention of various diseases is a feature of the modern pig industry (Caisin et al., 2011). This fact places significant demands on the provision of quality and environmentally friendly feed, which is associated with their contamination by various toxins, heavy metals, pesticides, nitrates, etc. (Bryden, 2012; Holanda et al., 2021). In commercial pig farms, the presence of mycotoxins in feed is, unfortunately, quite common. Therefore, various measures are used to prevent pigs’ diseases caused by mycotoxins, as well as to reduce economic damage (Kanora and Maes, 2009). It should be noted that mycotoxins are toxic secondary metabolites formed by various fungi, such as Aspergillus, Penicillium and Fusarium, which can contaminate feeds and, consequently, food (Pierron et al., 2016; Conte et al., 2020; Hussain et al., 2020; Ulrikh and Smolovskaya, 2021). 

	Despite improvements in good agricultural and industrial practices, the mycotoxin contamination is unavoidable, and contaminants occur almost everywhere in varying concentrations and ratios in the diet of both animals and humans (Ramos and Hernandez, 1997; Bryden, 2012). Global climate change has resulted in unusual weather patterns, with increased frequency of drought, flooding and temperature extremes (Godde at al., 2021). These changes in weather all increase the chance of mycotoxin contamination of feed grains. Increased global trading of feed grains also increases the chance that blends of grains will result in combinations of different mycotoxins in a diet of animals (Mullan, 2017). 

	Currently, scientists from the world's best laboratories have isolated more than 300 to 400 mycotoxins with their laboratory identification of about 20 species (Pereira at al., 2019). Therefore, it was found that mycotoxins are a group of substances with different structure, which is a secondary metabolite of toxicogenic fungi. According to experts, 25% of world grain production shows contamination with mycotoxins (CAST, 2003; Eskola at al., 2019). In addition, these substances are involved in a number of toxic mechanisms, in particular: disruption of several metabolic functions in both humans and animals. Mycotoxicosis is common in pig breeding because pigs are quite sensitive to mycotoxins, where the latter affect the reduction of feed intake, the development of diseases of the reproductive organs, reproductive dysfunction, weakening the body's immune system, reducing resistance to diseases (coccidiosis, colibacillosis, etc.), the cost of preventive and veterinary measures, reducing the effectiveness of vaccines and drugs (D'Mello et al., 1999; Dersjant-Li et al., 2003). However, as noted the susceptibility of pigs to mycotoxicosis is influenced by a number of factors, such as: sex and age, and each mycotoxin has its own mechanism of action with specific clinical manifestations, according to the accepted amount (Cote et al., 1985; Roger and Coulombe, 1993; Hussein and Brasel, 2001). As a result, the losses from pig mycotoxicosis are considerable: a marked decrease in productivity, low reproductive capacity, high mortality, forced slaughter of pigs, which causes significant economic losses (Reddy et al., 2018). The parameters of the impact of mycotoxins on pigs are suppression of immune status, hepatotoxic and nephrotoxic effects, low consumption or complete refusal of feed, increased feed consumption, reduced live weight gain, gastrointestinal and cardiovascular disorders, high mortality, etc. (Holanda and Kim, 2020). It is unfortunate that the body does not produce antibodies to mycotoxins (Díaz-Llano and Smith, 2007).

	In order to prevent mycotoxicosis in pigs, world scientists and practitioners have developed ways to minimize the action of mycotoxins aimed at removing mycotoxins with various mineral and organic adsorbents (Ramos and Hernandez, 1996; Huwig et al., 2001; Battacone et al., 2007; Holanda et al., 2021). Studies by a number of authors have shown that long-term use of sorbents revealed a decrease in the content of vitamins A, D and E in the blood of animals (Lawson et al., 1971; Harvey et al., 1994; Kihal et al., 2022). 

	Therefore, a number of studies are currently being conducted to find the most effective sorbents that will get rid of mycotoxins and preserve vitamins in animals. Due to the urgency of the problem, the study aimed to determine the effectiveness of use of a new complex mycotoxin-adsorbent additive Gepasorbex a product of VetServiceProduct in combined feeds contaminated with mycotoxins, to increase the productivity of pigs.

	 

	MATERIALS AND METHODS

	 

	Ethical regulation

	The rules for the treatment of animals in the experiment were fully complied with European legislation on animal protection and comfort kept on farms (Directive № 95/58 EU «From the protection of farm animals» of the EU Council of 20.07.1998 as amended by EU Regulation № 806/203 of 14.04.2003, № 91/630 EU «Minimum standards for the protection of pigs» of 19.11.1991 as amended by EU Regulation). The protocol of experimental study on blood sampling in pigs, approved by the local Commission on Bioethics of the National University of Life and Environmental Sciences of Ukraine on Good Clinical Practice (GCP) for the protection and humane treatment of experimental animals.

	 

	Experimental design

	A total of 90 heads fattening young pigs were used in the experiment, where the maternal form was a combination of the Large White × Landrace breeds, and the paternal form was boars of the Maxter terminal line. The animals were housed on the commercial farm of the Tavriya Pigs Limited Liability Company placed in Skadovsk district, Kherson region, Ukraine. Animals was divided into two grower and finisher periods: Grower period was included of animals (12-17 weeks old) with a live weight of 30-60 kg consumed 2.4-2.6 kg feed per head per day using the following grower feed type of nutritional value: crude protein = 166.7 g/kg and exchange energy = 13.562 MJ/kg. The pigs were placed on a concrete slotted floor with an area of 0.65 m2/head. Finisher period of fattening was included of animals with a live weight of 61-100 kg (17-22 weeks old) consumed 2.8-3.0 kg feed per head per day using a combined feed type of nutritional value with 146.7 g/kg crude protein and 13.411 MJ/kg exchange energy. The pigs were placed on a concrete slotted floor with an area of 0.85 m2/head.

	 

	Feeding

	As the basic diet (BD) it was used combined feed of own production for the use of premixes of production produced by Alternativa LLC. When transferring pigs from the rearing shop to the fattening shop of the first period, in order to equalize the animals and purity of research in the period from 11-12 weeks, the equalization period started. Then all experimental animals were divided into three groups (on the principle of analogues) of 30 heads: the control group of pigs fed the BD of both grower and finisher»; pigs of the second experimental group consumed the BD of both grower and finisher with the addition of 0.15% by weight of feed CAMA; and the third experimental group fed the BD of both grower and finisher with the addition of 0.15% by weight of feed complex preparation of Gepasorbex (Table 1).

	The composition of 1 kg of Gepasorbex produced by VetServiceProduct LLC contains the following active ingredients (%): silica dioxide (60.2-70.8); aluminum oxide (8.0-12.0); magnesium carbonate (1.0-2.5); titanium dioxide (0.8-0.15); selenium (0.32-0.35); clineopleolite (4.2-4.5); active fodder yeast (8.0-10.0); milk thistle Silybum marianum (18.0-20.0) (the registration certificate = AB-08268-04-19).

	The main feed used for feeding pigs of the experimental groups according to laboratory studies was recognized as slightly toxic to aflatoxin B1 (≤ 0,05 µg/kg), ochratoxins (≤ 0.1-0.4 µg/kg) and zearalenone (≤ 0.25 µg/kg), contract №837 from 06.07.2021 (Expert Center of Diagnostics and Laboratory Support «Biolights» LLC, Kyiv region, Ukraine. In the experiment, fattening indexes were studied according to the methods (Ibatullin et al., 2017).

	 

	
		
				Table 1 - The scheme of the experiment

		

		
				Age

				Group

				Feeding conditions

		

		
				Age 11-12 weeks - EW

		

		
				Age 12-17 weeks

				1st, Control 

				BD for grower

		

		
				2nd, Experimental 

				BD + 0.15% by weight of feed CAMA

		

		
				3rd, Experimental 

				BD + 0.15% by weight of feed Gepasorbex

		

		
				Age 17-22 weeks

				1st, Control 

				BD for finisher

		

		
				2nd, Experimental 

				BD + 0.15% by weight of feed CAMA

		

		
				3rd, Experimental

				BD + 0.15% by weight of feed Gepasorbex

		

		
				EW= equalization period; BD= basic diet; CAMA= commercial analogue mycotoxin adsorbent.

		

	

	 

	 

	 

	 

	 

	Serum retinol, tocopherol and 25-hydroxycholecalciferol measurement

	At 12, 14, 17 and 22 weeks, live weight (in kg) and average daily gain (in g) were measured. On the 48th and 88th days, 30 blood samples were taken from pigs of the experimental groups, on an empty stomach in the morning by puncture of the jugular vein to determine the contents of retinol, tocopherol and 25-hydroxycholecalciferol. Serum samples for the content of these vitamins were conducted in the independent laboratory of Expert Center of Diagnostics and Laboratory Support «Biolights» LLC, Kyiv. Vitamins A and E were examined by high performance liquid chromatography, analyzer and Agilent 1200 HPLC System with UV-detector; Recipe complete Kit (Germany), the detection wavelength for the determination of vitamin A was 328 nm and for vitamin E it was 286 nm. The flow rate was 0.750 ml/min., the temperature of the column thermostat + 30.0°C, and 25-hydroxycholecalciferol measured by electrochemiluminescence immunoassay (ECLIA) method, Cobes e 601 analyzer, Roche Diagnostics system (Germany).

	 

	Statistical analysis

	Data were analyzed using Statistica 12.0 (StatSoft Inc., 2014, www.statsoft.com). Results are presented as mean ± standard deviation (X ± SD). The following significance levels were used for the study: P <0.05; 0.01 and 0.001.

	 

	RESULTS AND DISCUSSION

	 

	A significant difference in productive traits (live weight and average daily gain) of pigs of the control and experimental groups was observed at the age of 56 days, or at 14 weeks (Table 2). It should be noted that all piglets had a live weight of 33-34 kg when put to fattening. During 14-weeks piglets from third experimental group fed on Gepasorbex significantly (P<0.05) by 1.93 kg in live weight exceeded from the control group; for average daily gain significantly (P<0.001) exceeded by 114.3 g from the control group and by 50 g (P<0.05) over the second group fed CAMA. Regarding the 17th weeks: the animals of the third experimental group significantly (P<0.05) exceeded the live weight by 2.3 kg over the piglets of the second experimental group and by 3.63 kg (P<0.001) over to the analogues of the control group. In the piglets of the control and second experimental groups, the average daily weight gain was significantly lower by 81.0 g (P<0.001) and 38.1 g (P<0.05), respectively, than in pigs of the third experimental group. At the age of 22 weeks of fattening, young pigs of the second and third experimental groups had a significantly advantage in live weight by 2.47 kg (P<0.01), 5.10 kg (P<0.001) and average daily gain by 32.36 g (P<0.05), 41.90 g (P<0.01) over control group.

	 

	
		
				Table 2 - Productive traits of experimental groups of pigs

		

		
				                           Group / Age, (n = 30)
Parameters

				1st, control 

				2nd, experimental 

				3rd, experimental 

		

		
				12 weeks

				Live weight, kg

				35.50±0.717

				35.03±0.812

				35.83±0.649

		

		
				14 weeks

				Live weight, kg

				45.80±0.637

				46.23±0.768

				47.73±0.629*

		

		
				Average daily gain, g

				735.7±15.75

				800.0±19.19**

				850.0±12.04***а

		

		
				17 weeks

				Live weight, kg

				62.87±0.610

				64.20±0.791

				66.50±0.645***а

		

		
				Average daily gain, g

				812.7±15.64

				855.6±10.33*

				893.7±8.45***b

		

		
				22 weeks

				Live weight, kg

				93.33±0.471

				95.80±0.720**

				98.43±0.544***b

		

		
				Average daily gain, g

				870.5±11.92

				902.86±9.55*

				912.40±8.55**

		

		
				N= number; Significant: *=P<0.05; **=P<0.01; ***=P<0.001 (in comparison with animals of the first control group); a= P<0.05; b= P<0.01 (in comparison of animals of third experimental group with analogues of second experimental group).

		

	

	 

	 

	 

	
		
				Table 3 - Dynamics of the content of vitamins in the blood serum of pigs

		

		
				The name of vitamins, unit

				Group, (n = 10) / vitamin content

				Biological 
reference interval

		

		
				1st, 
control

				2nd, 
experimental

				3rd, 
experimental

				 

		

		
				Age of pigs – 12 weeks (48 days)

		

		
				Retinol (vitamin A), μg/mL

				25.16±1.28

				25.84±1.39

				27.12±1.65

				27.0-30.0

		

		
				Tocopherol (vitamin E), μg/mL

				3.76±0.52

				4.28±0.39

				5.71±0.96*

				5.7-6.4

		

		
				25-hydroxycholecalciferol (vitamin D), ng/mL

				25.42±1.54

				25.75±1.38

				31.05±2.12*

				30.0-32.0

		

		
				Age of pigs – 22 weeks (88 days)

		

		
				Retinol (vitamin A), μg/mL

				36.13±1.82

				42.29±1.67*

				52.88±1.95***

				50.0-60.0

		

		
				Tocopherol (vitamin E), μg/mL

				5.02±0.37

				5.64±0.29

				6.62±0.54*

				6.5-6.8

		

		
				25-hydroxycholecalciferol (vitamin D), ng/mL

				27.24±0.87

				28.15±0.92

				30.89±1.14*

				30.0-32.0

		

		
				N= number; significant: *= P <0.05; ***= P <0.001.

		

	

	 

	 

	Of the several authors that the use of feeds with the addition of mycotoxin adsorbents in groups of animals improved their growth characteristics (Huwig et al., 2001; Duan et al., 2014; Patience et al., 2014; Weaver et al., 2014; Frobose et al., 2017). Noted that the use of phytobiotics with adsorbent of mycotoxin to mitigate the negative effects of multiple mycotoxins in pig diets increased their productivity, improved the absorption of feed elements and had better biochemical parameters of hepatic metabolism and immune status of pigs (Holanda et al., 2021)

	It should be noted that adsorbents of mycotoxins differ from each other and from generation to generation due to technological developments are becoming more sophisticated and diverse in adsorption properties, as well as show an indirect therapeutic effect. Feed sorbents have the ability to quickly bind a wide range of toxicants. Sorbents are stable at different pH values, thermostable during feed granulation. The use of mycotoxin adsorbents as feed additives is beneficial for reducing the toxic effects of mycotoxins in pigs, which provides a more sustainable use of feed. There are many mechanisms by which adsorbents mitigate the toxic effects of mycotoxins in feed, one of which is adsorption when the mycotoxin interacts with another molecule (adsorbent) and is not absorbed by animals (Boudergue et al., 2009).

	In the adsorbed form, the mycotoxin will be excreted in the feces, and its toxic effects will be minimized in animals. The next mechanism is the use of these agents to strengthen the immune function and intestinal health of the animal, such agents often include the use of prebiotics, probiotics, postbiotics, phytobiotics and synbiotics (Holanda and Kim, 2020).

	However, many feed additives with sorption properties bind vitamins, macro- and micronutrients (Papaioannou et al., 2002; Kihal et al., 2021). According to the results of studies by other authors, it has been proven that long-term use of sorbents revealed a decrease in the content of vitamins A, D and E in blood of animals and poultry. Aflatoxin-B1 caused detrimental effects on liver health and electrolyte balance in pigs, leading to impaired liver function and structure of the liver and kidneys (Schell et al., 1993). The productivity and resistance of piglets depends on providing them with sufficient nutrients and biologically active substances. The latter include vitamins A, D and E, which ensure the normal course of biochemical and physiological processes in the body, have an impact on the growth and development of animals (Kihal et al., 2022).

	As a result of experimental studies, it was found out a decrease in the content of some vitamins in the pigs of control and second experimental groups over animals of third experimental group (Table 3). On 48th and 88th days, in the pigs of the third experimental group, serum concentrations of retinol (27.12 µg/mL and 52.88 µg/mL), tocopherol (5.71 µg/mL and 6.62 µg/mL), 25-hydroxycholecalciferol (31.05 ng/mL and 30.89 ng/mL) respectively, detected within the biological reference interval. This indicates the effect of Gepasorbex on the relative bioavailability of these vitamins in the body of pigs third experimental group.

	On the 48th and 88th days, the piglets of the second experimental group fed CAMA relative to the minimum value of the biological reference interval reduced serum concentrations, %: retinol (↓4.3 and ↓15.4), tocopherol (↓24.9 and ↓13.2), 25-hydroxycholecalciferol (↓14.2 and ↓6.2). A similar trend was noted in the animals of the control group on the 48th and 88th days - a decreased of serum retinol (↓6.8% and ↓27.7%), tocopherol (↓34.0% and ↓22.8%), 25-hydroxycholecalciferol (↓15.3% and ↓9.2%) relative to the minimum value of the biological interval.

	Given that retinol, in addition to its antioxidant function, stimulates the growth of connective tissue («growth vitamin»), its deficiency often reduces weight gain (see Table 2). It is postulated that the decrease in vitamin A levels in the liver is the result of the consumption of T-2 toxin (Dvorska and Surai, 2001) and, as a consequence, a decrease in intestinal absorption of fat-soluble nutrients. Hoehler et al. (1996) suggested that mycotoxins, by stimulating lipid peroxidation of intestinal enterocytes, lead to the damage that significantly contributes to the disruption of retinol absorption. In our studies, this clearly observed in the pigs of control group.

	In turn, the researchers noted that the presence of ochratoxin A in the diet significantly reduced the concentration of α-tocopherol in the liver. In addition, aflatoxin in pig diets reduced serum tocopherol and retinol concentration compared to control and pre-test values and decreased tocopherol concentration in cardiac tissue, which was recorded with animals of control group in the experiment (Harvey et al., 1994). Similar results were obtained by Ponchon et al. (1969), Lawson et al. (1971) on the negative effect of feed mycotoxins in animal diets on the inhibition of cholesterol synthesis, and subsequently on the activation of vitamin D, calcium and phosphorus balance in pigs. 

	 

	CONCLUSION 

	 

	The results of the experiment show that a new complexes mycotoxin adsorbent a positive influence on the growth performance of piglets, increasing the bioavailability of retinol, tocopherol and 25-hydroxycholecalciferol in the body of pigs. The recommended rate a new complexes mycotoxin adsorbent for young fattening pigs is 0.15% by weight of feed. This result can be used in pig farming and also there is a need to study a feed costs and economic efficiency of using a new complexes mycotoxin adsorbent.
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