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					Summary: e objective of the study was to evaluate the effect of fat inclusion on the productive and repro-  

					ductive parameters of sows and their litters as well as the serum concentrations of insulin, glucose, luteinizing  

					hormone (LH) and non-esteriﬁed fatty acids (NEFAs). irty multiparous sows were divided into three groups  

					(n=10) and randomly assigned to treatments T0, T1 and T2, corresponding to gestation and lactation diets with  

					0%, 3.5%, and 7% of fat inclusion, respectively. Blood samples were obtained from the jugular vein the day of  

					weaning and on days 3, 5, and 7 after. e variables recorded were the sow average daily feed intake (ADFI),  

					average daily energy intake (ADEI), body weight loss, litter size, survival rate, and litter average daily gain  

					(ADG), litter weight at birth and weaning and the wean-to-estrus interval (WEI). Analyses were performed  

					using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Fat inclusion improved the ADFI and ADEI of  

					sows, and the piglet ADG. e WEI was reduced by 0.7 days in those sows supplemented with fat compared to  

					the control group. Glucose, LH and insulin levels were not altered between treatments. However, NEFAs levels  

					were higher in those sows consuming diets with no fat added.  

					Keywords: lipids, diets, blood parameters, sow nutrition  

					Resumen: Se evaluó el efecto de la inclusión de grasa sobre parámetros productivos y reproductivos de cerdas, sus camadas y  

					en niveles séricos de insulina, glucosa, hormona luteinizante (LH) y ácidos grasos no esteriﬁcados (NEFAs). Treinta cerdas  

					multíparas fueron divididas en tres grupos (n=10) y asignadas aleatoriamente a los tratamientos T0, T1 y T2 correspondien-  

					tes a dietas de gestación y lactancia con 0, 3.5 y 7% de grasa respectivamente. Se tomaron muestras de sangre de la vena  

					yugular el día del destete y en los días 3, 5 y 7 posteriores. Se registró la ingesta media diaria de alimento (ADFI) y energía  

					(ADEI) de las cerdas, pérdida de peso corporal, tasa de supervivencia y ganancia media diaria de la camada (ADG), peso de  

					la camada al nacimiento y al destete, y el intervalo destete-celo (WEI). Se empleó el procedimiento MIXED de SAS (SAS  

					Inst. Inc., Cary, NC) para el análisis estadístico. La inclusión de grasa mejoró la ADFI, ADEI y la ADG. El WEI en las  

					cerdas suplementadas con grasa disminuyó 0.7 días en comparación con el grupo control. No hubo diferencias en los niveles  

					de glucosa, LH e insulina entre tratamientos, pero los niveles de NEFAs fueron superiores en las cerdas del T0.  

					Palabras claves: lípidos, dietas, parámetros sanguíneos, nutrición de cerdas  

					Introduction  

					Over the last few decades, genetic selection and improvements in management, health, and nutrition have  

					led to signiﬁcant increases in sow productivity (Tokach et al., 2019). Higher productivity has caused sows to  
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					mobilize more body reserves to meet increased energy requirements during gestation and lactation (Walsh et  

					al., 2012). In tropical and subtropical countries, sows are frequently exposed to ambient temperatures higher  

					than the upper critical temperature, which is in the range of 21–22°C (de Bragança & Prunier, 1999). Under  

					these conditions, sows reduce their feed intake in order to decrease heat production from the digestion and  

					metabolism (Liu et al., 2022). is is associated with a reduction of milk production (Black et al., 1993) and,  

					hence, of piglet growth along with a decline of the subsequent reproductive performance of the sow (Einarsson  

					et al., 2008; Hansen, 2009).  

					Adding fat to sow diets during late gestation and lactation is a potential approach to ensure that sows  

					consume sufﬁcient energy mainly in high temperature conditions due to its high energy density and low ca-  

					loric increase associated with its digestion and absorption compared to other commonly used energy sources  

					(Rosero et al., 2012). Many studies have evaluated the effects of fat supplementation on reproductive perfor-  

					mance of sows and growth performance of piglets (Pettigrew & Moser, 1991; Tummaruk et al., 2014). However,  

					the results from these studies are inconsistent, due to diverse factors such as nutritional supplementation,  

					number of parity, farm management and environmental temperatures (Wang et al., 2022).  

					It has been suggested that fat-rich diets may alter intermediary metabolism, and thereby, affect repro-  

					ductive performance through nutritional signals affecting the hypothalamus, pituitary, and/or the reproduc-  

					tive organs. Potential signals linking nutrition and reproduction can be divided into hormones (for example,  

					insulin and LH), growth factors and metabolites such as glucose and NEFAs (van den Brand & Kemp, 2006).  

					Low feed intake and severe body weight loss during lactation are associated with increased levels of blood  

					NEFAs, and although several studies have demonstrated that high plasma NEFA concentrations could reflect  

					the metabolic state of lactating sows (Hultén et al., 2002) the relationship between NEFA and reproduction  

					remains unclear. e effects of glucose at the pituitary level are limited and the results of studies are contra-  

					dictory, probably because its effects are confused with those of insulin (Barb et al., 1991; Koketsu et al.,1996).  

					Several studies have shown that insulin might be an intermediary between nutrition and reproduction, acting  

					at both the hypothalamus-pituitary and ovarian levels. Studies have found correlations between plasma insu-  

					lin concentration and plasma LH pulse frequency during and after lactation in sows. e effect of dietary en-  

					ergy source on plasma insulin concentration is very clear (van der Brand et al., 2000); carbohydrate-rich diets  

					increased plasma insulin concentration more than fat-rich diets, in both non-lactating and lactating pigs  

					(Jones et al., 2002). Comparable results should be expected in lactating sows, but experiments on the effect of  

					fat on blood insulin concentrations in the lactating phase are limited.  

					erefore, the objective of this study was to determine the effect of fat inclusion during late gestation and  

					lactation on reproductive and productive indicators of sows and their offspring, along with serum concentra-  

					tions of glucose, insulin, LH and NEFAs.  

					Materials and methods  

					e procedures described herein were approved by the Ethics and Safety Advisory Committee (CAES) of  

					the Faculty of Veterinary Sciences at the National University of the Litoral (File FCV-0898035-17 - Internal Pro-  

					tocol 404-18).  

					Animal handling, facilities and diets  

					irty sows (Landrace x Yorkshire) with similar weight (205 ± 1.05 kg), health status and parity (2) were  

					selected from the facilities of the National Agricultural Technology Institute at Las Breñas, Chaco, Argentina.  

					and placed in a 300-sows commercial farm located in Concepción del Bermejo, Chaco, Arg. from January 2019  

					to June 2020.  

					From mating to day 110 of gestation, the sows were housed in individual gestation crates (2.20 x 0.65m; con-  

					crete slatted floor) and then moved to the farrowing pens (2.40 x 1.80m; thermoplastic slatted floor, infrared light  

					and heating mat), where they remained until the day of weaning (21 days of lactation). The temperature inside  

					the facilities was manually regulated using curtains and a dripping system. Ambient temperature (°C) and rela-  

					tive humidity (%) were recorded daily using 2 data loggers (Temlog 20H model) strategically located in the gesta-  

					tion and farrowing facilities. The recording frequency was every 1 hour for the entire duration of the experiment.  

					ree groups were formed with an equal number of individuals (n=10) and then randomly assigned to one  

					of the following treatments: T0 (gestation and lactation diets without inclusion of fat), T1 (gestation and lac-  

					tation diets with inclusion of 3.5% fat) and T2 (gestation and lactation diets with inclusion of 7% fat). All diets  

					were formulated to meet or exceed NRC (2012) recommendations. e composition of the experimental diets  

					as well as the fat used (commercial fat derived from vegetable oils) are detailed in Tables 1 and 2, respectively.  

					2

				

			

		

		
			
				
					
				
			

			
				
					Table 1. Composition of experimental diets.  

					T0  

					T1  

					T2  

					Treatments  

					Diets  

					Lact.  

					Lact.  

					Gest.  

					Lact.  

					Gest.  

					Gest.  

					Ingredients  

					39.80  

					50.20  

					-

					Expeller soybean (%)  

					Corn (%)  

					22.50  

					54.50  

					20.00  

					3.00  

					-

					38.50  

					22.80  

					42.70  

					28.00  

					3.00  

					-

					39.30  

					54.20  

					-

					23.20  

					38.80  

					28.00  

					3.00  

					-

					58.50  

					Wheat bran (%)  

					Gestation Premix (%)  

					Lactation Premix (%)  

					Fat (%)  

					-

					-

					-

					-

					3.00  

					7.00  

					3.00  

					-

					3.00  

					3.50  

					-

					3.50  

					7.00  

					Chemical composition  

					92.83  

					20.50  

					3.503  

					1.32  

					Dry matter (%)  

					90.13  

					17.11  

					3.194  

					0.85  

					0.70  

					0.24  

					0.17  

					91.68  

					20.50  

					3.447  

					1.30  

					90.47  

					17.02  

					3.202  

					0.85  

					0.70  

					0.22  

					0.17  

					92.12  

					20.50  

					3.505  

					1.31  

					90.88  

					16.86  

					3.260  

					0.85  

					0.70  

					0.27  

					0.23  

					0.61  

					1.34  

					Crude protein (%)  

					Metabolizable energy (Kcal. /Kg.MS)  

					Lysine (%)  

					1.12  

					Dig. Lysine (%)  

					1.09  

					0.23  

					0.17  

					1.10  

					0.28  

					0.24  

					0.62  

					1.35  

					Dig. Methionine (%)  

					Dig. Tryptophan (%)  

					Dig. Threonine (%)  

					Dig. Arginine (%)  

					Crude ﬁber (%)  

					0.27  

					0.23  

					0.61  

					1.33  

					0.44  

					1.01  

					0.43  

					1.05  

					0.42  

					1.04  

					4.34  

					1.00  

					0.65  

					5.68  

					2.65  

					0.86  

					0.66  

					5.53  

					3.91  

					2.79  

					0.87  

					0.65  

					5.50  

					2.71  

					4.25  

					1.00  

					0.64  

					5.66  

					Calcium (%)  

					0.99  

					0.60  

					5.42  

					0.87  

					0.64  

					5.51  

					Phosphorus (%)  

					Ash (%)  

					Table 2. Chemical composition of fat used  

					Composition  

					3.5  

					Water (%)  

					Gross fat (%)  

					Ash (%)  

					84.0  

					12.6  

					9.0  

					Calcium (%)  

					Fatty acids  

					0.2  

					Myristic acid (C14:0) (%)  

					11.4  

					4.6  

					Palmitic acid (C16:0) (%)  

					Stearic acid (C18:0) (%)  

					Oleic acid (C18:1) (%)  

					Linoleic acid (C18:2) (%)  

					Energy values  

					23.5  

					52.0  

					7.7  

					5.8  

					0.8  

					Gross energy (Mcal. /Kg. MS)  

					Metabolizable energy (Mcal. /Kg. MS)  

					Coefﬁcient of digestibility  

					3

				

			

		

		
			
				
					e T0 gestation diet was offered from the day of mating until day 90 of gestation to all sows and then  

					assigned to each group their corresponding gestation diets (T0, T1 or T2) until day of farrowing. From that day  

					until next mating, sows consumed lactation diets corresponding with their assigned treatment. is mecha-  

					nism was repeated at each subsequent cycle in order to ensure that the sows always received the same treat-  

					ment (diets). e experimental period covered from the 2nd to 4th parity of all sows. Cross-fostering was done  

					the ﬁrst day of lactation after 24 h to allow for colostrum intake from their own mothers and assure the mini-  

					mum difference between litters (±1 piglet).  

					During gestation and up to the day of farrowing sows consumed 2.5 kg/sow/ twice a day (0800 and 1800  

					h). During lactation, food access was ad libitum. All the sows and their litters had free access to water. Feed was  

					offered in a ground ﬁne for the sows and in a micro-pelleted form for the piglets from the day 10 of life. Routine  

					laboratory analysis (chemical composition, and particle size) of the feed and ingredients were carried out once  

					a month at a commercial laboratory. Mycotoxins analyses were carried out every three months.  

					e variables recorded were the sow average daily feed intake (ADFI; only during the lactation due to the  

					restriction on the feed intake in gestation and estimated from the difference between feed offered and feed  

					refused by sows), average daily energy intake (ADEI), body weight loss (calculated by the difference between  

					the weight at weaning and the weight at farrowing), litter size (after cross fostering), survival rate (from birth  

					to weaning), litter average daily gain (ADG), litter weight at birth and litter weight at weaning.  

					In order to calculate the wean-to-estrus interval (WEI, monitored daily three times per day, by using boar  

					stimuli) the beginning of the estrus period was characterized as the midpoint between the time of the first ob-  

					served positive response to back pressure (immobilization reflex) and the previous period of estrus detection.  

					Blood Samples and Assays  

					On the day of weaning and on days 3, 5 and 7 post-weaning, 5ml blood samples were collected from sows  

					by jugular venipuncture using a 18G x 2 (50/12) hypodermic needle. All samples were taken -15 and 60 min  

					relative to the ﬁrst morning meal. Blood samples were collected in ice-cooled polypropylene tubes, placed on  

					ice immediately after collection, and centrifuged at 2,000 × g for 10 min. Serum samples were stored at −20°C  

					until analysis in a commercial laboratory (Mega Laboratory S.A., Rafaela, Santa Fe, Arg.)  

					Serum samples taken at −15 and 60 min relative to the morning feeding on day of weaning and on days 3,  

					5 and 7 post-weaning were analyzed for glucose (enzymatic hexokinase UV) and insulin (electrochemilumines-  

					cence). For non-esteriﬁed fatty acids and luteinizing hormone concentrations, serum samples taken 60 min  

					relative to the morning feed on day of weaning and days 3, 5 and 7 post-weaning were analyzed using an enzy-  

					matic method and electrochemiluminescence method, respectively.  

					Statistical analyses  

					e experiment was designed as a completely randomized design with repeated measures in time. All data  

					were statistically analyzed using the PROC MIXED procedure (SAS Inst. Inc., Cary, NC). Data are reported as  

					least squares means and are considered signiﬁcant if p < 0.05. e treatments (diets) were the main effect and  

					the individual sow and its litter were considered as the experimental unit. Statistical model included dietary  

					fat levels, parity and all their interactions. Ambient temperature was considered as a covariate.An autoregressive  

					covariance structure (AR1) was applied with parity as the repeated effect in order to avoid serial correlation.  

					Results  

					Sow and litter performance  

					Based on the results obtained from the evaluated parameters (Table 3), body weight at farrowing and at  

					weaning were similar in the control sows and in those whose rations were added with fat (p > 0.05), but the  

					average intake daily feed (p < 0.05) and average daily energy intake (p < 0.05) were signiﬁcantly greater than  

					the control group (p < 0.05), as was the weaning-to-estrus interval (p < 0.05). Litter size and birth weight were  

					similar between treatments (p > 0.05), but the average daily gain of litters of sows fed diets with added fat was  

					greater (p < 0.05). When comparing the weight of the litters at weaning, it was higher in litters whose rations  

					were added with 7% fat (p < 0.05). No signiﬁcant differences were found in litter size at weaning or in the  

					survival rate between treatments (Table 3).  

					4

				

			

		

		
			
				
					
				
			

			
				
					Table 3. Effects of the treatments on sow and litter performance.  

					Treatments  

					Item  

					p-value  

					0.547  

					0.478  

					0.195  

					T1  

					T2  

					SEMa  

					2.24  

					T0  

					BWb at farrowing, (kg)  

					252.80  

					225.60  

					-27.20  

					4.30a  

					14.82a  

					14.80  

					1.18  

					253.50  

					226.90  

					-26.60  

					6.00b  

					21.03b  

					14.60  

					1.21  

					252.00  

					224.20  

					-27.80  

					6.90c  

					24.17c  

					14.80  

					1.20  

					BW at weaning (kg)  

					BW change (kg)  

					ADFIc (kg)  

					2.56  

					0.42  

					0.95  

					0.50  

					1.16  

					0.041  

					0.032  

					0.638  

					0.732  

					0.025  

					ADEId (Mcal/d)  

					Litter size  

					Litter weight at birth  

					WEIe (days)  

					0.12  

					0.16  

					5.80a  

					5.77a  

					5.10b  

					Litter  

					Litter size at weaning  

					Litter weight at weaning  

					Survival rate (%)  

					ADGf (kg/d)  

					0.070  

					0.041  

					0.112  

					0.037  

					12.30  

					4.96a  

					83.10  

					0.18a  

					12.50  

					5.20a  

					85.60  

					0.19a  

					12.70  

					5.82b  

					85.80  

					0.22b  

					0.10  

					0.28  

					1.02  

					0.06  

					a SEM=standard error of the mean; b Body weight; c Average daily feed intake; d Average  

					daily energy intake; e Wean-to-estrus interval; f Average daily gain; Means with different  

					superscripts differ at p < 0.05.  

					Hormones and plasma metabolites  

					Fat inclusion in sow’s diets had no effect on serum levels of insulin and glucose (Table 4; p > 0.05). However,  

					serum NEFA levels were signiﬁcantly lower (p < 0.05) when dietary fat was added (Figure 1). No differences  

					were detected (p > 0.05) on serum levels of luteinizing hormone among treatments (Figure 2).  

					Table 4. Effects of the treatments on serum levels of insulin and glucosa.  

					Treatments  

					Item  

					SEMe  

					p-value  

					T1  

					T2  

					T0  

					Insulin (uU/ml)  

					0.96a  

					1.15b  

					0.89a  

					1.02b  

					1.04a  

					1.20b  

					0.22  

					0.15  

					pre-prandial (-15min)f  

					post-prandial (+60min)g  

					Glucose (g/l)  

					0.321  

					0.078  

					0.45c  

					0.50d  

					0.34c  

					0.39d  

					0.40c  

					0.41d  

					0.09  

					0.08  

					0.094  

					0.100  

					pre-prandial (-15min)  

					post-prandial (+60min)  

					e SEM= standard error of the mean; f,g Relatives to the ﬁrst morning meal; In the same row,  

					means with different superscripts differ at p < 0.05.  

					5

				

			

		

		
			
				
					
				
			

			
				
					Figure1. Effects of the treatments on serum non-esterified fatty acids levels. Bars with differentletters (a;b) differ at p < 0.05.  

					Figure 2. Effects of the treatments on serum luteinizing hormone levels. Bars with same letters do not differ at p < 0.05.  

					Discussion  

					Fat is used commonly as a supplemental ingredient in swine diets. From a nutritional perspective, fat is a  

					highly concentrated source of energy, providing essential fatty acids to the animal organism, and has a lower  

					heat increment associated with digestion and metabolism than carbohydrates, ﬁber, or protein (Rosero et al.,  

					2012). Consequently, studies have shown a higher animal performance when fat was added to diets, especially  

					under heat stress conditions (Cho & Kim, 2012; Li et al., 2019; Pettigrew, 1981). In this study, average ambient  

					temperature was 26,5°C, which is higher than the upper critical temperature for sows (21-22°C) and the maxi-  

					mum temperature recorded was 43.2°C which is a very common situation in the swine production systems  

					from the subtropical region of Argentina.  

					When we took into consideration only studies performed under termoneutral condition so fat inclusion  

					did not alter or even decreased ADFI and ADEI (Neal et al., 1999; Quiniou et al., 2008; Shurson et al., 1986), but  

					in this study fat inclusion increased signiﬁcantly the ADFI and the ADEI. is may be due to the fact that under  

					tropical conditions dietary fat addition increases ADFI and consequently the ADEI (Christon et al., 1999; Rosero  

					et al., 2012; Schoenherr et al., 1989). Mean ambient temperature during the experiment was 26.5°C (max: 43.2°C;  

					min: -3.8°C) and a HR of 66.5%.  

					is difference on the response of the fat supplementation according to the ambient temperature could be  

					related with metabolism of satiety hormones released by the gastrointestinal tract. In the pig, those hormones  

					6

				

			

		

		
			
				
					are mainly cholecystokinin, glucagon like peptide-1, peptide tyrosine tyrosine and ghrelin (Steinert et al., 2013).  

					A high-fat meal can effectively induce secretion of these satiety hormones compared to high-starch diets  

					(Seimon et al., 2009).  

					Another factor involved could be the molecular structure of fatty acids. Carbon chain length and saturation  

					of fatty acids impacts the effect of dietary fat on appetite and releasing of satiety hormones (Kaviani & Cooper,  

					2017). Fatty acids with longer carbon chain lengths had stronger effects on stimulation of appetite compared  

					to shorter chain lengths of carbons. Hormones involved in regulation of feed intake integrate with plasma  

					glucose, insulin, intestinal osmolality and enteric neurons to maintain a balance of energy intake (Cummings  

					& Overduin, 2007).  

					But even taking all this into consideration, there were not enough observations to analyze how the addi-  

					tional fat intake affects changes on feed consumption in sows at tropical environment. Higher sow´s feed in-  

					take under high temperature conditions may be due to a lower heat increment of fat compared to other  

					nutrients (Wang et al., 2022).  

					Other researchers demonstrated that sows fed with fat supplemented diet had higher piglet survival rate  

					and shorter postweaning interval to estrus than those sows fed with diets that relied on starch as an energy  

					source (Cox et al., 1983; Quiniou et al., 2008). In the present study, fat addition shortened the wean-to-estrus  

					interval but did not change losses of body weight from weaning to farrowing.  

					Two theories exist to explain the relationship between energy balance and reproduction. e ﬁrst theory,  

					known as the metabolic fuel hypothesis, suggests that nutrient molecules and metabolites can be oxidized and  

					serve as sensory stimuli for the reproductive axis's responses (Schneider, 2004). e second theory proposes  

					that fat has a stimulating effect on estrogen production and sex hormone binding globulin. By supplementing  

					fat, the production of estrogen and sex hormone binding globulin is enhanced, thereby increasing the sensi-  

					tivity of the hypothalamic-pituitary-ovarian axis (Mikhael et al., 2019). Maintaining reproductive function re-  

					quires a certain level of adiposity. Consequently, fat serves a dual purpose as a metabolic fuel and as a means  

					of preserving adipose tissue, thereby regulating reproductive functions.  

					Although fat content of the colostrum was not a measured parameter in the present study, other authors  

					has shown the correlation between a higher calostral fat content when fat was added in sow’s diets (Farmer,  

					2019; Ma et al., 2020). We found that the addition of fat did not have a signiﬁcant impact on piglet survival  

					rates. In a review of studies conducted between 1974 and 1979, Pettigrew & Moser (1981) observed that adding  

					fat to sow diets improved piglet survival rates in herds with rates below 80%. However, when the piglet survival  

					rate exceeded 80%, fat supplementation had minimal effect on improving the rate. Over the past two to three  

					decades since Pettigrew & Moser's report in 1991, there have been significant genetic advancements in sow selec-  

					tion, as well as substantial improvements in pig farm facilities and management practices. With such high sur-  

					vival rates, sows did not respond significantly to dietary fat, indicating that the survival rate was unaffected.  

					In contemporary times, enhanced sow reproductive capacity leads to larger litters, but it also raises the  

					proportion of piglets born with reduced body weights. Incorporating fat into sow diets does not alter the total  

					weight of the litter at birth, nor does it affect the number of live piglets per litter. On the other hand, an in-  

					creased ADG was observed in this study and consequently a higher weight at weaning was observed. In ter-  

					moneutral conditions ADG tends to remain unaltered by fat supplementation, but this situation changes when  

					sows were under high ambient temperatures (Christon et al., 2005; Neal et al., 1999; Wang et al., 2022).  

					In recent decades, signiﬁcant focus has been placed on understanding the nutritional signals that impact  

					the hypothalamus, pituitary gland, and reproductive organs. ese signals linking nutrition and reproduction  

					can be categorized into hormones (such as insulin, leptin, growth hormone, thyroxine, triiodothyronine and  

					glucocorticoids), growth factors (including IGF-1 and IGF-II), and metabolites (such as glucose, NEFA, BHBA,  

					and urea). Numerous authors have examined these intermediates and their associations with reproduction  

					(Barb et al., 2001; Cosgrove & Foxcroft, 1996; Prunier & Quesnel, 2000).  

					In our study, we focused on insulin, glucose, luteinizing hormone and non-esteriﬁed fatty acids as nutri-  

					tional signals. However, only NEFA serum levels were different between treatments. Sows fed diets with no fat  

					added had the higher serum concentrations of NEFA. is is similar to results from studies on the effect of  

					dietary energy source and plasma levels (Jones et al., 2002; Tilton et al., 1999). Carbohydrate-rich diets likely  

					contribute to a decrease in the rise of plasma NEFA concentration during lactation. is effect is achieved by  

					potentially limiting the availability of dietary fat and reducing the utilization of stored body fat. Although non-  

					signiﬁcant, other studies (Paterson & Pearce, 1994; Tokach et al., 1992) reported higher plasma NEFA levels in  

					sows with a prolonged WEI compared to sows with a short WEI. is may be attributed to the weak negative  

					correlation between plasma NEFA concentration and the number of luteinizing hormone pulses in the blood.  

					7

				

			

		

		
			
				
					Studies that shows a strong relationship between dietary energy source and plasma levels of insulin and  

					glucose were performed in termoneutral conditions (Park et al., 2009; van den Brand et al., 2000). is is an  

					important factor to be taken into account since most recent studies have reported an alter metabolism of in-  

					sulin and glucose when the animals are under heat stress (Baumgard & Rhoads, 2013; Ross et al., 2017; Seibert  

					et al., 2018). Although, the physiological mechanisms behind insulin levels and reproduction performance of  

					pigs under heat stress remains unclear, it has been reported that high ambient temperatures negatively affect  

					intracellular signaling pathways essential for successful reproductive function.  

					Fat supplementation during late gestation and lactation improved the ADFI and ADEI of sows, but no  

					clear beneﬁts were observed for BW change from weaning to farrowing, litter size and litter weight at birth.  

					However, addition of fat improved subsequent reproductive performance by shortened the WEI. Moreover,  

					supplementation of fat improved the ADG and the weight at weaning of the litter, but no differences were  

					found for the survival rate. In the present study, no differences of serum levels of insulin, glucose and LH were  

					observed but NEFA serum levels were higher in sows fed diets with no fat added.  
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