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			Abstract | In the duck industry, there has been a recent surge of interest in the use of bentonite and illite as a means of improving the growth performance and litter quality. The aim of this study was to compare bentonite and illite with respect to the growth performance and litter quality of duck. A total of 180 male Pekin ducks (1 day old) were randomly assigned to one of three groups (control, 2% bentonite powder, and 2% illite powder), with 4 replicates of 15 birds per pen in a completely randomized design. The initial body weight, final body weight, weight gain, feed intake and the feed conversion ratios was not greatly influenced by the addition of 2% bentonite and illite. For the mean litter pH, no significant differences were observed in all treatments. There was an increase (P<0.05) in the total nitrogen content in the litter samples of the bentonite and illite groups when compared to the control. These results show that the inclusion of 2% bentonite and illite to duck diets has a positive effect on improving the total nitrogen in the duck litter as a soil improvement additive.
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			INTRODUCTION

			 

			Recently, clay minerals have been evaluated as an important component of feed additives for improving the productivity and meat quality of animals (Prasai et al., 2016). One of the major reasons for these effects is the increase in the intestinal retention time of the feed, thus, allowing for increased enzymatic action on the nutrients (Karmanlis et al., 2008; Pasha et al., 2008). According to other studies, the order of magnitude for the effects of the different clay minerals on animal productions were bentonite > illite > kaolinite (Kang et al., 2002). The characteristics of these two natural products (bentonite and illite) are summarized below.

			 

			Bentonite is a clay mineral that has strong colloidal properties and a high adsorbent capability of heavy metals and bacteria (Prasai et al., 2016). For animal experiments, several studies have shown an improvement in the nutrient digestibility and enzymatic activity of gastrointestinal secretion, caused by the addition of bentonite to broiler and pig feedstuffs (Parisini et al., 1999; Alzueta et al., 2002).

			 

			Illite is a non-expanding, clay-sized mineral mixture that contains phyllosilicate or layered alumino-silicate (Sarker and Yang, 2010). It has been used as a potential feed additive as it improves production and bowel function and reduces heavy metals in the blood (Mitchell, 1993; Sarker et al., 2010). For example, illite can increase the growth performance of Hanwoo calves when supplemented with a combination of green tea and licorice (Sarker et al., 2010). In addition, the average daily gain (ADG) in Hanwoo steers has been improved with the dietary inclusion of illite (Cho et al., 2001). 

			 

			In terms of feed additives, the recommended levels of bentonite and illite in feed, for the safety of all animal species, are 3% and 2%, respectively (EFSA, 2012 and 2014). To the best of our knowledge, very few studies have been conducted on the growth performance and litter quality of duck. Thus, in this study we tested the growth performance and litter quality of duck, to compare bentonite and illite as feed additives.

			 

			MATERIALS AND METHODS

			 

			Experimental Design and Birds 

			The Animal Care and Use Committee of the Gilhong Farm (Geochang, South Korea) approved this experimental protocol. A total of 180 male Pekin ducks (1 day old) from a commercial strain were used. Ducks were randomly assigned to one of three groups (control, 2% bentonite powder, and 2% illite powder), with 4 replicates of 15 birds per pen, in a completely randomized design. They were equally allocated to each pen (2.0 × 1.5 m), which had sawdust for bedding as the litter materials. Each pen was equipped with 1 feed trough and 6 nipples, with a nipple watering line for food and water provision. Ducks were given free and continuous access to food and water. Subsequently, from day 0 to 21 and day 22 to 42, a starter (21% crude protein) and finisher (17% crude protein) diet were offered, respectively. A 23:1 h light-dark cycle was provided throughout the 42-day experimental period (Kwon et al., 2014). The temperature was kept at 33 °C during the first 14 days and then gradually decreased as the ducks progressed in age, with a final temperature of 20–22 °C at day 42. The ventilation and relative humidity were automatically controlled by air inlets and exhaust fans located along the side walls. The bentonite and illite, as a purified powder that was formulated for animal use, were purchased from Yusim Farm (Young Ju, South Korea). The chemical compositions of the bentonite and illite are shown in Table 1. For the growth performance, bodies were weighed on a replicate basis at the start of day 10 and the end of the 42 day test period. The feed intake was observed at each feed change interval, to determine the weight gain and feed conversion ratio. 

			 

			Litter Collection and Analytical Procedure

			Litter samples were obtained from four random sites inside each pen at the end of day 42. First, the litter was collected using one glove per sample, to avoid cross contamination, and mixed thoroughly. After being separated into approximately 100 g each, individual plastic bags were used to seal the litter samples as quickly as possible, which were immediately stored in a refrigerator (4 °C for one day) for analysis. Litter samples were analyzed for their pH and total nitrogen content by the procedures as described in the AOAC methods (1990).

			 

			Statistical Analysis

			All statistical analyses were performed using a one-way ANOVA and the GLM procedure of SAS (SAS Institute, Version 9.2, 2008), where pens were the experimental unit for growth performance and litter quality. The means were compared using Duncan’s multiple range test, with a statistical difference only considered significant if the P values were 0.05 or below.

			 

			RESULTS

			 

			Table 2 shows the growth performance of ducks that were supplemented with 2% bentonite and 2% illite during the experimental period, according to group and age. The initial body weight, final body weight, weight gain, and feed intake were not influenced (P>0.05) by the addition of bentonite or illite. The only difference (P<0.05) in the growth performance was the feed conversion ratios, but there were no remarkable effects among the treatments regarding the feed conversion ratios. Data of the pH and total nitrogen content in the duck litter, after 42 days, are presented in Table 3. The addition of bentonite and illite had no great effect (P>0.05) on the mean litter pH. As expected, the total nitrogen in the litter samples for the bentonite and illite groups significantly increased (P < 0.05), when compared to the control. 

			 

			DISCUSSION

			 

			In general, bentonite, illite, and zeolite are used as alternative materials in poultry production systems because of their positive effects on the health and performance of broilers (Christaki et al., 2001). In this study, it is important to note that using 2% bentonite or illite in duck diets had no positive effects on their growth performance. These results are surprising as the use of a natural clay as a feed additive would be expected to have additional beneficial effects on duck production, including the slowing of the digesta transit, which leads to more efficient use of nutrients (Karamanlis et al., 2008). Similar to our findings, Choi (2018) reported no improvements in the economic indicators or duck production when 1% and 1.5% of illite were added to duck diets. However, other studies have reported that the use of sodium bentonite improves weight gain in broilers (Prvulovic et al., 2008; Safaeikatouli et al., 2010). Salari et al. (2006) also indicated that broilers fed diets containing 1% and 2% sodium bentonite could show improvements in their weight gain and feed conversion ratio. Considering the recommended maximum dose of these clays (EFSA, 2012 and 2014), little information is currently available on the type of materials used, purity levels, physicochemical properties, and levels of supplementation as feed additives, due to inconsistencies in the results from other studies.

			 

			The litter quality of the bentonite and illite groups showed a remarkable increase in the total nitrogen content when 

			Table 1: Chemical compositions of bentonite and illite

			
				
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							Sample
							Chemical compositions (%)
					

					
							
							SiO2

						
							
							Al2O3

						
							
							Fe2O3

						
							
							CaO

						
							
							MgO

						
							
							K2O

						
							
							Na2O

						
							
							MnO

						
							
							TiO2

						
							
							P2O5

						
							
							IOI

						
					

					
							
							Bentonite

						
							
							50.95

						
							
							20.47

						
							
							5.18

						
							
							1.83

						
							
							2.95

						
							
							0.19

						
							
							2.79

						
							
							0.03

						
							
							0.94

						
							
							1.00

						
							
							13.20

						
					

					
							
							Illite

						
							
							49.55

						
							
							29.55

						
							
							1.50

						
							
							0.24

						
							
							0.32

						
							
							6.40

						
							
							0.32

						
							
							0.07

						
							
							0.56

						
							
							0.26

						
							
							6.22

						
					

				
			

			

			 

			Table 2: Growth performance of ducks that were supplemented with bentonite and illite

			
				
					
					
					
					
					
				
				
					
							Item
							Group
							
							p-value

						
					

					
							Control
							2% bentonite powder
							2% illite powder
					

					
							
							Initial body weight (at day 8, g)

						
							
							200.00±5.77

						
							
							212.33±6.17

						
							
							204.00±4.93

						
							
							0.0570

						
					

					
							
							Final body weight (at day 42, g)

						
							
							3,642.00±36.29

						
							
							3,652.33±27.42

						
							
							3,688.67±19.06

						
							
							0.6271

						
					

					
							
							Weight gain (g)

						
							
							3,442.00±42.00

						
							
							3,440.00±21.39

						
							
							3,484.67±23.96

						
							
							0.4956

						
					

					
							
							Feed intake (days 8 to 42, g)

						
							
							5,917.67±46.69

						
							
							6,005.00±67.64

						
							
							5,991.00±012.29

						
							
							0.7984

						
					

					
							
							Feed conversion (feed: gain, g:g)

						
							
							1.72±0.01b

						
							
							1.75±0.01a

						
							
							1.72±0.01b

						
							
							0.0338

						
					

				
			

			

			a-bMeans with different superscript letters in the same row are significantly different (P<0.05).

			Mean values are expressed as the mean ± SE.

			 

			Table 3: Changes in the pH and total nitrogen of the duck litter after 42 days 

			
				
					
					
					
					
					
				
				
					
							Item
							Group
							
							p-value

						
					

					
							Control
							2% bentonite powder
							2% illite powder
					

					
							
							pH

						
							
							8.44±0.22

						
							
							8.63±0.10

						
							
							8.72±0.08

						
							
							0.7668

						
					

					
							
							Total nitrogen

						
							
							1.41±0.15c

						
							
							1.87±0.07a

						
							
							1.60±0.22b

						
							
							0.0206

						
					

				
			

			

			a-cMeans with different superscript letters in the same row are significantly different (P<0.05).

			Mean values are expressed as the mean ± SE.

			 

			compared with that in the control. This increase acts as a soil improvement additive rather than organic fertilizer because of the basic pH (above 8.5, Table 3) of duck litter. The reason for the total nitrogen increase with natural clay additives (bentonite and illite) was not previously documented, but it could possibly be related to the ammonia binding effect in the duck litter (Karamanlis et al., 2008). For example, it is reported that poultry litter is a valuable fertilizer source that has the potential to supply the organic nutrients needed for optimum crop growth because of its high nitrogen content (Fontenotet et al., 1983). Thus, the ammonia produced in the litter builds up quickly at a pH that is greater than 8 (Delaune et al., 2004). Thus, strategies to decrease the pH and ammonia, or increase the total nitrogen in poultry litter, are the use of litter amendments (alum and aluminum chloride) as acidifying agents (Choi et al., 2011). In other words, the bentonite and illite could prevent the acidification of agents in the duck litter. In conclusion, the results of this study show no beneficial effects from diets supplemented with 2% bentonite or 2% illite, on the growth performance (excluding the feed conversion ratio) of ducks. However, there were beneficial effects regarding the duck litter quality, with the increase in the total nitrogen contents, which can act as a soil improvement additive. 
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INTRODUCTION digestibility and enzymatic activity of gastrointestinal se-
cretion, caused by the addition of bentonite to broiler and
Recently, clay minerals have been evaluated as an im-  pig feedstuffs (Parisini et al., 1999; Alzueta et al., 2002).

portant component of feed additives for improving

the productivity and meat quality of animals (Prasai et al.,
2016). One of the major reasons for these effects is the
increase in the intestinal retention time of the feed, thus,
allowing for increased enzymatic action on the nutrients
(Karmanlis et al., 2008; Pasha et al., 2008). According to
other studies, the order of magnitude for the effects of the
different clay minerals on animal productions were ben-
tonite > illite > kaolinite (Kang et al., 2002). The charac-
teristics of these two natural products (bentonite and illite)
are summarized below.

Bentonite is a clay mineral that has strong colloidal prop-
erties and a high adsorbent capability of heavy metals and
bacteria (Prasai et al., 2016). For animal experiments, sev-
eral studies have shown an improvement in the nutrient

Illite is a non-expanding, clay-sized mineral mixture that
contains phyllosilicate or layered alumino-silicate (Sarker
and Yang, 2010). It has been used as a potential feed ad-
ditive as it improves production and bowel function and
reduces heavy metals in the blood (Mitchell, 1993; Sarker
et al., 2010). For example, illite can increase the growth
performance of Hanwoo calves when supplemented with a
combination of green tea and licorice (Sarker et al., 2010).
In addition, the average daily gain (ADG) in Hanwoo
steers has been improved with the dietary inclusion of illite
(Cho et al., 2001).

In terms of feed additives, the recommended levels of ben-
tonite and illite in feed, for the safety of all animal spe-
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