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				ABSTRACT: The objective of the present study was to evaluate the pecan shelling by-product (PSB) grindings as partial replacement for corn in swine diets and its exerting effect on sows’ performance. Seventeen pregnant sows (210 kg of initial body weight) were used in a 14-d trial to evaluate the effect of partial replacement of corn with PSB on performance, dietary energetics, and safety. Treatments consisted of corn-soybean meal-based diet containing 0 or 10% of PSB in the diet, where the later replaced 0 or 16% of corn (as-fed basis). Ether extract (EE) content on PSB averaged 185 g/kg. Treatments including PSB had 1.9 times the EE compared to the treatment with only corn-soybean meal. Replacement of 16% of corn with PSB increased the estimated digestible (DE) and metabolizable energy (ME) values of the diet by 218 and 230 kcal/kg compared to control diet (90% DM basis), respectively. The higher predicted DE or ME intake for sow fed on PSB diet were 500 or 529 kcal/day compared to control diet, respectively; however, no differences on average daily gain (0.52 kg/d) between dietary treatments were observed. Neither was feed refusal for any dietary treatment nor difference on finishing their respective feed allowance. Sows consumed pecan shell at level of 0.75 g/kg of body weight daily, approximately. Intestinal activity was not affected by PSB consumption and fecal score averaged 3.0. Partial replacement of corn with PSB increased the estimated DE and ME for gestating diets by 7%, without influencing performance and intestinal function. The pecan shelling by-product supplementation at 10% inclusion level into a corn-soybean meal-based diet does not affect performance and its addition to the diet contributes to a more sustainable use of locally available feedstock in swine feeding.
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	INTRODUCTION  

	 

	Food production from livestock systems demands considerable resources such as land, water, and fuel. Additionally, this industry emits industrial contaminants that have long term ramifications unless actions are taken (Grossi et al., 2019). Livestock feeding accounts for roughly over 60 to 70% of total animal production cost (Zijlstra and Beltranena, 2013; Pomar and Remus, 2019) and rely heavily on commodities such as soybean and corn that are produced far from feeding operations (Wilfart et al., 2016, Mendes dos Reis et al., 2020). This has been the case over the last half century, as corn-soybean meal-based swine diet formulations promote better performance for growing and mature pigs compared to other cereal grains (Stein et al., 2016). The feed, food and fuel industry compete for corn which can jeopardize food security and social stability; this is especially important to Mexico where corn is a staple food (O’leary, 2016). Therefore, it is important to look for alternative feedstocks to reduce dependency on corn in feed formulations (Muscat et al., 2020). Across the world, local agro-food-industries generate several by-products that can be used in swine feeding (Zijlstra and Beltranena, 2013). The pecan shelling industry in northern Mexico generates by-products such as pecan shelling by-product grindings (PSB; “polvillo de nuez”) which is rich in fat and polyphenol content (De la Rosa et al., 2011). The PSB chemical composition varies widely (Flores-Córdova, et al., 2016) which might be attributed to its parent feedstock composition variability and further amplified by processing related factors (Zijlstra and Beltranena, 2009). At present, PSB remains underutilized as a feedstock for animal feeding. A major research area is developing to evaluate its polyphenol components for biomedical purposes (Flores-Estrada et al., 2020). Based on its proximate components, the inclusion of PSB into swine diet formulations is expected to be comparable to the nutritional value of the replaced corn. Additionally, the inclusion of PSB in swine diets is expected to have a positive impact on feed and environmental cost. However, the suitability of PSB for swine diets is unknown. Hence, the objective of the present study was to evaluate the PSB as partial replacement for corn in swine diets and its exerting effect on sows’ performance. 

	MATERIAL AND METHODS

	 

	Animal handling, housing, and feeding 

	Seventeen pregnant sows (five gilts and twelve sows; York  Landrace  Duroc) were used to evaluate the effect of partial replacement of corn by pecan shelling by-product grindings (PSB) on sows’ performance during midgestation (from d 53 to 67). Gilts were supplemented with altrenogest (Virbagest®, Virbac Mexico, S.A de C.V.) for oestrous synchronization and artificially inseminated with at least two doses of a semen of mature boar of proven fertility. Sows were bred using artificial insemination following oestrus detection after weaning. After pregnancy diagnosis, sows and gilts were randomly assigned to one of two dietary treatments. Sows were not re-grouped and kept in their same pen of origin (3 to 5 sows) to prevent changes in social ranking within each group. The sows used in this trial were cared for in accordance with the guidelines established in the Official Mexican Regulations on Animal Care (NOM-062-ZOO-1999, 2001). Experimental diets were based on corn-soybean meal supplemented with vitamins and minerals and formulated to meet or exceed nutrient requirements of pregnant sows (NRC, 2012). Dietary treatments (Table 1) were as follows: T1; corn-soybean meal diet (CTL) and T2; corn-soybean meal diet containing 10% of PSB, where the later replaced 16% of corn (as-fed basis). Pens were 54 m2 with 36 m2 overhead shade, nipple drinker, and 5 m concrete feeder bunk. Sows were fed 2.3 kg per sow once a day in the mornings (0800 h) and were allowed free access to drinking water. Initial and final body weights (BW) were recorded to calculate the average daily gain (ADG). Including a non-conventional feedstock into the diet can generate unintended consequences on intestinal activity such a diarrhea or constipation, thus every morning fecal score was monitored by pen for the whole period. Fecal score ranged from zero to five: 0, total absence of feces; 1, dry and hard; 2, between dry and soft; 3, soft but still formed; 4, soft and wet; 5, liquid feces (Oliviero et al., 2010).

	 

	Sample analysis and Estimation of dietary energy

	Pecan shelling by-product and feed samples were subject all or in part to the following analysis: DM (oven drying at 105 ºC until no further weigh lost; method 930.15; AOAC, 2000), ash (method 942.05, AOAC, 2000), Kjeldahl N (method 984.13, AOAC, 2000); crude fiber (method Ba 6a-05; AOCS, 2005) and ether extract (Thiex et al., 2003). Dietary digestible and metabolizable energy values were estimated using the values of dietary proximal components fed on prediction equation for growing pigs (Noblet and Perez, 1993), and subsequently the intermediate results were applied into a second prediction equation for sows (Noblet and Shi, 1993). 

	 

	Statistical design and analysis

	The data from this trial was analyzed as a randomized block design experiment using PROC GLM procedure (SAS Inst. Inc., Cary NC; Version 9.1), considering parity for blocks, and sows as experimental unit according to the following statistical model: Yij= +i + Tj + Eij  

	Where  is the common experimental effect; i represents parity; Ti represents the dietary treatment effect; Eij represents the residual error. Treatments effects were evaluated by means of t-test.

	 

	RESULTS AND DISCUSSION

	 

	Dietary nutrient content of pecan shelling by-product grindings 

	The pecan shelling industry’s main product is half pecan kernels of different grading, but the industry also generates by-products such as shell and pecan shelling by-product grindings. The average PSB is composed of shattered pecan kernel pieces in combination with shelling grindings which are rich in fatty acids (Sevimli-Gur et al., 2021) and polyphenol content (De la Rosa et al., 2011), respectively. As expected, the analyzed ether extract (EE) content on PSB was high, averaging 185 g/kg (Table 2); the EE value of PSB was five times higher than that of tabulated fat values on replaced corn (as-fed basis; NRC 2012). It is well known that pecan fat and polyphenol content is highly variable, which is influenced by production year (Flores-Córdova et al., 2016), place of origin (De la Rosa et al., 2011), and cultivar (Cason et al., 2021). In this regard, the estimation of nutrient content on by-products such as PSB might be challenging and make it difficult to predict its influence on animal performance. In fact, the inclusion of PSB on backyard pig’s diets led to unsuccessful animal performance. The basis of this is not certain, but the uncontrolled level of inclusion of this feedstock into the pig’s diets plays a major role. The fat component in pecan nut contains roughly 65, 27, and 7% of monounsaturated, polyunsaturated, and saturated fatty acids, respectively (Rivera-Rangel et al., 2018). The consumption of residual fat in PSB seems energetically and metabolically important to improve sow´s performance on her current pregnancy (Metzler-Zebeli, 2021). However, polyphenols are considered “antinutritional factors” which influence feed palatability (Windisch et al., 2008; Huang et al., 2018; Caprarulo et al., 2021) and nutrient digestibility (Bravo, 1998). Conversely, it also exerts antiparasitic, antimicrobial and antioxidant activity (Huang et al., 2018). The high content of bioactive compounds with antimicrobial activity in PSB (Cason et al., 2021) leads us to assume that this is a suitable feedstock to replace conventional growth promotion additives in swine production (Huang et al., 2018; Flores-Estrada et al., 2020; Cason et al., 2021). Likewise, the antioxidant activity of polyphenols can help to counteract the reactive oxygen species (ROS) production during periods of stress (Flores-estrada et al., 2020), a common condition for sows reared under intense animal production setting (Agyekum and Nyachoti, 2017).

	
		
				Table 1 - Ingredients and composition of experimental diets fed to gestating sows as is.

		

		
				 Item

				Control

				PSB, 10%

		

		
				Corn

				61.5

				51.5

		

		
				Soybean meal

				10.0

				10.0

		

		
				Wheat bran

				24.0

				24.0

		

		
				Pecan shelling by-product grindings 

				0.0

				10.0

		

		
				Canola oil

				1.5

				1.5

		

		
				Feed supplement

				3.0

				3.0

		

		
				 

				100.0

				100.0

		

		
				Analyzed composition

				 

				 

		

		
				Dry matter

				91.4

				92.5

		

		
				Crude Protein

				15.7

				16.3

		

		
				Crude fiber

				6.5

				5.7

		

		
				Ether extract

				4.3

				8.3

		

		
				Ash

				6.3

				6.4

		

		
				Estimated dietary energy

				 

				 

		

		
				Digestible energy, kcal.kg-1

				3334

				3552

		

		
				Metabolizable energy, kcal.kg-1

				3110

				3340

		

		
				PSB = Pecan shelling by-product

		

	

	 

	
		
				Table 2 – Proximate composition of pecan shelling by-product grindings (g.kg-1 as-fed basis).

		

		
				Item

				N

				Mean

				SD

		

		
				Dry matter

				3

				929.6

				6.9

		

		
				Crude protein

				2

				178.0

				1.4

		

		
				Crude fiber

				1

				230.1

				-

		

		
				Ether extract

				2

				184.8

				6.2

		

		
				Ash

				3

				16.6

				0.4

		

	

	 

	Estimated dietary energetics on gestating diets

	All nutrients are equally important for swine diet formulation; however amino acids, phosphorus, and energy are considered the most expensive components in swine diet formulations (Noblet and Perez, 1993; Velayudhan et al., 2015; Stein et al., 2016). In this regard, underutilized feedstock such as a good quality PSB could be a valuable non-conventional feed ingredient for swine diet formulations; this is especially true under the forecasted energetic conventional feedstuffs shortage (Velayudhan et al., 2015). Based on its proximate components, the estimated digestible energy (DE) values of dietary treatments were 3334 and 3552 kcal/kg (90% DM basis) for control and PSB supplemented diet, respectively (Table 1; Noblet and Perez, 1993; Noblet and Shi, 1993). Similarly, the estimated metabolizable energy (ME) values for control and PSB supplemented diet were 3110 and 3340 kcal/kg (90% DM basis), respectively (Noblet and Perez, 1993; Noblet and Shi, 1993). The higher EE content in PSB increased corresponding EE content in the tested dietary treatment, which was 1.9 times higher than that in control diet. However, the corresponding estimated dietary DE and ME on the PSB supplemented diet was just 7% higher compared to the control diet in both cases. The basis of this is not certain. As dietary EE content increases, its digestibility improves until fat content is greater than 80 g/kg of DM (Noblet and Shi, 1993) as in this case (89 g/kg of DM) which limits dietary energy utilization by the sow. One way to solve this issue could be to reduce or remove total supplemental vegetable oil in the diet itself to increase fat digestion from PSB which would reduce the feed cost even further.

	 

	Non-conventional feedstock dietary supplementation on sows’ performance

	Local agro-industrial by-products from fruits and vegetable processing around the world are gaining interest as an environmentally friendly strategy for animal feeding (Correddu et al., 2020). The aim is to reduce dependency on commodities shipped long distances to reduce carbon footprint of transportation (De Quelen, et al., 2021). Commodities such as corn and soybean meal have a substantial influence on cost of diet formulations even at levels of inclusion as low as 10% (Wilfart et al., 2016). In close agreement with the estimated dietary DE or ME values on dietary treatments, average daily gain in sows was not different between treatment groups, which averaged 0.52 kg/d (Table 3). This is within normal range values for sows reared under similar conditions (Deng et al., 2021). However, sows on the PSB treatment had numerically greater average daily gain (29%) compared to those on the control diet. The last is consistent with the slight improvements on DE and ME on the PSB supplemented diet. The high variation on ADG within groups is ascribed to the difference in feed intake. This is the result of hierarchical system within each group of pigs where low-ranking sows are in disadvantage compared to high-ranking sows at feeding time (Bench et al., 2013). Group housing gestating sows aimed to improve sows´ welfare (Norring et al., 2018). With legislation moving away from the use of stalls (Greenwood et al., 2014), figuring out how to feed sows on forecasted production scenarios is important (Deng et al., 2019).

	 

	
		
				Table 3 - Treatment effects on performance of gestating sows.

		

		
				                                                     Experimental groups 
Response variable

				Control

				PSB, 10%

				SEM

				P-Value

		

		
				Body weight at 53 d of gestation, kg

				210.9

				210.4

				8.742

				>0.10

		

		
				Body weight at 67 d of gestation, kg

				217.2

				218.6

				8.669

				>0.10

		

		
				Average daily gain, kg

				0.45

				0.58

				0.162

				>0.10

		

		
				Fecal score

				3.0

				2.9

				0.035

				>0.10

		

		
				PSB 10% = Dietary treatment supplemented with 10% pecan shelling by-product

		

	

	 

	General safety assessment of pecan shelling by-product fed on swine

	As a non-conventional feedstock, PSB presents some challenges that need to be addressed to safely recommend its inclusion in feed formulations. The safety assessment starts by completing a comparative evaluation of candidate feedstock (pecan shelling by-product; PSB) with a comparable feed (corn) that has a known history of safe use in animal feeding (Glenn, 2008). As described, there were no issues on sows’ performance when they were fed a PSB supplemented diet. Gestating sows are fed to meet or exceed their nutritional requirements but not to the point of meeting satiety (Greenwood et al., 2019). In this management system, gestating sows are less selective of unpalatable feed (Agyekum and Nyachoti, 2017). In this trial, sows fed the PSB supplemented diet did not show any refusal from their feed allowance, even when the tested diet was high on polyphenol content. No differences (P>0.05) were observed between treatment groups for time spent eating. Conversely, lactating sows fed ad libitum took longer to finish their feed allowance when PSB was included at levels as low as 2.5% of the diet (as-fed basis; unpublished data). Constipation is a recurrent problem in sows which is influenced by level of feed and water intake, diet composition and their interactions between them with the intestinal microbiota (Pearodwong et al., 2016). Unattended constipation can lead to poor performance around farrowing and during lactation (Oliviero et al., 2010). Fecal score was not different between treatment groups which averaged 2.9 and 3.0 for PSB supplemented and control diet, respectively. Based on average feed intake and PSB composition, sows consumed approximately 0.75 g/kg of BW of pecan shell which corresponded to 14% of pecan shell supplemented to rats where the maximum safe consumption recommendation for humans came from (Dolan et al., 2016). 

	 

	CONCLUSIONS

	 

	Partial replacement of corn with pecan shelling by-product grindings increased the estimated DE and ME for gestating diet by 7%; however, it did not influence sows’ performance at mid-gestation period. Based on the estimated dietary energetics, the PSB energy value seems to be comparable to that of corn for mature pigs. Furthermore, no clinical signs of health problems were seen during the trail. In agreement with sows’ performance, estimated dietary energetics, and corn use reduction (16%), PSB can be included into sows’ diet at the 10% level when replacing corn. This feeding strategy can contribute to the sustainable use of locally available feedstock in swine feeding, without affecting their productive performance.
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