
 

 

ABSTRACT 

ROSERO, DAVID. Response of the Modern Lactating Sow to Source and Level of 

Supplemental Dietary Fat during High Ambient Temperatures. (Under the direction of Dr. E. 

van Heugten). 

 

 The modern sow requires a large amount of energy to support the progeny during 

lactation. Caloric intake may be limited when sows become heat stressed during high 

ambient temperatures. Thus, the objective of the first experiment was to determine the impact 

of supplemental dietary fat on feed and energy intake and sow and litter performance. Data 

were collected from 337 sows (PIC Camborough line) from July to September 2009, in a 

2,600-sow commercial unit in Oklahoma. Diets were corn-soybean meal based with 7.5% 

dried distillers grains with solubles and 6.0% wheat middlings and contained 3.24 g 

standardized ileal digestible lysine/Mcal ME. Animal-vegetable blend (A-V) was 

supplemented at either 0, 2, 4, or 6%. Sows were balanced by parity, with 113, 109, and 115 

sows representing parity 1, 2, and 3 to 7 (P3+), respectively. Feed disappearance and 

apparent caloric intake increased (P<0.05) with increasing A-V blend. Gain:feed ratio (sow 

and litter gain relative to feed intake) was negatively affected (P<0.05) with A-V blend 

inclusion. Sows bred within 8 d after weaning, conception and farrowing rates were 

improved (P<0.001) by additional A-V, but wean to breeding interval was not affected. Thus, 

the use of supplemental fat was important as a source of energy for sows, but slight 

improvements were obtained as a result of inclusion.  

 Perhaps, the nutritional value of A-V blend was related with its quality. Thus, the 

objective of the second experiment was to determine the response to increments of two 

sources of dietary fat on sow and progeny performance during high ambient temperatures. 



 

 

Data were collected from 391 sows from June to September 2010. Sows were assigned 

randomly to a 2 x 3 factorial arrangement and a control diet without added fat. Factors 

included: 1) fat sources: animal-vegetable blend (A-V blend; 14.5% FFA, IV = 89, peroxide 

value: initial = 4.2, 4 hr AOM= 102, and 24 hr AOM= 140 mep/kg and anisidine value = 23) 

and choice white grease (CWG; 3.7% FFA, IV = 62, peroxide value: initial = 9.8, 4 hr AOM 

= 34, and 24 hr AOM= 228 mep/kg and anisidine value = 5) and 2) fat level (2, 4 and 6%). 

Diets were corn-soybean meal based with 8.0% dried distillers grains with solubles and 6.0% 

wheat middlings, and contained 3.56 g standardized ileal digestible lysine/Mcal ME. Sows 

were balanced by parity, with 192, and 199 sows representing parity 1, and 3 to 5 (P3+), 

respectively. Feed and caloric intake increased (P<0.05) with addition of A-V blend and 

CWG. Sows fed CWG diets reduced (P<0.05) BW lost during lactation. Litter growth rate 

was not affected by additional fat. Addition of CWG (P<0.05) but no A-V blend improved 

Gain:Feed ratio. Addition of A-V blend and CWG both improved (P<0.001) conception and 

farrowing rates and subsequent litter size compared to the control diet.  

In conclusion, feed and caloric intake increased with the addition of fat. However, the 

efficiency of feed utilization was improved only with the addition of CWG, which may be 

related with a higher quality of the source. Perhaps the presence of higher amounts of 

aldehydes (quantified by anisidine value) in A-V blend compromised the response of the 

lactating sow. Furthermore, addition of either source of fat improved the subsequent 

reproductive performance and litter size.  
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CHAPTER I:  

Literature review 

 

 

Introduction 

The modern lactating sow requires a large amount of energy to support her progeny 

because milk production has a high priority (NRC, 1988). More than 80% of the caloric 

intake by the sow is utilized for lactation purposes (Boyd and Kensinger, 1998). Limitation 

of feed intake is challenging for the sow, resulting in the mobilization of body reserves to 

replace the nutrient deficiency. Such reduction in feed intake is prevalent during high 

ambient temperatures when sows become heat stressed (Pettigrew and Moser, 1991; Black et 

al., 1993).  

Special attention has been given to dietary fat as an energy source because it has a 

lower heat increment associated with digestion and metabolism (Hillcoat and Annison, 1974; 

Schoenherr et al., 1986). Thus, use of dietary fat becomes important especially when sows 

are experiencing heat stress (Noblet et al., 1993; Black et al., 1993). For instance, O’Grady et 

al. (1985) reported that metabolic energy intake increased with supplemental fat fed to 

lactating sows, in spite of feed intake limitations due to external factors such as high 

temperatures.  

Diverse fat sources are available to use in livestock. Fats differ in their quality and, 

therefore, in the nutritional value for the animal. The quality of the fat is related to its 

degradation, such as hydrolysis and oxidation (Wiseman, 1986; O’Brien, 2009). In the 

presence of water, triglycerides are broken down into free fatty acids. The presence of large 

amounts of free fatty acids imparts considerable negative influence on the digestible energy 
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of fats in growing pigs (Powles et al., 1994). Subproducts of fat oxidation such as 

hydroperoxides, aldehydes, ketones, and others do not have any nutritional value and in large 

amounts seem to be toxic (Addis, 1984). Thus, the nutritional value of the supplemental 

dietary fat for lactating sows depends on the quality of the fat source. 

Therefore, limited caloric intake by the modern lactating sow may be compensated by 

the use of supplemental dietary fat, but quality of the fat source may compromise the sow 

response. 

 

Importance of nutrition for the modern lactating sow 

Genetics and productive improvements in swine have resulted in a modern prolific 

female with higher litter size and increased milk production but with less body fat reserves 

and lower appetite (Hermesch et al., 2008). An elite modern lactating sow produces more 

than 13 kg milk/d, which is much higher than a standard sow in the past, producing about 7.5 

kg/d (Boyd et al., 2000). Such increases demand higher nutrient intake, which was observed 

to be 14% higher than the NRC (1998) recommendations (Ball et al., 2008). 

The consumption of optimal nutrient levels becomes particularly important in 

lactating females. However, limitations of feed intake are observed when females are 

exposed to high ambient temperatures (Messias de Braganca et al., 1998; Quiniou and 

Noblet, 1999) because they become heat stressed.  

The lactating sow will mobilize nutrients from the body if there is a limitation in feed 

intake, because milk production has a priority (Pettigrew and Moser, 1991). Sow body loss 

corresponds mainly to lean and fat tissues (Noblet et al., 1998). Excessive loss of lean and fat 
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will compromise the subsequent reproductive performance (Tritton et al., 1996). King (1987) 

found a close correlation (r
2
=0.63) between lean loss and wean to estrus interval. Hughes 

(1993) on the other hand suggested a minimum of 10 mm in the back fat thickness for sows 

at weaning in order to avoid reproductive issues.  

Thus, meeting the optimal nutrient intake level during lactation is highly important, 

not only for lactation performance but also to avoid reproductive issues in the subsequent 

cycle.  

 

Heat Stress in lactating sows 

The thermoneutral zone of lactating sows has been suggested to range between 12 to 

22°C (Black et al., 1993). Sows exposed to temperatures above the evaporative critical 

temperature (ECT, 22°C) become heat stressed resulting in a markedly increased heat loss 

and more importantly reduction of feed intake, which serves as a protective mechanism by 

reducing heat associated with digestion and metabolism (Messias de Braganca et al., 1998). 

This information is supported by many studies. Quinou and Noblet (1999) conducted a study 

using constant temperatures (18, 22, 25, 27 and 29°C) for the 21 d lactation period. For sows 

exposed to temperatures higher than 22°C they observed detrimental effects such as reduced 

feed intake, increased respiration rate, and a general reduction of animal performance.   

The sow uses different physiological mechanisms for protection when it is exposed to 

heat stress. By increasing the rate of respiration, she increases evaporative heat losses (Black 

et al., 1993). The sow is also able to increase the peripheral blood flow to irradiate heat to the 

ambient environment (Renaudeau et al., 2001). Rectal temperature increases to maximize the 
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gradient between skin temperature and environment, resulting in improved conductive heat 

losses (Quiniou and Noblet, 1999).  Particularly important is the reduction of feed intake in 

order to reduce the heat increment related with digestion and metabolism (Williams, 1998).  

According to Black et al. (1993) the evaporative critical temperature is the point 

where respiration rate increases noticeably. In this evaporative mechanism, oxygen is used by 

lungs to dissipated heat to the environment. Black et al. (1993) exposed two sows for 4 days 

to either 18 or 28°C to study in depth the evaporative heat loss. He observed a greater oxygen 

usage for high temperatures related with the increase in respiration rate from 20 to 50 

breaths/min, for 18 and 28°C respectively. Quiniou and Noblet (1999) recorded a dramatic 

increase from 26 to 124 breaths/min when sows were exposed to temperatures of 18ºC and 

29ºC, respectively.  

Renaudeu et al. (2001) exposed sows to either 20 or 29°C and estimated an increase 

of 0.18°C in the skin per extra degree of ambient temperature. Sows seem to increase 

circulation of blood in the skin’s vessels to irradiate heat.  This is supported by a study 

conducted by Quiniou and Noblet (1999), who concluded that sows will raise the skin 

temperature by 0.15°C for each extra degree in excess of 22°C.  

Additionally, rectal temperature is observed to raise to minimize the gradient between 

skin and rectal temperatures, which is believed to maximize the skin and ambient 

temperature gradient; improving the heat loss by conduction (Giles and Black, 1991). 

Quiniou and Noblet (1999) used 63 mature sows and exposed them to temperatures from 18 

to 29°C. By increasing ambient temperature, they demonstrated that rectal temperature 

increased as the skin and rectal temperature gradient decreased.  
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Reduction of feed intake is the most important protective mechanism of sows exposed 

to heat stress (Williams, 1998). This is because heat production in their body is associated 

with digestion and metabolism (Schoenherr et al., 1986). For instance, Messias de Branganca 

(1998) observed a 43% reduction in feed intake when temperatures increased from 18 to 

28ºC. Similarly, Schoenherr et al. (1989) observed a decrease of energy intake by 35% when 

sows were exposed to a hot environment (32˚C). Feed intake is importantly reduced during 

summer months, where lactating sows decrease their daily feed intake for more than 1 kg 

(Hermesch et al., 2008). Quiniou and Noblet (1999) concluded that the decrease in energy 

intake by sows in response to increasing temperatures did not correspond to a linear 

response. Reductions of 1.5, 3.3 and 10.2 MJ DEºC
-1

·d-
1
 was detected when temperature 

increased from 18 to 25 ºC, 25 to 27 ºC and 27 to 29 ºC, respectively.  

Evidently, performance of sows and progeny is compromised with mentioned 

physiological changes. Because milk production has a high priority (Pettigrew and Moser, 

1991), the lactating sow seems to mobilize large amounts of nutrients from the body when 

feed and caloric intake is reduced in order to compensate for nutrient deficiencies. Therefore, 

significant sow body weight loss is expected for sows under heat stress. Quiniou and Noblet 

(1999) found a 30% increase in body weight loss for sows exposed to 27ºC compared to 

sows at 18ºC and more important, an increase of 50% for sows exposed to 29 ºC. This body 

nutrients depletion has further implications in the subsequent reproductive performance of 

sows (Keketsu et al., 1996). A direct relationship (r
2
=0.63) was observed for body protein 

loss and an extended wean to estrus interval (King, 1987). Johnston et al. (1999) observed a 
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higher proportion of sows with reproductive problems, such as not presenting heat after 

weaning.  

 Piglet performance is also compromised during heat stress. Black et al. (1993) 

related the decrease in milk production with the increase in blood circulation in peripheral 

parts of the sow body. Higher blood flow in the skin with the aim to dissipate heat to the 

environment reduced the blood circulation in the udder, resulting in a reduced milk 

production. This was corroborated by Quiniou and Noblet (1999), who indicated that lighter 

pigs at weaning were obtained from sows exposed to 29 ºC.  

Supplemental dietary fat becomes important as an alternative energy source in the 

diet, because fat has greater energy density and a lower heat increment when compared with 

other ingredients. Thus, an increase in energy intake may result when fat is added to diets 

(Pettigrew and Moser, 1991). Increasing the caloric intake may alleviate detrimental effects 

of heat stress in lactating sows. 

 

Supplemental dietary fat in lactation diets 

Dietary fat is composed mainly of triglycerides. Fats used for animal feeding may 

contain more than 90% of its dietary lipids in the form of triacylglycerols. They are 

composed of three fatty acids linked to glycerol through an ester bond. Fatty acids can be 

classified as saturated, which do not contain double bonds between carbons; 

monounsaturated, which have one double bond; and polyunsaturated which have multiple 

double bonds (ISEO, 2006). Dietary fat confers different benefits to the animal, such as 
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supplying essential fatty acids for body functions, modulation of the immune system and the 

microbial activity in the gut, and importantly, serving as a dense energy source.  

Essential fatty acids. It has been demonstrated that some fatty acids are essential for 

body functions, such as linoleic acid (C18:2, n-6) and α-linolenic acid (C18:3, n-3), because 

they cannot be synthesized endogenously (Rooke et al., 2003). Moreover, short-chain (less 

than 6 carbons) and medium-chain (between six to twelve carbons) and omega-3 (third bond 

from the methyl end) fatty acids have the most interest for nutritionists because of their 

implications in improving pigs health.  

Fatty acids and the immune system. Weber and Kerr (2006) proposed that butyric 

acid may increase cytokine signaling, which helps to modulate the immune system. 

Additionally, recent studies have demonstrated the important role of omega-3 fatty acids in 

regulating the immune system (Das, 2006; Lauridsen et al, 2007). Omega-3 fatty acids are 

structural components for the generation of prostaglandins and leukotrienes (Samuelsson, 

1983; Clader, 2007), which are pro-inflammatory and anti-inflammatory regulators.  

Microbial activity modulated by fatty acids. Boyen et al. (2008) fed 2% supplemental 

butyrate to piglets and observed a decreased fecal presence of Salmonella typhimurium, 

suggesting that short and medium chain lengths (caprylic and capronic acid) have a direct 

antimicrobial activity. Moreover, in a cecum model, Messens et al. (2010) reported the 

positive effects when medium-chain fatty acids were used against Salmonella. Skrivanova et 

al. (2004) suggested that short and medium-chain fatty acids are able to decrease the 

gastrointestinal pH, preventing the colonization of pathogenic microorganisms. 

Gastrointestinal health, on the other hand may be enhanced by this change in pH, which 
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stimulates growth of beneficial microorganisms (Canibe and Jensen, 2003).  This is 

supported by Bergsson et al. (2002), who suggested that at low pH, medium-chain fatty acids 

penetrate easily into undesirable microorganisms, generating a neutral pH in their cytoplasm. 

This could affect the growth of unwanted bacteria, contributing to host health. 

Fatty acids and trophic effect in the intestinal mucosa. It has been accepted that short-

chain fatty acids (propionic and butyric acid, mainly) have an important role as energy 

sources and metabolic modulators of the intestinal mucosa (Kruh et al., 1994). They, 

especially butyrate, can provide about the 60% of the energy requirement of the colonic 

enterocytes (Scheppach et al., 1992). They also seem to regulate the epithelial cell growth 

and proliferation (Treem et al., 1994). Furthermore, a positive effect on both cecum crypt 

depth and ileal villus length was observed by Piva et al., (2002) when piglets were fed 

supplemental short-chain fatty acids. Galfi and Bokori (1990) observed a 34% increase in the 

number of cells and about 31% greater length of the microvilli in the ileum of growing pigs 

fed additional short-chain fatty acids. It is suggested by Sakata and Inagaki (2001) that 

positive effects are not restricted to the colon; fatty acids may stimulate cell proliferation and 

growth in the small intestine as well.  

Dietary fat as an energy source in lactation diets. Fat is an important energy source 

used in livestock diets. It has a high energy density and also has a lower heat increment 

associated with digestion and metabolism than that carbohydrates, fibers, or proteins 

(Hillcoat and Annison, 1974; Schoenherr et al., 1986). Therefore, the efficiency of fat 

utilization is greater than that of the other dietary components. Such improved efficiencymay 

confer special value when caloric intake is limited to the sow (Pettigrew and Moser, 1991).  
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In this context, improvements in energy intake and lactating sow performance may be 

achieved by supplementing diets with fat (Pettigrew and Moser, 1991). Benefits of 

supplementation of dietary fat in lactating sows have been demonstrated by several 

researchers. Schoenherr et al. (1989) reported a higher feed disappearance for sows fed 10% 

supplemental fat compared to sows not fed fat when housed under heat stress conditions 

(32ºC). Likewise, Tilton et al. (1999) found a greater energy intake in sows when 10% tallow 

was added to lactation diets, even though differences in feed intake were not detected. Using 

59 mature sows, Renaudeau et al. (2001) showed that feed intake reduced from 6.7 to 3.6 kg 

for sows exposed to 20 and 29ºC, respectively. However, the addition of 4% soy oil 

increased caloric intake by 16% and feed intake by10% in that study.  

This improvement in caloric intake evidently results in sow and progeny 

improvements when feed intake becomes limited. Stahly et al. (1980) observed that sows fed 

10% supplemental safflower oil gained 5.1 kg during lactation compared with 0.6 kg loss for 

sows fed no fat. Likewise, van den Brand et al. (2000) reported that sows fed no additional 

fat lost 22.4 kg during lactation, which was reduced to 14 kg for sows fed 9.6% supplemental 

tallow. During lactation, greater mobilization of fat from the body is observed in sows when 

feed intake is limited (Boyd et al., 2000). Higher caloric intake reduced mobilization of body 

fat, which may be estimated by the use of ultrasound technology measuring back fat 

thickness at P2 (between the 9
th

 and 10
th

 rib, 10 cm from the mid-line). Shurson and Irvin 

(1992) reported a 1 mm increase in back fat in sows fed 10% corn oil compared to those not 

fed fat during lactation. A lower mobilization is related with better subsequent reproductive 

performance. Shurson et al. (1986) observed a reduction in the wean to estrus interval from 
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9.69 d for sows not fed fat to 7.25 d for sows fed 10% fat. Depletion of body nutrient 

reserves on the other hand can negatively affect subsequent reproductive performance. 

Hughes (1993) reported an extended wean to estrus interval (>2d) and reduction in 

subsequent litter size (>1.5 pigs) when back fat thickness at P2 was less than 10 mm at 

weaning.  

Benefits in the litter from sows fed supplemental dietary fat are also observed. For 

instance, Averette et al. (1999) observed a 14% improvement in litter weaning weight for 

sows fed 10% supplemental choice white grease. In another study, Gatlin et al. (2002) found 

a 6% improvement in piglet growth rate when nursing sows were fed 10% supplemental 

either choice white grease or medium-chain triglycerides. Likewise, Lauridsen and Danielsen 

(2004) reported a 19% increase in litter growth rate for sows fed 8% supplemental fat 

compared with sows not fed fat. Such improvements may be explained by the increased level 

of milk fat content (Boyd et al. 1982) and IGF-I and IGF-II (Averette et al., 1999) when sows 

are fed additional choice white grease. Arwood and Harmann (1992) found a high positive 

correlation between piglet weight and amount of ingested fat from milk. Post-weaning piglet 

performance may also be improved by supplementation of fat to sows during lactation. 

Stahly et al. (1980) and Tilton et al. (1999) reported an improvement of post-weaning pig 

survival.  

Fat sources. Fats are available in a wide range of sources. In the swine industry, more 

common fats are mostly blended products and rendered fats. The use of a particular source of 

fat in the industry depends on its respective availability and cost. Blended products are 

usually derived from vegetable sources (mainly restaurant by-products) blended with 
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rendered animal fats (Meeker, 2009). Fats may differ in quality and nutritional values. It is 

plausible that the response of the lactating sow and progeny is fat source dependent.  

In a previous review, Pettigrew (1981) summarized early studies and concluded that 

the use of dietary fat in lactation diets had benefit effects on piglet survival only when piglet 

mortality was higher than 20% in the herd. He also observed that the weight of the litter at 

weaning when sows were fed levels no higher than 8% additional fat had a minimum and not 

significant effect compared to sows no fed supplemental fat. Different sources of fat were 

used in the studies analyzed. However, the effect of fat sources on lactating sows and 

progeny was not an objective of his review. Some of the most recent studies are summarized 

in Table 1, which shows the response of the lactating sow and progeny to different sources of 

dietary fat and levels.  

Table 1. Response of lactating sow and progeny to dietary fat source and level in some 

recent studies. 

 

Supplemental fat 

source-level 
Effect Reference 

8% tallow 
Increased  fat milk by 24% during lactation Boyd et al., 1982 

10% corn oil Increased 1 mm in back fat thickness Shurson and Irvin, 1992 

10% choice white 

grease 

Reduced of sow body weight loss by 46% 

Increased of milk fat content by 22% (d 2 and 3 of 

lactation) 

Improved piglet ADG by 25% 

Averette et al.,1999 
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Table 1. Continued  

 

Quality of fat sources 

In the swine industry, fat is used to increase energy intake and, therefore, improve 

performance of sows, as described above. However, quality and chemical structure of the fat 

may play an important role in their digestion and absorption and gastro-intestinal health 

status. Most fats used in swine industry have been exposed to processing, such as refining, 

cracking, rendering and heating, before they are used in animal diets (Wiseman, 1986). Such 

exposure deteriorates the quality of the fat, resulting in higher levels of free fatty acids and 

products of fat oxidation. Powles et al. (1995) observed a lower value for digestible energy 

Supplemental fat 

source-level 
Effect Reference 

10% tallow Litters 7% heavier at weaning Tilton et al., 1999 

8% tallow 

Increased fat milk content by 22% (compare fat and 

starch) 

Improved pig ADG by 18% (compare fat and 

control) 

van den Brand et al., 

2000 

4% Soy oil 
Reduced of sow body weight loss by 25% 

Reduced of back fat thickness loss by 20% 
Renaudeau et al., 2001 

10% choice white 

grease or medium-

chain triglyc. 

Improved pig ADG by 7%  Gatlin et al., 2002 

8% of animal fat, 

coconut oil, palm oil 

and sunflower oil 

Improved  pig ADG by 19% 
Lauridsen and Danielsen, 

2004 
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when free fatty acid levels were high. Thus, the nutritional value of fats is commonly 

determined by the fatty acids composition, free fatty acids present, stability, and other 

chemical characteristics.  

Hydrolysis. Free fatty acids result from the splitting of the triacylglycerol molecule at 

the ester linkage by hydrolysis. They are measured in fats by their neutralization with sodium 

hydroxide. The amount of free fatty acids is related to objectionable odor, flavor and other 

unfavorable characteristics in the fat. It is also related with the amount of moisture it has 

been exposed to (Shahidi and Wanasundara, 2008). Powles (1995) concluded that 

digestibility of fat is linearly reduced with increasing levels of free fatty acids. However, 

DeRouchey et al. (2004) demonstrated that animal performance was affected only with more 

than 35% free fatty acids. 

Lipid oxidation. Oxidation of fatty acids initiates with a hydrogen removed from a 

methylene group in the hydrocarbon chain. When fat is exposed to oxygen, it reacts with the 

fatty acids, producing hydroperoxides (primary subproducts) and further degradation 

produces aldehydes, ketones, malonaldehydes, and others (secondary). This is a slow natural 

process in fats that is accelerate whit heat and oxygen. This seems to occur especially in 

restaurant greases because of their repeated exposure to heat and moisture (Wiseman, 1986).  

Lipid oxidation is known as one of the major degenerative processes; Addis (1984) stated 

that this process may result in the generation of toxic compounds. An early study conducted 

by Andrews (1960), involved rats and reported the direct relationship between the degree of 

toxicity of polyunsaturated fat and their peroxide contents. Indeed, Grisham and Granger 

(1988) found digestive disorders when intake of polyunsaturated fatty acids was high, linking 
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this issue with presence of lipid hydroperoxides. Toxic compounds generated during the 

oxidation process may negatively affect different tissues, compromising the integral health of 

an animal. Interestingly, Aw et al. (1986) suggested that the presence of these compounds 

may ultimately lead to bowel diseases, cancer, and diabetes. 

Hydroperoxides are the primary subproducts of oxidation and can be measured by the 

peroxide value; which is an indirect measurement of lipid oxidation. This is determined 

based on the iodometric method, in which iodine ions reduce hydroperoxide groups and then, 

iodine is liberated by titration with a solution of sodium thiosulfate (O’Brien, 2009). These 

hydroperoxides can be detected only in the first stages of oxidation, therefore, more accurate 

measurement is achieved with different time observations; such as initial peroxide value, and 

values for 4 hours and 24 hours after exposing the fat to heat (100ºC) and oxygen using the 

active oxygen method. A rapid increase between the time points may be a sign of higher 

susceptibility of the fat to oxidation (O’Brien, 2009). 

Secondary changes occur with hydroperoxides, which are decomposed into products 

such as aldehydes, ketones, hydrocarbons, alcohols and others. The anisidine value is a 

method used to determine the amount of aldehydes (Shanhidi and Wanasundara, 1998). High 

levels of aldehydes may have negative consequences in the performance of animals. 

DeRouchey (2004) concluded that values higher than 10.6 detrimentally affected the 

performance in weaned pigs. 

Antioxidant system in the intestinal tract. Researchers have referred to the lipid 

oxidation subproducts as toxics elements when found in elevated amounts. Antioxidant 

systems in the bowel, such as the glutathione system (Aw et al., 1992) have been described. 
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This system plays an important role attenuating transport of lipid peroxides (Wingler et al., 

2000 and LeGrand and Aw, 2001), therefore, preventing damage to the gut (Aw, 1994). 

However, this system becomes limited in the presence of highly oxidized fats, and the excess 

of subproducts may cause inflammation (Libby, 2006); which may then result in a reduction 

of nutrient absorption.  

Kanazawa and Ashida (1998) suggested that compounds such as hydroperoxides and 

aldehydes may compromise gut health. The researchers concluded that aldehydes are 

produced mostly from the gastric decomposition of lipid hydroperoxides. Lipid 

hydroperoxides decompose to aldehydes in the lumen, after which they are partially absorbed 

by the gut and accumulate in the liver (Kanazawa et al., 1985). Some aldehydes are 

detoxified by the hepatic enzyme aldehyde dehydrogenase (Mitchell and Peterson, 1989), the 

remnants of which may cause toxicity.  

The glutathione system (GSH) occurs naturally as an antioxidant in cells (Kaplowitz 

et al., 1985). The presence of GSH in the mesenteric lymph offers a possible mechanism for 

the reduction of lymphatic lipid peroxides (Mohr et al., 1999). However, large amounts of 

lipid oxidation products may deteriorate the antioxidant systems. This depletion may be 

related to the immune response. When absorbed from the gut, lipid oxidation subproducts act 

as injurious chemicals that activate an inflammation response affecting organs such as liver, 

kidney, lung and the gut (Libby, 2006).  
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Current research focus  

Use of supplemental fat as an energy source is important during lactation, especially during 

high ambient temperatures. However, there is limited knowledge of the response of the 

modern lactating sow to addition fat. Additionally, there is evidence of the direct relationship 

between the animal performance and the quality of the fat source. Therefore, in the present 

research we aimed to study the response of the lactating sow to quality and level of 

supplemental dietary fat during high ambient temperatures.  
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CHAPTER II: 

Sow and litter response to supplemental dietary fat in lactation diets during high 

ambient temperatures 
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ABSTRACT 
 

The objective of this experiment was to determine the impact of supplemental dietary fat on 

total lactation energy intake and sow and litter performance during high ambient 

temperatures.  Data were collected from 337 sows (PIC Camborough line) from July to 

September in a 2,600-sow commercial unit in Oklahoma. Diets were corn-soybean meal 

based with 7.5% dried distillers grains with solubles and 6.0% wheat middlings and 

contained 3.24 g standardized ileal digestible lysine/Mcal ME. Animal-vegetable blend (A-

V) was supplemented at either 0, 2, 4, or 6%. Sows were balanced by parity, with 113, 109, 

and 115 sows representing parity 1, 2, and 3 to 7 (P3+), respectively. Feed disappearance 

(subset of 190 sows; 4.07, 4.17, 4.42, and 4.33 kg/d, for 0, 2, 4, and 6%, respectively; P < 

0.05) and apparent caloric intake (12.83, 13.54, 14.78, and 14.89 Mcal ME/d; P < 0.001) 

increased linearly with increasing dietary fat. Gain:feed ratio (sow and litter gain relative to 

feed intake) was negatively affected (P = 0.05), and Gain:Mcal ME ratio declined linearly 

with addition of A-V (0.162, 0.157, 0.153 and 0.141 for 0, 2, 4 and 6%, respectively; P < 

0.01). Parity 1 sows (3.95 kg/d) had lower (P < 0.05) feed disappearance than P2 (4.47 kg/d) 

and P3+ (4.32 kg/d) sows.  Body weight change in P1 sows tended to be greater (P = 0.1) 

than either P2 or P3+ sows (-0.26 vs. -0.01 and 0.09 kg/d), whereas back fat loss was lower 

(P < 0.05) and loin depth gain was greater (P < 0.05) in P3+ sows compared to P1 and P2 

sows. Dietary A-V improved litter ADG (P < 0.05; 2.15, 2.19, 2.18, and 2.18 kg/d for 0, 2, 4, 

and 6% fat, respectively). Sows bred within 8 d after weaning (58.3, 72.1, 70.2 and 74.7% for 

0, 2, 4 and 6%, respectively), conception rate (78.6, 89.5, 89.2, and 85.7%) and farrowing 

rate (71.4, 81.4, 85.5, and 78.6%) were improved (P < 0.01) by additional A-V, but wean to 
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breeding interval was not affected. Rectal and skin temperature and respiration rate of sows 

were greater (P < 0.002) when measured at wk 3 compared to wk 1 of lactation, but were not 

affected by A-V addition. Parity 3+ sows had lower (P < 0.05) rectal temperature than P1 and 

P2 sows and respiration rate was lower (P < 0.001) in P1 sows compared to P2 and P3+ 

sows. In conclusion, A-V blend improved feed disappearance and caloric intake, resulting in 

improved litter weight gain and subsequent reproductive performance of sows; however, feed 

and caloric efficiency were negatively affected. 

Key words: fat, heat stress, lactation, sow 

 

 

Introduction 

The lactating sow requires high amounts of nutrients for milk yield, which is 

estimated to be at least 78% of the net energy required for the modern prolific sow (Boyd and 

Kensinger, 1998). High ambient temperatures negatively affect feed intake in sows. A 

reduction of 43% in feed intake resulted when sows were exposed to 30˚C compared with 

sows at 20˚C (Messias de Branganca, 1998).  Reduction in feed intake may be explained as a 

means to control body temperature (Williams, 1998); heat production, associated with 

digestion and metabolism, simply adds to the burden of dissipating effects of extreme 

ambient heat (Schoenherr et al., 1986). Such reduction in feed intake results in decreased 

mammary size and milk output of sows, and consequently progeny growth (Spencer et al., 

2003).  

Improvements in energy intake may be achieved by supplementing diets with fat. 

Total feed intake may be reduced but total caloric intake is increased (Pettigrew and Moser, 

1991). Fat has a lower heat increment associated with digestion and metabolism (O’Grady et 
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al., 1985; Pettigrew and Moser, 1991), which is particularly important when animals are 

experiencing heat stress. O’Grady et al. (1985) reported an increase in caloric intake when fat 

was supplemented to lactating sows exposed to heat stress. The increased in caloric intake 

increased milk fat and milk output with improved piglet survival and growth (Boyd et al., 

1982; Cieslak et al., 1983). However, fat addition has negative implications for feed 

manufacturing, such as reduced pellet durability, which increases fines and feed refusal when 

fat is above 5.6% (Briggs et al., 1999).  

The optimal level of supplemental dietary fat has not been determined for the modern 

and high-producing sow. The objective of the present study was to evaluate the effects of 

supplemental animal-vegetable blend (A-V) on sow and litter performance, subsequent 

reproductive performance and sow heat stress when exposed to high ambient temperatures. 

 

Materials and Methods 

Animals were treated humanely and procedures were consistent with the Guide for 

the Care and Use of Animals in Agricultural Research and Teaching (FASS, 2010). Protocols 

were under the supervision of licensed veterinarians. 

Animal management and dietary treatments. Three hundred thirty seven sows (PIC 

line Camborough) located in a 2,600 sow commercial research farm in Oklahoma were used 

in the experiment. The farrowing facility used was divided into 8 sections, with 20 to 24 

individual crates. Two groups of 20 to 24 sows were placed on the study every week. The 

first group was placed in July, 2009 and the last group was weaned in September, 2009.  

Sows were balanced by parity, with 113, 109 and 115 sows representing parity 1, 2 and 3 to 7 

(P3+), respectively. Feed disappearance was carefully measured in a subset of 190 sows (9 
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groups) and sow body temperature and respiration rate were measured in another subset of 

115 sows (5 groups). Experimental diets were manufactured at a commercial feed mill 

(Hanor Company, Enid, OK) and chemically verified. Diets were corn-soybean meal based 

with 7.5% dried distillers grains with solubles and 6.0% wheat middlings (Table 1). Feed 

samples were analyzed for CP, fat, Ca and P (Dairy One, Ithaca, NY). Analysis of pellet 

durability index (PDI) of feed samples was conducted at the North Carolina State University 

feed mill. A 500 g sample was used for tumbling in the device for 10 min (ASAE, 1997). 

Diets were formulated to a constant nutrient to ME ratio, including amino acids, Ca, P and 

vitamins and minerals; diets contained 3.24 g standardized ileal digestible lysine/Mcal ME. 

Grain and protein ingredients were kept constant across diets to eliminate the potential 

impact of changes in ingredient composition on sow performance. Thus, nutrient to energy 

ratios were maintained by exchanging synthetic amino acids, macro-mineral sources and the 

vitamin-mineral premix only. All nutrients exceeded the NRC (1998) requirements for 

lactating sows, supporting 2600 g litter growth per day. Dietary fat (animal-vegetable blend, 

A-V; Sooner Trading LLC, Ravia, OK) was supplemented at either 0, 2, 4, or 6% before 

pelleting. The composition and quality of the fat (Table 2) was determined in 2 representative 

samples, obtained throughout the study, by a commercial laboratory (New Jersey Feed 

Laboratory Inc., Trenton, NJ) using AOAC (1999) procedures. Sows were housed and fed 

individually 1 of the 4 dietary treatments. Sows had ad-libitum access to water. Daily 

temperatures averaged 33±5°C outside and 27±3°C inside of the commercial building. 

Humidity inside of the building averaged 61±10% during the study.Sows were offered feed 

twice daily to appetite. A computerized feeding system (Howema, Big Dutchman, Germany) 
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was used to feed the sows individually. Feed disappearance was recorded from farrowing to 

weaning. 

Sow performance. Sows were weighed individually at placement (110±2 d of 

gestation) and at weaning (19±2 d). Sow weight at farrowing was estimated assuming 0.7 kg 

daily gain from the day of placement to the day of farrowing based on a daily ME intake of 8 

Mcal (Close e al., 1984), minus litter weight at birth, which included pigs born alive, still-

born pigs and mummies, and the estimated weight of the placenta and fluid (Noblet et al., 

1985). Sow weight change represents the difference between weight at weaning and 

estimated weight at farrowing. Back fat thickness and loin depth were measured at d 112±2 

of gestation and at weaning using real-time ultrasound (PigLog 105, SFK-Technology, 

Denmark). Measurements were taken at 2 points on the sow, between the 9
th

 and 10
th

 rib, 10 

cm from the mid-line and between the 3
rd

 and 4
th

 vertebrae of the spine, 10 cm from the mid-

line of the sow. These points of measurement were marked with a red marker on each sow, 

such that measurements were made in the same location at both time points, which allowed 

us to minimize variation between sampling. Back fat and loin depth change during lactation 

was determined by the difference of the measures at weaning and farrowing.  

Litter performance. Litter information was recorded, including pigs born alive, still-

born pigs and mummies. Cross-fostering was conducted the first day of lactation, after 18-24 

h to allow for colostrum intake from their own mothers. Litter size was standardized to 12±1 

pigs according to the standard operating procedures of the commercial farm. Litter weight 

gain represents the difference between the weight of the litter at weaning (average 19±2 d) 
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and the weight after cross-fostering. Piglet mortality was recorded for each litter. Pigs did not 

have access to creep feed or supplemental milk during the experiment.  

Subsequent reproductive performance. After weaning, sows were returned to the 

breeding building where subsequent reproductive performance was measured. Data included 

the number of sows bred within the first 8 d after weaning, wean to breeding interval, 

conception rate, farrowing rate, and number of sows culled due to reproductive issues or 

lameness. In addition, subsequent litter information, including pigs born alive, still-born pigs 

and mummies was collected. 

Heat stress study. During the first and third week of lactation, rectal temperature, skin 

temperature and respiration rate were measured. Data were collected during the time of the 

highest temperature, which was at approximately 17:00. Temperature of the room was 

recorded when measurements were taken and averaged 25 ±1.6ºC for wk 1 and 26.5±1.8ºC 

on wk 3. Rectal temperature was measured using a digital thermometer (M750 Series, GLA 

Agriculture Electronics, San Luis Obispo, CA), while skin temperatures were measured at 

the udder, flank and back of the sow using an infrared thermometer (Model 63, Fluke, 

Everett, WA). Sow respiration rate was measured as the number of flank movements per min 

as described by Quiniou and Noblet (1999).  

Statistical Analysis.  Sow and litter performance data were analyzed using the Mixed 

procedure of SAS (SAS Inst. Inc., Cary, NC). Sows were assigned in groups (20 to 24 sows 

per group) in a completely randomized design with 4 dietary treatments assigned randomly to 

sows (n = 4 to 9 per treatment per group). Sow parity was used as a independent variable in 

the model. It varied from 1 to 4 sows per parity within each treatment in each group. The 
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fitted model corresponded to a mixed linear model (SAS Institute, 2006) which included 

dietary treatment, parity and dietary treatment by parity interaction as the fixed effects. 

Group and sows nested within group and dietary treatment were considered as random 

effects in the model. Number of days of lactation was used as a covariate for sow 

performance, whereas for litter performance data, days of lactation and weight of the litter 

after cross-fostering were used as covariates. 

    The Genmod procedure of SAS was used to analyzed subsequent reproductive 

performance, where the response was binary, and the total number of successes (sows bred, 

for example) were counted across all replicates. Poisson regression (Ott and Longecker, 

2001) was modeled for the number of successes. The model included dietary treatment, 

parity and dietary treatment by parity interaction as fixed effects and the total number of 

sows as an offset variable. 

    Body temperature and respiration rate were measured in two weeks (wk 1 and 3 of 

lactation) and analyzed as repeated measures (Quinn and Keough, 2007).  A mixed linear 

model was used that included dietary treatment, parity, week (time) and their interaction as 

fixed effects, and group and its interactions with treatment and parity as random effects. 

Repeated measures of the responses were modeled following a compound symmetry 

structure for the covariance parameter. 

Degrees of freedom, least squares means and standard errors were calculated applying 

the correction method of Kenward and Rogers (SAS Institute, 2006). For all variables, 

dietary treatment degrees of freedom were partitioned into orthogonal contrasts to evaluate 

linear and quadratic effects of supplemental A-V blend. 
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Results  

 Sow performance. Average daily feed intake during lactation increased linearly 

(P<0.05; Figure 1) when A-V blend was supplemented to the diet. Higher feed disappearance 

and higher energy density of fat-containing diets led to a linear increase in average daily 

energy intake (P<0.001; Figure 1). Parity 2 sows consumed more feed (4.47 kg/d, P<0.05) 

than parity 1 sows (3.95), but not more than P3+ sows (4.32; Table 3). Pellet durability index 

decreased as supplemental A-V blend increased (94, 90, 88, and 69% for 0, 2, 4, and 6% 

respectively; data not shown). Supplemental A-V blend did not affect weight of sows at 

weaning (P=0.795; Table 3). Overall, sows lost weight during lactation, ranging from -0.13 

to -0.01 kg/d, but statistical differences between treatments were not observed (P=0.798; 

Table 3). As expected, P3+ sows were heavier at placement, farrowing and weaning than 

parity 2 and parity 1 sows (P<0.01), and ADG was higher for P3+ (P<0.01; 0.12 kg/d) 

compared with negative values for parity 1 (-0.32) and parity 2 sows (-0.07; Table 3). Back 

fat thickness for sows averaged 2.13±0.44 cm at farrowing. Addition of A-V blend tended 

(linear, P=0.10) to decrease back fat loss (Table 3). Parity 3+ sows appeared, based on this 

measure, to mobilize less fat from the body (-0.25 cm/d, P<0.05) than parity 1 sows (-0.31) 

and parity 2 sows (-0.37), but no differences between parity 1 and parity 2 sows were 

observed (Table 3). Likewise, P3+ sows had greater loin depth at weaning (5.04 cm, P<0.05) 

than parity 1 (4.65) but not parity 2 sows (4.83; Table 3). Furthermore, during lactation P3+ 

sows increased the amount of loin depth (0.42 cm/d, P<0.05) compared to parity 2 sows 

(0.10) and parity 1 sows (-0.10; Table 3).  
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Litter performance. Addition of A-V blend in lactation diets tended to negatively 

affect piglet mortality in parity 1 sows (P=0.08; Table 4). Consequently, pigs weaned per 

litter decreased linearly (P<0.05) as supplemental A-V blend increased when data were 

analyzed for parity 1 sows, but an effect of fat was not detectable for parity 2 or P3+ sows 

(Table 4). Supplementation of A-V blend did not improve litter weight at weaning for young 

sows (Parity 1 and parity 2 sows). However, A-V blend enhanced the weight at weaning of 

litters from P3+ sows (linear, P<0.05; Table 4). Similarly, addition of A-V blend improved 

ADG of litters from P3+ sows (linear, P<0.05) but did not affect growth rate in litters from 

parity 1 and parity 2 sows (Table 4).  

Feed efficiency. Gain:Feed ratio (measured as sow and litter gain relative to feed 

intake) linearly decreased when A-V blend was added to the diet (P<0.05; Figure 2). 

Likewise, a linear decreased in gain:energy ratio (kg/Mcal ME) was observed with increasing 

levels of A-V blend in diets (P<0.001; Figure 2). 

Subsequent reproductive performance. Important improvements in subsequent 

reproductive performance were achieved for sows fed supplemental dietary A-V blend. For 

instance, 25% more sows were bred within the first 8 d after weaning when A-V blend was 

added to their diets (P<0.01; Table 5). Also, conception and farrowing rate were improved by 

the addition of  A-V blend (P<0.01; Table 5). Wean to breed interval was not affected by 

supplemental A-V blend (P=0.663). Moreover, number of sows culled after weaning was 

greater for sows not fed supplemental A-V blend compared to sows fed additional A-V blend 

(P<0.01; Table 5).  
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 Heat stress. We measured a respiration rate of 58.5±2.6 breaths/min for sows housed 

at 27°C.  Temperature inside the building was 25.0 and 26.5ºC for wk 1 and 3, respectively. 

This was above the thermoneutral zone of the lactating sow, which ranges between 12 and 

22ºC (Black et al., 1993). Respiration rate was lower (P<0.001) during the first wk of 

lactation when compared to the third wk of lactation (Table 6). Likewise, rectal and skin 

temperatures were greater when measured at wk 3 compared to wk 1 of lactation (P<0.01; 

Table 6), but no differences were detected due to supplemental A-V blend (data not shown). 

Respiration rate was observed to be lower in first parity sows (P<0.001; 51 flank 

movements/min) when compared to parity 2 and P3+ sows (62 and 64, respectively; Table 

6). 

Discussion 

During lactation, demands for nutrients are high because extra energy is needed for 

milk production, which has a high priority (NRC, 1988). If nutrient intake is insufficient, the 

sow will mobilize body reserves to maintain milk production which requires at least 78% of 

the total energy requirement (Boyd and Kensinger, 1998).  Reducing feed intake is a 

protective mechanism in animals to limit their heat increment when exposed to heat stress. 

For instance, a decrease of 40% in feed intake was observed by Messias de Branganca (1998) 

when temperature increased from 18 to 28ºC. Such reduction in feed intake may be 

compensated for with the use of supplemental dietary fat, which has been widely used as a 

strategy to increase ME intake in sows. This may be especially important during the summer 

months when temperatures are above the thermoneutral zone of the sow, which ranges 

between 12 and 22ºC (Black et al., 1993). Although feed intake may decrease as 
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supplemental fat increases, daily energy intake typically increases (Pettigrew and Moser, 

1991). 

In our study, lactating sows had ad-libitum access to feed and sows fed diets 

supplemented with A-V blend had linearly improved feed disappearance and energy intake 

when they were exposed to moderately high ambient temperatures (27±3ºC). Similarly, 

Schoenherr et al. (1989) reported a higher feed disappearance for sows fed 10% supplemental 

choice white grease compared to sows not fed fat when housed under heat stress conditions 

(32ºC). Likewise, Tilton et al. (1999) found a greater energy intake in sows when 10% tallow 

was added to lactation diets, even though differences in feed intake were not detected. From 

a feed quality perspective, high levels of fat did have a negative impact on pellet durability. 

Briggs et al. (1999) demonstrated a dramatic decrease in pellet durability when supplemental 

dietary fat was above 5.6%. Indeed, in the present study, pellet durability dramatically 

decreased from 94 to 69% when A-V blend was added at 6%. A reduction in pellet durability 

may explain the increase in feed disappearance in our study, because as pellet durability 

decreases and the amount of fines increases, feed waste is likely to increase.  On the other 

hand, the A-V blend may have had a positive effect on the palatability of the diets, resulting 

in a higher feed disappearance with its addition.  

The increase in feed disappearance in our study did not only result in an increase in 

ME intake, but also increased consumption of amino acids and other nutrients, which may 

have a positive impact on sow and litter performance. Total lysine intake in the present study 

averaged 52 g/d, meeting the requirement for lactation sows (NRC 1998; Boyd et al., 2000).  

Total lysine disappearance increased linearly (P<0.001) when A-V blend was added in the 
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diets (47.6, 49.7, 54.4 and 54.8 g/d for 0, 2, 4 and 6%, respectively). The total lysine 

requirement to support a litter growth rate of 2 kg/d can be calculated to be approximately 50 

g/d (Boyd et al., 2000; Usry et al., 2009). Thus, sows fed no supplemental A-V blend in the 

current study consumed less lysine than required to support the observed litter weight gain. 

Presumably, litter weight gain was maintained at equal levels by mobilization of body 

reserves. Differences in lysine intake in sows fed increasing levels of A-V blend could have 

affected performance of sows and their litters. 

 In our study, differences in feed disappearance were significant between parities 

(Table 3). As expected, parity 1 sows had the lowest feed disappearance.  Likewise, Pelletier 

et al. (1987) reported that parity 1 sows were unable to increase feed disappearance during 

lactation when tallow was added to diets. 

Sows fed 6% supplemental A-V blend in our study were heavier at weaning than 

sows not fed fat. Contrary to Stahly et al. (1980), who observed that body weight change in 

lactating sows was unaffected by 10% inclusion of safflower oil. Our data showed that 

mature sows had heavier body weight at farrowing and at weaning than young sows, as 

expected.  

Sows used in our study averaged 2.13±0.44 cm in back fat thickness, which is similar 

to the target proposed by Yang et al. (1989), who advised a target level of 2 cm of back fat 

for sows at farrowing. This amount of back fat thickness is an estimate of the fat reserves in 

the body of a sow and will be utilized during lactation for maintenance requirements but 

mostly for milk production (Yang et al., 1989). Greater mobilization of fat from the body is 

observed in lactating sows, especially when feed disappearance is limited (Boyd et al., 2000). 
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Shurson and Irvin (1992) reported a 1 mm increase in back fat in sows fed 10% corn oil 

compared to those not fed fat during lactation. We observed a 7% increase (1.3 mm) in back 

fat for sows at weaning when fed 6% dietary A-V blend compared to those not fed fat. 

Dietary levels of 2 and 4% supplemental A-V blend did not increase back fat thickness in our 

study. Our observations indicated that sows mobilized similar amounts of fat from the body 

to meet energy requirements, regardless of the level of dietary fat. Furthermore, data from 

our study suggest that parity 1 and parity 2 sows mobilized more body fat from the body than 

P3+ sows. This is similar to studies conducted by Neil et al. (1996) and Sinclair et al. (1996) 

where parity 1 sows lost more back fat thickness during lactation compared with multiparous 

sows. We speculate that parity 1 sows needed to mobilize more fat from the body to meet 

energy requirements because they were unable to increase feed intake sufficiently throughout 

lactation. Parity 2 sows on the other hand, consumed more feed than parity 1 sows and also 

mobilized more fat from the body, which may be explained by the heavier litters they nursed. 

Averette et al. (1999) reported a reduction in the number of pigs weaned from sows 

fed 10% choice white grease compared with sows not fed fat. We observed a reduction in 

pigs weaned per litter and a reduction in litter weight at weaning when parity 1 sows were 

fed 6% supplemental fat. However, inclusion of fat in diets increased the weight at weaning 

of the litters from P3+ sows. Similarly, Averette et al. (1999) observed a 14% improvement 

in litter weaning weight for sows fed 10% supplemental choice white grease. In another 

study, Gatlin et al. (2002) found a 6% improvement in piglet growth rate when nursing sows 

were fed 10% additional fat from either medium-chain triglycerides or choice white grease 

compared with those not fed fat. Likewise, in a study conducted by Lauridsen and Danielsen 
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(2004) the use of 8% of either animal fat, coconut oil, palm oil, or sunflower oil increased 

litter growth rate by 19% compared with sows not fed fat. In the present study, we observed 

an 18% improvement in litter growth rate for P3+ sows fed 6% supplemental fat. However, 

an 8% reduction in litter growth rate was observed for parity 1 sows. Such reduction may be 

due to the use of a portion of dietary energy in parity 1 sows for body growth rather than 

milk production. Mature sows seemed to use this additional energy to increase milk yield 

(Boyd et al., 1982; Coffey et al., 1987; Matzat et al., 1990). In our study, sow milk was the 

only source of nutrients for the piglets. Extra weight in litters from sows fed high levels of A-

V blend may be primarily from deposition of fat in the piglet body. Although sow milk yield 

may not be affected by supplemental dietary fat (Schoenherr et al., 1989), total fat content 

(Boyd et al. 1982) increased in milk from sows fed additional fat. Therefore, we expect 

greater levels of fat intake by piglets. Arwood and Harmann (1992) found a high positive 

correlation between piglet weight and amount of ingested fat from milk. Growth performance 

of piglet after weaning may be improved by supplemental fat in sow diets during lactation. 

Stahly et al. (1980) reported an improvement of post-weaning survival by the addition of 

safflower oil in lactation diets. Moreover, Averette et al. (1999) observed an increase of 25% 

in ADG for post-weaning pigs that had previously nursed sows fed supplemental fat, and 

they continued to gain faster from 21 to 91 kg BW. Additionally, a reduction of mortality in 

post-weaning pigs by increasing supplemental fat in lactation diets was observed by Tilton et 

al. (1999). 

Litters weaned from parity 2 sows were 5% heavier and grew 8% faster than parity 1 

and P3+ sows. It is well known that milk production increases from the first to the second 
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parity (Etienne et al., 1998), and also that multiparous sows responded better to supplemental 

fat (dried fat product) by increasing milk production (Shurson et al., 1986). In the present 

experiment, we found that parity 2 sows nursed heavier litters than parity 3+ sows.  

The efficiency of feed utilization in sows for sow body weight gain (or loss) and litter 

gain is an important measure that has received limited attention. We observed that sows can 

convert 1 kg of feed into 0.52 kg of weight from their own BW and the weight of their litter. 

Supplemental A-V blend in lactation diets negatively affected G:F and gain:energy ratios in 

our study. Such response may be due in part to the reduction in pellet durability when A-V 

blend was added to diets, especially at 6%. Poor pellet durability results in higher levels of 

fines, which may not have been consumed well by the sows.  

High ambient temperatures may negatively affect the reproductive performance of 

sows.  Detrimental effects seem to be more evident in young sows. Clark et al. (1986) 

observed a longer wean to breeding interval in parity 1 sows during the summer months. 

Younger animals appear to mobilize a greater proportion of their limited body reserves when 

feed intake is low during lactation (Fernandes et. al., 1990).  However, in our study, inclusion 

of A-V blend increased feed and energy intake and had a beneficial impact in sows of all 

parity groups, clearly improving the number of sows bred within 8 d, conception rate and 

farrowing rate. Shurson et al. (1986) also observed positive effects in the subsequent 

reproductive performance for sows fed supplemental dried-fat product during summer 

months. They observed a reduction in the wean to breed interval from 9.69 d for sows not fed 

fat to 7.25 d for sows fed 10% fat. 
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 Under commercial conditions, sows with poor performance and fertility are sold as 

cull sows. Young sows must be retained in the flow for several cycles to be productive; 

however, some sows are removed due to physical problems or low fertility. Data from 

several commercial sow units during 2000 (USDA, 2005) suggest that culling rate over six 

winter months was 17.5%. The number of cull sows may increase during the summer 

because reproductive issues. In our study, 21.4% of the sows not fed fat were culled. This 

culling rate was reduced with increasing levels of supplemental fat. It is important to mention 

that 8 sows (2, 1, 3 and 2 sows for 0, 2, 4 and 6%, respectively) died during the study for 

various reasons. This number of sows was not included in the culling rate shown above.  

Sows can control body temperature by increasing heat loss through evaporation or 

conduction and by reducing heat increment by eating less (Williams, 1998; Quiniou and 

Noblet, 1999). An increase in heat loss through evaporation was observed by Black et al. 

(1993) when temperature was raised from 18 ºC to 28ºC, obtaining an increase in respiration 

rate from 20 to 50 breaths/min, respectively. Likewise, lactating sows exposed to 27ºC in our 

study had similar values for respiration rate (59 breaths/min).  Quiniou and Noblet (1999) 

recorded a dramatic increase from 26 to 124 breaths/min when sows were exposed to 

temperatures of 18ºC and 29ºC, respectively. In our study, respiration rate and body 

temperature were greater at wk 3 vs. wk 1 of lactation, which is likely related to increased 

metabolism of sows due to an increased milk yield, which is evidently higher by the end of 

the lactation period (King et al., 1993). However, small differences in room temperature 

between wk 1 and wk 3 may have contributed, in part, to the increase in respiration rate and 

body temperature of sows during wk 3 of lactation. 
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Implications 

 In the context of a modern prolific sow, the use A-V blend increased linearly feed 

intake and energy intake. Additional A-V blend in lactation diets improved litter growth rate 

in P3+ sows but was not beneficial to parity 1 and 2 sows. The efficiency of feed and caloric 

utilization by sows for sow body weight and litter gain was negatively affected by the 

supplementation of A-V blend. It is clear from these data that the use of body reserves if A-V 

blend was not supplemented (below 2%) would compromise rapid return to estrus and 

subsequent reproduction, especially for first parity sows. 
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Table 1. Composition of the experimental diets, as-fed basis
1 

 

 

 % Supplemental Fat 

 0 2 4 6 

Ingredient, %     

 Corn, medium grind 52.20 50.07 47.88 45.66 

 Soybean meal, 46.5% CP 31.00 31.00 31.00 31.00 

 Corn distillers grains with soluble 7.50 7.50 7.50 7.50 

 Wheat middlings 6.00 6.00 6.00 6.00 

 Fat, A-V blend
2
 - 2.00 4.00 6.00 

 L-lysine 0.05 0.10 0.15 0.19 

 DL-methionine - - 0.01 0.03 

 L-threonine 0.01 0.04 0.06 0.09 

 L-valine - - 0.03 0.06 

 Limestone 1.18 1.21 1.24 1.27 

 Monocalcum phosphate, 21% P 0.81 0.86 0.90 0.95 

 Salt 0.40 0.40 0.41 0.41 

 Potassium, magnesium sulfate
3
 0.50 0.50 0.50 0.50 

 Sow vitamin and mineral premix
4
 0.20 0.20 0.21 0.21 

 Choline chloride, 60% 0.13 0.13 0.13 0.13 

 Iron oxide 0.03 - - - 

Calculated composition     

 ME, Mcal/kg 3.24 3.34 3.43 3.53 

 Total Fat, %  3.4 5.4 7.3 9.2 

 Crude protein, % 21.86 21.74 21.63 21.53 

 Total lysine, % 1.17 1.20 1.23 1.26 

 Ca, % 0.90 0.92 0.94 0.96 

 Total P,  % 0.76 0.76 0.77 0.77 

Analyzed composition     

 Total fat, % 3.5 5.7 6.4 8.5 

 Crude protein, % 22.7 21.9 22.0 22.3 

 Ca, % 0.75 0.80 0.90 0.86 

 P, % 0.63 0.63 0.63 0.65 
1
Diets were formulated to meet or exceed NRC (1998) requirements and contained 3.24 g standardized 

ileal digestible lysine/Mcal ME. 
 2

Animal-vegetable blend. 
 3

Dynamate. Added as a laxative. 
 4

Supplied per kg of complete diet: Zn, 125 mg; Fe, 100 mg; Mn, 50 mg; Cu, 24.98 mg; I, 0.7 mg; Se, 

0.3 mg; vitamin A, 11023 IU; vitamin D3, 1763.7 IU; vitamin E, 50.7 IU; vitamin K, 4.4 mg; vitamin B12, 

0.044 mg; riboflavin, 8.8  mg; d-pantothenate, 26.5 mg; niacin 55.1 mg; thiamine, 3.3 mg; pyridoxine, 3.3  mg; 

folic acid, 1.21 mg; biotin, 0.28 mg; phytase, 661.4 FTU and chromium, 0.4 ppm.
 

 5
Used to color code control diet.
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Table 2. Analyzed fatty acid composition and quality parameters of the animal-vegetable 

blend used in this study 

 

 

Item Concentration 

Fatty acids, %  

 16:0, %
1
 15.58 

 18:0, % 8.00 

 18:1, % 44.49 

 18:2, % 24.40 

 18:3, % 2.17 

 Other fatty acids
2
 5.36 

Calculated IV value
3
 88 

Moisture, %  0.1 

Insoluble impurities, % 0 

Unsaponifiable matter, % 1.35 

Free fatty acids, % 8.62 

Peroxide value (initial), meq/kg 8.60 

1
Percentage by weight. 

 2
Comprised of 2% or less of each of the following fatty acids including: 12:0, 14:0, 15:0, 17:0, 17:1, 

20:0, 20:1 and 20:2. 
 3

Determined according to the AOCS official methods (1998). 
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Table 3. Supplemental dietary animal-vegetable (A-V) blend and parity main effects on sow 

performance (least squares means) 

 

 

 Supplemental A-V blend, %   Parity 

Item
1
 0 2 4 6 SEM  1 2 3+ SEM 

Sows 84 85 84 84  
 

113 109 115  

Body weight, kg      
 

    

   At placement
2
  250.8 252.3 249.6 253.46 3.60 

 
228.9

a
 252.6

b
 273.1

c
 3.97 

   At farrowing
2
  223.1 224.3 223.5 226.9 3.72 

 
203.2

a
 224.1

b
 246.0

c
 3.32 

   At weaning
2
  220.3 222.8 222.3 224.0 2.66 

 
199.5

a
 222.9

b
 244.7

c
 2.36 

Sow ADG,
2
 kg/d -0.10 -0.12 - 0.01 -0.14 0.14 

 
-0.32

a
 -0.07

ab
 0.12

b
 0.14 

ADFI,
23

 kg 4.08 4.18 4.44 4.34 0.13 
 

3.95
a
 4.48

b
 4.34

b
 0.12 

Back fat, cm      
 

    

   At farrowing 2.12 2.15 2.11 2.14 0.05 
 

2.14 2.18 2.06 0.04 

   At weaning
4
 1.75 1.83 1.81 1.87 0.05 

 
1.85 1.80 1.79 0.05 

   Change
4,5

 -0.36 -0.31 -0.29 -0.26 0.04 

 -

0.31
ab

 -0.37
a
 -0.25

b
 0.04 

Loin depth, cm      
 

    

   At farrowing 4.72 4.68 4.71 4.71 0.16 
 

4.75 4.72 4.64 0.16 

   At weaning
2
 4.99 4.78 4.78 4.80 0.10 

 
4.65

a
 4.83

ab
 5.04

b
 0.09 

   Change
2
 0.28 0.11 0.06 0.10 0.17 

 
-0.10

a
 0.10

a
 0.42

b
 0.16 

          
1
Dietary A-V blend and parity effect interactions were not detected for any of the variables (P > 0.05).  

2
Parity effect (P < 0.01). 

3
Linear supplemental A-V blend effect (P < 0.05).

 

4
Linear supplemental A-V blend effect (P = 0.10). 

5
Parity effect (P = 0.10).

 

ab
Within parity, means without a common superscript differ (P < 0.05). 
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Table 4. Effects of supplemental animal-vegetable (A-V) blend during lactation and parity on litter performance (least squares 

means) 

 

 

  Parity 1   Parity 2   Parity 3  

Item  0 2 4 6 SEM  0 2 4 6 SEM  0 2 4 6 SEM 

Litters, n   29  27  30  27    27  29  25  28    28   29   29   29  

Pigs weaned 

per litter
1,2

  10.75 10.11 10.34 9.99 0.26  10.53 10.35 10.37 10.52 0.24  10.15 10.21 10.23 10.54 0.26 

Piglet 

mortality,
1,2

 %   7.27 11.77 10.29 14.95 2.16  9.22 10.15 9.25 9.59 2.06  14.15 10.95 12.80 9.73 2.51 

Litter weight  

at farrowing, 

kg  16.87 16.82 17.35 16.51 0.43  18.61 18.09 18.41 18.44 0.56  18.61 18.09 18.41 18.44 0.56 

Litter weight  

at weaning,
1,3

 

kg  58.68 59.04 57.99 55.29 1.85  61.17 62.17 60.94 60.64 1.97  53.94 56.91 55.79 60.11 1.66 

Litter ADG,
1,3

 

kg/d  2.11 2.14 2.09 1.95 0.09  2.26 2.32 2.24 2.23 0.11  1.95 2.13 2.07 2.31 0.09 

                   
1
Dietary A-V blend and parity interaction effect (P < 0.05). 

2
Linear supplemental A-V blend effect when analyzed within  parity 1 (P < 0.05). 

3
Linear supplemental A-V blend effect when analyzed within  parity 3+ (P <0.05). 
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Table 5. Supplementary dietary fat during lactation and parity main effects on subsequent 

reproductive performance of sows (least squares means) 

 

 

 Supplemental fat, %  Parity 

Item 0 2 4 6  1 2 3+ 

         
No Sows 84 86 84 83  111 112 114 

Sows bred < 8 d,
1
 % 58.3

a
 72.0

b
 70.2

b
 74.7

b
  64.0 70.5 71.9 

Wean to breed interval, d 9.2 7.8 7.9 8.0  9.1 7.4 8.2 

Conception rate,
1
 % 78.5

a
 89.5

b
 89.2

b
 85.7

b
  86.5 85.6 85.2 

Farrowing rate,
1
 % 71.4

a
 81.4

bc
 85.5

c
 78.6

b
  78.4 81.1 78.3 

Cull sows
 
,
1
 % 21.4

a
 16.3

ab
 13.1

b
 12.1

b
  16.2 14.3 16.7 

1
Dietary fat effect (P < 0.01). 

abc
Within supplemental fat and within parity, means without a common superscript differ (P < 0.05). 
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Table 6. Sow body temperature and respiration rate during first and third week of lactation 

(least squares means). 

 

 

  
Week of 

lactation   
Parity 

 

  

Wk 1 Wk 3 SEM 

 

1 2 3+ SEM 

          Body Temp. ºC 

              Rectal
1,2

    39.04 39.52 0.05 

 

39.31
a
 39.37

a
 39.15

b
 0.06 

     Back
3
 

 

36.71 37.06 0.09 

 

36.77 37.01 36.88 0.12 

     Flank
1
 

 

36.68 37.36 0.08 

 

36.89 37.16 37.02 0.11 

     Mammary Gland
3
 

 

37.89 38.27 0.08 

 

37.86
a
 38.22

b
 38.09

b
 0.10 

          Respiration Rate
1,2,4

 

 

48 69 1.77 

 

51
a
 62

b
 64

b
 2.31 

            
1
Week effect (P < 0.05). 

2
Parity effect (P < 0.05). 

3
Week effect (P < 0.001). 

4
Within week of lactation and parity, means without a common superscript differ (P<0.05). 
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Figure 1. Effect of supplemental dietary A-V blend during lactation on ADFI and average 

daily energy intake. Symbols represent least square means ± SEM. 
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Figure 2. Effect of supplemental dietary A-V blend during lactation on gain:feed and 

gain:energy intake ratios. Symbols represent least square means ± SEM. 
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CHAPTER III: 

Response of the modern lactating sow and progeny to source and level of supplemental 

dietary fat during high ambient temperatures 
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ABSTRACT 

 

The objective of this study was to determine the response to increments of two sources of 

dietary fat on sow and progeny performance during high ambient temperatures. Data were 

collected from 391 sows (PIC Camborough) from June to September in a 2,600-sow 

commercial unit in Oklahoma. Sows were assigned randomly to a 2 x 3 factorial arrangement 

and a control diet without added fat. Factors included: 1) fat sources: animal-vegetable blend 

(A-V blend; 14.5% FFA, IV = 89, peroxide value: initial = 4.2, 4 hr AOM= 102, and 24 hr 

AOM= 140 mep/kg and anisidine value = 23) and choice white grease (CWG; 3.7% FFA, IV 

= 62, peroxide value: initial = 9.8, 4 hr AOM = 34, and 24 hr AOM= 228 mep/kg and 

anisidine value = 5) and 2) fat level (2, 4 and 6%). Diets were corn-soybean meal based with 

8.0% dried distillers grains with solubles and 6.0% wheat middlings, and contained 3.56 g 

standardized ileal digestible lysine/Mcal ME. Sows were balanced by parity, with 192, and 

199 sows representing parity 1, and 3 to 5 (P3+), respectively. Feed refusal increased linearly 

(P<0.001) and feed intake increased with addition of A-V blend. Caloric intake increased 

linearly (P<0.01) with increasing fat. Sows fed CWG diets reduced (linear effect, P<0.05) 

BW lost during lactation.  Litter growth rate was not affected by additional fat. Addition of 

CWG improved G:F (sow and litter gain relative to feed intake) compared to A-V blend and 

control diet (P<0.05; 0.50, 0.44, and 0.43, respectively). Gain:energy was greater for CWG 

(P<0.05; 0.146 kg/Mcal ME) than A-V blend (0.129), but was not greater than the control 

diet (0.131). Addition of A-V blend and CWG both improved conception and farrowing rates 

and subsequent litter size compared to the control diet. In conclusion, caloric intake increased 

with the addition of fat. The A-V blend presented a higher amount of aldehydes (quantified 
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by anisidine value) and was more susceptible to oxidation, resulting in lower feed efficiency 

than CWG. Subsequent litter size and reproductive performance benefited by inclusion of 

both sources of fat.  

Key Words: fat, lactation, oxidation, sow. 

Introduction 

Benefits of supplemental fat in lactation diets have been demonstrated by several 

researchers (Stahly et al., 1980; Shurson and Irvin, 1992; Averette et al., 1999), especially 

when sows experience heat stress during summer months (Coffey et al., 1982; Neil et al., 

1996; Spencer et al., 2003). Due to the high energy density of fat and low heat increment 

associated with digestion and metabolism (O’Grady et al., 1985; Schoenherr et al, 1989), 

greater caloric intake by sows may be expected (Schoenherr et al., 1989; Pettigrew and 

Moser, 1991; Tilton et al., 1999). This results in a reduction of sow body weight loss (Stahly, 

1980) and an increase in litter growth (Averette et al., 1999; Gatlin et al., 2002). Moreover, 

heat stress is detrimental to the subsequent reproductive performance of lactating sows (Clark 

et al., 1986; Fernandes et al., 1990) and may reduce subsequent litter size. Supplemental 

dietary fat may reduce these negative effects of heat stress (Shurson et al., 1986). However, 

feed processing may limit the level of additional fat in diets. It is suggested that levels of fat 

greater than 5.6% decrease pellet quality (Briggs et al., 1999), which may increase the 

amount of fines and consequently feed wastage.   

Many sources of fat are available for the swine industry. Fats differ in quality and 

nutritional value. For many years, variables such as free fatty acids, fat stability and fatty acid 

composition have been used to determine the quality of the fats (Wiseman, 1986; Shahidi and 
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Wanasundara, 2008; O’Brien, 2009). Fats apppear to have higher nutritional value when free 

fatty acids are low and level of unsaturation is high (Powles et al., 1995; Wiseman, 1990). In 

addition, recent attention has been given to the oxidation of fats because of the potential 

impact on the health of the gastro-intestinal tract (Hall and Bosken, 2009).  

 Thus, the objective of the present study was to determine the response of the modern 

lactating sow to incremental supplemental fats of different quality during high ambient 

temperatures.  

Materials and Methods 

Animals were treated humanely and procedures were consistent with the Guide for 

the Care and Use of Animals in Agricultural Research and Teaching (FASS, 2010).  

Animal management and dietary treatments. A total of 391 sows (PIC line 

Camborough) were selected and placed in the farrowing facility of a 2,600 sow commercial-

research farm located in Oklahoma during summer months (June to September, 2010).  Daily 

temperatures averaged 27±3°C and humidity was 61±10% inside of the commercial building 

during the study. Sows were balanced by parity within dietary treatments, with 192 and 199 

sows representing parity 1 and 3 to 5 (P3+), respectively. Sows were randomly (within 

parity) assigned to a 2 x 3 factorial arrangement and a control diet. Factors included: 1) fat 

sources: animal-vegetable blend (A-V blend) or choice white grease (CWG; Sooner Trading 

LLC, Ravia, OK) and 2) dietary fat level: 2, 4 or 6%. Diets were corn-soybean meal based 

with 7.5% dried distillers grains with solubles and 6.0% wheat middlings (Table 1). Diets 

were formulated to a constant nutrient to ME ratio, including amino acids, Ca, P and vitamins 

and minerals; diets contained 3.56 g standardized ileal digestible lysine/Mcal ME. Grain and 
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protein ingredients were kept constant across diets to eliminate the potential impact of 

changes in ingredient composition on sow performance. Thus, nutrient to energy ratios were 

maintained by exchanging synthetic amino acids, macro-mineral sources and the vitamin-

mineral premix only. All nutrients exceeded the NRC (1998) requirements for lactating sows, 

supporting 2,600 g litter growth per d. Three diets (control, 6% A-V blend and 6% CWG) 

were manufactured in a commercial feed mill (Hanor Company, Enid, OK) and chemically 

verified. Dietary A-V blend and CWG were supplemented before pelleting. The other four 

dietary treatments were obtained by blending the control and either 6% A-V blend or 6% 

CWG diet in order to achieve 2 and 4% supplemental fat of each source. Diets were blended 

to create one of the seven diets and then delivered individually to sows by a computerized 

feeding system (Howema, Big Dutchman, Germany). Sows were fed twice daily to appetite 

and had ad-libitum access to water. Feed offered to sows was recorded from farrowing to 

weaning. Feed refused by sows (mainly fines and feed in poor condition) was collected daily 

and the weight was recorded. Feed intake was estimated from the difference between feed 

offered and feed refused by sows.  

Sow performance. Sows were weighed individually at placement (110±2 d of 

gestation) and at weaning (22±2 d). Sow weight at farrowing was estimated assuming 0.7 kg 

daily gain from the day of placement to the day of farrowing based on a daily ME intake of 8 

Mcal (Close et al., 1984), minus litter weight at birth, which included pigs born alive, still-

born pigs and mummies, and the estimated weight of the placenta and fluid (Noblet et al., 

1985). Sow growth rate was calculated as the difference between weight at weaning and 

estimated weight at farrowing divided by the number of days of the lactation period. Back fat 
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and loin depth were measured in a subset of 328 sows (15 groups) at d 112±2 of gestation 

and at weaning using real-time ultrasound (PigLog 105, SFK-Technology, Denmark). 

Measurements were taken at two points on the sow, between the 9
th

 and 10
th

 rib, 10 cm from 

the mid-line and between the 3
rd

 and 4
th

 vertebrates of the spine, 10 cm from the mid-line of 

the sow. These points of measurement were marked with a red marker on each sow, such that 

measurements were made in the same location at both time points, which allowed us to 

minimize variation between sampling.  

Litter performance. Litter information was recorded, including pigs born alive, still-

born pigs and mummies. Cross-fostering was conducted during the first day of lactation after 

18-24 h to allow for colostrum intake from their mothers. Litter size was standardized to 

12±0.6 pigs according to the standard operating procedures of the commercial farm. Litter 

growth rate was calculated as the difference between the weight of the litter at weaning and 

the intial litter weight (after cross-fostering) divided by the number of days in the lactation 

period. Piglet mortality was recorded for each litter. Pigs did not have access to creep feed or 

supplemental milk during the experiment.  

Subsequent reproductive performance. After weaning, sows were returned to the 

breeding building where subsequent reproductive performance was measured. Data included 

the number of sows bred within the first 8 d after weaning, wean to breeding interval, 

conception rate, farrowing rate, and number of sows culled. In addition, subsequent litter 

information, including pigs born alive, still-born pigs and mummies was collected.  

 Feed and fat analysis. Feed samples were analyzed for CP, fat, Ca and P (Dairy One, 

Ithaca, NY). Analysis of standard pellet durability index (PDI) of feed samples was 
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conducted at the North Carolina State University feed mill. Duplicate composite samples 

(from each diet collected weekly) of 500 g were tumbled during 10 min and PDI was 

calculated as the amount of pellets after tumbling divided by the amount of the original 

sample (ASAE, 1997). The composition and quality of the fat (Table 2) was determined in 

representative samples (combined from 4 fat samples taken before a batch of feed was 

manufactured) by a commercial laboratory (New Jersey Feed Laboratory Inc., Trenton, NJ) 

using AOAC (1999) procedures. 

Statistical Analysis.  For feed intake and sow and litter performance analysis, a 

completely randomized design was used as the model and analyzed using the Mixed 

procedure of SAS (SAS Inst. Inc., Cary, NC). The farrowing facility used was divided into 8 

sections with 20 to 24 individual crates. Due to the facility and flow restrictions of the farm, 

two sections of 20 to 24 sows were placed on the study every week for 9 consecutive weeks 

(18 groups). Sow parity was used as an independent (control) variable in the model. It varied 

from 1 to 2 sows per parity within each treatment in each group. The fitted model 

corresponded to a mixed linear model (SAS Institute, 2006) which included source and level 

of fat, parity and source and level of fat by parity interaction the fixed effects. Group and 

sows nested within group and dietary treatment were considered as random effects in the 

model. We detected statistical differences for initial litter weight and used it as a covariate to 

analyze litter performance. Analysis of back fat and loin depth was performed with the same 

statistical model described above, but using 328 sows that represented 15 groups. After sows 

were weaned, 4 sows died (one from 6% CWG, two from 6% A-V blend, and 1 from 2% 

CWG treatments). The remaining 387 sows were used for analysis of subsequent 
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reproductive performance. When the response was binary (i.e., sow bred, sow no bred), the 

total number of successes were counted across all replicates and Poisson regression model 

(Ott and Longecker, 2001) was fitted to the number of successes with source and level of fat, 

parity and source and level of fat by parity interaction as fixed effects and the total number of 

sows as an offset variable. SAS software Genmod procedure (SAS Institute, 2006) was used 

for the analysis. From the 299 sows that farrowed in the next cycle, subsequent litter data 

were collected. Information included total pigs born, pigs born alive, still-born pigs and 

mummies. Similar to feed intake and sow and litter performance, subsequent litter data were 

analyzed using a completely randomized design using the Mixed procedure of SAS. Degrees 

of freedom, least squares means and standard errors were calculated applying the 

Satterthwaite’s correction method (SAS Institute, 2006). For all variables, dietary treatment 

degrees of freedom were partitioned into orthogonal contrasts (Littell et al., 2002) to evaluate 

linear and quadratic effects of supplemental fat. 

Results 

 Sow feed intake. During this study, lactating sows consumed 4.36±0.13 kg/d of diet. 

Addition of CWG in lactation diets did not affect ADFI (P=0.312; 4.20 and 4.33 kg/d for 

control and diets supplemented with CWG, respectively). When increments of A-V blend 

were added to diets, ADFI tended to increase linearly (P=0.072; Table 3). Average daily 

energy intake (ADEI) was significantly higher (P<0.001) for sows fed additional fat (15.13 

Mcal ME/d) than those not fed additional fat (13.70) and this increase was linear (P<0.01; 

Table 3) with increasing increments of supplemental A-V blend and CWG. Increasing levels 

of supplemental dietary A-V blend and CWG decreased pellet quality measured by PDI 



65 

 

(linear effect, P<0.01; Figure 1). Feed refused by sows increased with increasing increments 

of fat (linear effect, P<0.001; Figure 2). PDI reduced (PDI=93.32‒2.49 ⋅% supplemental fat) 

with increments of the two sources of fat (r
2
=0.817; P<0.0001).  

Sow performance. Additional dietary fat did not affect weight of lactating sows at 

weaning (P=0.599). As expected, P3+ sows were heavier (P<0.001; data not shown) than 

parity 1 sows at placement (276.9 and 207.6 kg, respectively), farrowing (246.9 and 184.4) 

and weaning (241.9 and183.4). Sows fed CWG tended to lose less weight (P=0.054; -0.02 

kg/d) than sows fed control diets (-0.27) and A-V blend diets (P=0.060; -0.19). Sow weight 

loss during lactation was linearly reduced (P<0.05; Table 4) with increasing CWG 

supplementation. Sows were placed before farrowing with 1.98 ±0.07 cm of back fat and 

were weaned with 1.69±0.06 cm (data not shown). Sows lost 0.29±0.06 cm of back fat 

during lactation but supplemental A-V blend or CWG did not have an effect. Also, addition 

of fat did not affect loin depth, which averaged 5.10±0.16 cm at placement and 4.86±0.17 cm 

at weaning.  

Litter performance. Piglet mortality tended to increase with the addition of dietary 

CWG (P<0.1; Table 4). However, sows nursed more pigs when they were fed 2% CWG 

(P<0.05; 11.14 weaned pigs) than those fed 6% CWG (10.64), but not more than sows fed 

control and 4% CWG diets (10.83 and 10.72, respectively; Table 4). Higher (P<0.05; Table 

4) initial litter weight was detected for sows fed dietary fat (18.10 kg) than those fed the 

control diet (17.38). Consequently, initial litter weight was used as a covariate for analysis of 

litter performance. After cross-fostering, piglets were heavier (P<0.001; data not shown) for 

P3+ sows than those for parity 1 sows (18.99 and 17.01 kg, respectively). Nevertheless, 
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weight of the litter at weaning was not different between parities (P=0.169; 65.33 and 63.97, 

respectively). Supplemental A-V blend and CWG did not affect (P=0.355) weight of litters at 

weaning. Litter growth rate was not different across dietary treatments (P=349).  

 Feed efficiency. Total gain (sow and litter gain during lactation) improved with 

addition of CWG (P<0.03; 2.11±0.12 kg/d), but not with A-V blend (1.92) compared with 

control diet (1.80; data not shown). Gain:feed ratio (measured as total gain relative to feed 

intake) tended to improve with increasing levels of CWG (P=0.058; 0.43, 0.52, 0.44 and 0.54 

for 0, 2, 4 and 6%, respectively; Figure 3). Supplementation of A-V blend did not affect 

(P=0.276; 0.45, 0.41 and 0.47) G:F ratio compared to the control diet.  Overall, G:F ratio was 

higher for sows fed supplemental CWG (P<0.05; 0.50) than those fed A-V blend (0.44) and 

control diet (0.43). Furthermore, gain:energy (measured as total gain relative to caloric 

intake) was greater for sows fed CWG (P<0.03; 0.146 kg/Mcal ME) than those fed A-V 

blend (0.129), but not than those fed the control diet (0.131; Figure 4).  

Subsequent reproductive performance. Data collected during the study indicated that 

86% (334 sows) of sows were detected in heat and consequently bred.  This number was 

positively affected by the addition of dietary fat during lactation (P<0.001; 79.1 and 87.6% 

for control and fat diets, respectively). Significantly more parity 1 sows were detected in heat 

than P3+ sows (P<0.05; 89.9 and 81.1% of sows, respectively). All P3+ sows fed 2% A-V 

blend during lactation were bred (Table 5). Approximately 73% of the 387 weaned sows 

were bred during the first 8 d post-weaning. This proportion was greater for sows fed 

additional fat during lactation (P<0.01; 74.6%) than those not fed additional fat (63.2). 

However, sows supplemented with A-V blend responded better (P<0.05; 76.9%) than those 
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supplemented with CWG (72.3). Nevertheless, the percentage of sows fed CWG and 

detected in heat the first 8 d post-weaning improved linearly with increasing increments 

(P<0.001; Table 5).  

About 77% of the weaned sows farrowed (representing about 90% of the total sows bred). 

Supplementation of either A-V blend (P=0.004; 78.7%) or CWG (P=0.002; 78.9) improved 

the proportion of sows that farrowed during the next cycle compared to the control diet 

(68.5).  The increasing levels of both sources of fat benefited this proportion linearly 

(P<0.05; Table 5). Wean to conception interval in the subsequent cycle averaged 7.62±1.39 d 

and was not affected (P=0.383; data not shown) by supplementation of fat during lactation. A 

total of 77 sows (about 20%) were culled during this study. Sows that did not receive 

supplemental fat during lactation were more likely to be culled (P<0.05; 27.9 and 18.5% of 

sows, respectively). For sows fed the control diet, P3+ sows contributed more (P<0.001; 

37.9%) to the culling rate than parity 1 sows (17.9; Table 5).     

Subsequent litter size. For sows that farrowed a subsequent litter, CWG but not A-V 

blend increased total pigs born (linear effect, P<0.05; Table 6). A statistical difference in 

litter size (P<0.001) between parities was detected only for sows fed CWG (12.29 and 14.24 

pigs for parity 1 and P3+, respectively). The number of pigs born alive increased (linear, 

P<0.05) with increasing levels of fat (Table 6). The number of still-born pigs and number of 

mummies at farrowing were not affected by supplemental fat (P>0.05). Number of still-born 

pigs was higher (P<0.001) for P3+ sows than for parity 1 sows (1.49 and 0.82 still-born pigs, 

respectively).  
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Discussion 

Fat is used extensively as a supplemental ingredient in swine diets. Nutritionally, fat 

is a highly concentrated source of energy, providing essential fatty acids to the organism and 

has a lower heat increment associated with digestion and metabolism than carbohydrates, 

fiber, or protein (O’Grady et al., 1985; Schoenherr et al., 1986; Schoenherr et al, 1989). 

Consequently, several studies have shown enhanced animal performance when fat was added 

to diets, especially when fed to animals experiencing heat stress during hot summer months 

(Coffey et al., 1982; Arwood and Harmann, 1992; Messias de Branganca, 1998). Special 

attention has been given to the use of supplemental fat during lactation because sows have a 

high demand for energy and nutrients needed for milk production (Boyd and Kensinger, 

1998). Poor nutrition during lactation may detrimentally affect not only the sow and litter 

performance (Quiniou and Noblet, 1999) but also subsequent reproductive performance 

(Clark et al., 1986; Fernandes et al., 1990). Important benefits for the use of supplemental 

dietary fat in lactating sows have been reported by several researchers. For instance, 

supplementation of 10.6% CWG positively affected milk yield and litter growth rate when 

sows were exposed to 32˚C (Schoenherr et al., 1989).   

A wide range of fat sources are available for livestock nutrition. Rendered animal fats 

and recycled restaurant oils represent a significant proportion of sources used for animal 

nutrition (Meeker, 2009). The two sources used in this present study were A-V blend, 

defined as a blend of feed grade animal fats, poultry fats, vegetable oils, restaurant grease and 

may include soap stock; and CWG, which is defined as the fat rendered from pork tissue 

(AFAO, 1999). The nutritional value of fats is commonly determined by the fatty acids 
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composition, free fatty acids content, stability, and other chemical characteristics. Greater 

chemical changes may be expected in A-V blends because the recycled restaurant oil 

proportion has been exposed to processing, such as refining, cracking, rendering and heating 

(Wiseman, 1986).   

In the present study, as expected, iodine value (IV), which is a measure of 

unsaturation of fat, was higher for A-V blend than CWG (Table 2). Fats with a high IV are 

more unsaturated and have been shown to be more digestible in growing pigs (Stahly, 1980; 

Powles et al., 1994).  Free fatty acid content was higher for A-V blend (14.5%) than CWG 

(3.7). Even though high levels of free fatty acids  seem to reduce the digestibility of fats 

(Powles, 1995), animal performance may be affected only with levels greater than 35% 

(DeRouchey et al., 2004). Initial peroxide value (PV) was not different between the two 

sources of fat (Table 2) and these values (4.2 and 9.8 meq/kg for A-V blend and CWG, 

respectively) are considered low-rancid fats (Meeker, 2009). However, exposure to oxygen 

(active oxygen method) for 4 hr, increased PV for A-V blend rapidly, suggesting a higher 

susceptibility to oxidation (formation of hydroperoxides) than CWG. Secondary products of 

oxidation such as aldehydes are measured by anisidine value, which seem to be detrimental 

to animal performance at levels higher than 10.6 (DeRouchey et al., 2004). The A-V blend in 

our study had a value of 23, suggesting higher amounts of aldehydes and poorer quality of 

fat, presumably due to exposure to air, repeated heating and water of the recycled fat portion 

in A-V blend. 

 In the present study with our sows fed ad-libitum, A-V blend but not CWG had a 

positive effect on feed intake compared to the control diet in lactating sows housed in 
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moderately high temperatures (mean was 27±3°C and maximum averaged 29±2.3ºC). This 

was above the evaporative critical temperature (22ºC; Black et al., 1993); above this 

temperature sows become heat stressed.  Similar to our previous study (Rosero et al., 2010), 

we showed a linear increase in feed disappearance with increasing levels of A-V blend. 

Schoenherr et al. (1989) reported a higher feed disappearance for sows fed 10% supplemental 

CWG compared to sows not fed supplemental fat when sows were housed under heat stress 

conditions (32ºC). Moreover, O’Grady et al. (1985) reported an increase in energy intake 

when fat was supplemented to lactating sows, in spite of feed intake limitations due to 

external factors such as high temperatures. In our study, because of the increase in feed 

intake for A-V blend and the higher energy density of both fats, we observed a linear 

increase in the energy intake by sows. These results confirm the observations of Tilton et al. 

(1999), who found a greater energy intake in sows when 10% tallow was added to lactation 

diets, even though differences in feed intake were not detected.  

During feed processing, the use of fat improves physical texture of pellets and 

reduces dust and feed waste (Wiseman and Garnsworthy, 1997). However, levels of fat 

higher than 5.6% seemed to negatively impact pellet quality (Briggs et al., 1999). In the 

present study, addition of 6% fat (A-V blend and CWG) dramatically decreased pellet quality 

(Figure 1). This decrease in pellet quality may explain the increase in feed refused by sows 

with increasing levels of fat (Figure 2). Feed refused by sows was composed mainly of fines 

and feed which was not in acceptable condition collected from feeders. A higher correlation 

was observed between pellet quality and feed refused by sows supplemented with A-V blend 

than CWG.  
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We did not observe differences in sow body weight at weaning among dietary 

treatments. All sows lost weight during lactation, as expected in high producing sows. 

Different results were observed by Stahly et al. (1980), who reported no loss in body weight 

when 10% safflower oil was supplemented. For the analysis of daily weight loss of sows, a 

linear positive effect was observed only when CWG was supplemented. In fact, sows fed 6% 

CWG gained 0.11 kg/d. Perhaps, CWG had better energy availability than A-V blend to 

lactating sows.  

In our study, back fat thickness in lactating sows at placement averaged 1.98 cm, 

which is similar to the 2 cm of back fat proposed by Yang et al. (1989) needed for optimal 

reproductive performance. Sows were weaned with 1.69 cm of back fat. Researchers have 

reported a significant reduction of back fat in sows during lactation; especially those exposed 

to high ambient temperatures (Neil et al., 1996; Sinclair et al., 1996). However, supplemental 

fat during lactation may reduce mentioned detrimental effects. In observations by Shurson 

and Irvin (1992), sows fed 10% corn oil increased back fat thickness by 1 mm after lactation 

period. Previously, we observed 7% increase (1.3 mm) in back fat for sows at weaning when 

they were fed 6% A-V blend compared to those not fed supplemental fat (Rosero et al., 

2010). However, in the present study we did not find any difference between dietary 

treatments. Similarly, loin depth (averaged 4.86 cm) was not affected by addition of A-V 

blend or CWG.  

Pigs were cross-fostered in accordance with standard operating procedures in the 

farm. We recorded similar initial litter size for all dietary treatments. Furthermore, piglet 

survival was negatively affected when sows were fed high levels (4 and 6%) of supplemental 
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CWG. Among sows fed A-V blend, we did not detect differences in piglet survival. 

Consequently, the number of pigs weaned from sows fed A-V blend was not different with 

increasing levels. The reduction in piglet survival with high levels of CWG resulted in a 

reduction in the number of pigs weaned. This is similar to the findings of Averette et al. 

(1999), who reported a reduction in the number of pigs weaned from sows fed 10% 

supplemental CWG compared with sows not fed fat. In a previous review, Pettigrew (1981) 

concluded that the use of dietary fat in lactation diets had benefit effects on piglet survival 

only when piglet mortality was higher than 20% in the herd. Piglet mortality in the 

commercial-research farm was 14% when the experiment started. Under Pettegrew (1981) 

conclusions, we did not expected improvements in piglet survival for the present study. We 

did not detect any difference between sources and levels of dietary fat on litter performance. 

These observations were similar to our previous study (Rosero et al, 2010) where level of fat 

did not affect litter performance. Contrary, some researchers have reported improvements in 

litter weaning weight and litter growth rate for sows fed supplemental dietary fat (Averette et 

al., 1999; Gatlin et al., 2002). More recently, Lauridsen et al. (2004) reported a 19% increase 

in litter growth rate for sows fed 8% supplemental fat compared with sows not fed 

supplemental fat. Increased litter growth rate may be related to an increase in sow milk fat 

content (Boyd et al. 1982) and IGF-I and IGF-II in milk (Averette et al., 1999). Digestibility 

of milk fat by piglets has been reported to be 96% (Cranwell and Moughan, 1989), which 

positively contributes to energy intake by piglets and their growth. In addition, these piglets 

are expected to have better performance after weaning. For instance, improvements in 
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postweaning survival were reported by Stahly et al. (1980) and Tilton (1999). Additionally, 

Averette et al. (1999) reported an increase of 25% in ADG for postweaning pigs. 

In the present study we observed that sows can convert 1 kg of feed into 0.47±0.03 kg 

of weight (including sow and litter body weight). Feed efficiency was improved with CWG 

but not with A-V blend. In fact, CWG resulted in higher feed efficiency than A-V blend. This 

may be a direct effect of the higher feed intake by sows fed A-V blend in combination with 

the lack of response in sow and litter performance. The difference in fat quality may have 

contributed, in part, to the results we observed. A greater amount of aldehydes (as indicated 

by a high anisidine value) and a higher susceptibility to formation of hydroperoxides (PV 

measured by the active oxygen method) was found in A-V blend compared with CWG. 

These primary (hydroperoxides) and secondary (aldehydes) products of fat oxidation have 

received special interest (Hall and Bosken, 2009) for their potential impact on gut health. 

Highly oxidized fats may compromise the antioxidant system in the gastrointestinal tract (Aw 

et al., 1992; Wingler et al., 2000; LeGrand and Aw, 2001), leading to intestinal damage (Aw, 

1994) and inflammation (Libby, 2006) and subsequently reduced nutrient absorption. In the 

current study, we measured an anisidine value of 23 for A-V blend, which was well above 

the suggested maximum value of 10.6 for weanling pigs (DeRouchy et al., 2004). In addition, 

formation of aldehydes continues during digestion (Kanzawa et al., 1985). Thus, we may 

speculate that the quality of A-V blend may have affected G:F ratio. 

High ambient temperatures may be detrimental for the successful rebreeding of sows 

and their subsequent performance. For instance, Clark et al. (1986) observed a longer wean 

to breeding interval during the summer months. However, supplementation of fat seemed to 
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be beneficial for the subsequent reproductive performance of sows (Cox et al., 1983; Britt, 

1986; Shurson et al., 1986). In our previous study (Rosero et al., 2010), we observed more 

sows bred and farrowed when they were fed fat during lactation compared with sows not fed 

fat. Similarly in the present study, we observed important improvements in the number of 

sows detected in heat in the first 8 d after weaning, conception, and farrowing rate when 

sows were fed supplemental fat during lactation compared with those not fed supplemental 

fat. 

USDA (2005) reported an average of 17.5% culling rate for a period of six months 

during winter season 2000, and measured in several commercial sow units. This number may 

increase during summer months, when physical and reproductive problems increase. In the 

present study, approximately 25% of the sows were culled. Addition of fat to lactation diets 

reduced culling rate compared with diets with no additional fat (18.5 and 27.9 % for fat and 

control diets, respectively).  

In a study conducted by Shurson et al. (1986) subsequent litter size was unaffected by 

supplementation of fat to sows during their previous lactation. Similarly, we did not observe 

differences in litter size in our previous study (Rosero et al., 2010). Bilkei (1995) concluded 

that the effect of supplemental fat on subsequent litter size was not consistent. However, in 

the current study we observed a positive impact in the subsequent reproductive cycle in total 

pigs born and pigs born alive when sows were fed additional fat during their previous cycle. 

Implications 

High levels of supplemental fat reduced pellet durability, which increased the amount 

of feed wasted in the farm. Fat supplementation during lactation improved the caloric intake 
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by sows, but no clear benefits were observed for sow and litter performance during lactation. 

However, addition of fat improved subsequent reproductive performance and subsequent 

litter size. Moreover, supplementation of high levels of choice white grease but not animal-

vegetable blend improved feed efficiency of lactating sows. This difference appeared to be 

related to the quality of the fat sources used. It is plausible that susceptibility of animal-

vegetable blend to oxidation resulted in less availability of nutrients for the lactating sow. 

Therefore, further research is necessary to investigate effects of oxidized fats on nutrients 

digestibility and reproductive performance of sows.  
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Table 1. Composition of the experimental diets (as-fed basis)
1 

 

 

No Fat Animal-Vegetable Blend Choice White Grease 

Fat levels, % 0 2 4 6 2 4 6 

Ingredient, % 

       Corn, medium grind 51.64 49.43 47.35 45.14 49.45 47.38 45.19 

Soybean meal, 46.5% CP 31.00 31.00 31.00 31.00 31.00 31.00 31.00 

Corn distillers grains with soluble 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

Wheat middlings 6.00 6.00 6.00 6.00 6.00 6.00 6.00 

Fat 0.00 2.00 4.00 6.00 2.00 4.00 6.00 

L-lysine 0.05 0.10 0.14 0.19 0.09 0.14 0.18 

DL-methionine 0.00 0.01 0.02 0.03 0.01 0.02 0.03 

L-threonine 0.01 0.04 0.06 0.09 0.03 0.06 0.08 

Limestone 1.24 1.27 1.30 1.33 1.27 1.30 1.33 

Monocalcum phosphate, 21% P 0.80 0.70 0.60 0.50 0.85 0.89 0.94 

Salt 0.40 0.40 0.41 0.41 0.40 0.41 0.41 

Potassium, magnesium sulfate
 2
 0.50 0.65 0.79 0.94 0.50 0.50 0.50 

Sow vitamin and mineral premix
3
 0.20 0.20 0.21 0.21 0.20 0.21 0.21 

Choline chloride, 60% 0.13 0.13 0.13 0.13 0.13 0.13 0.13 

Iron oxide
4
 0.05 0.04 0.04 0.03 0.03 0.02 0.00 

        Calculated composition 
       

ME, Mcal/kg 3.26 3.36 3.45 3.55 3.35 3.44 3.53 

Total Fat, % 3.60 5.54 7.36 9.30 5.54 7.36 9.30 

Total lysine, % 1.05 1.08 1.11 1.15 1.12 1.19 1.26 
        1 

Diets were formulated to exceed NRC (1998) requirements. 
2 
Dynamate. Added as a laxative. 

3 
Supplied per kg of complete diet: Zn, 125 mg; Fe, 100 mg; Mn, 50 mg; Cu, 24.98 mg; I, 0.7 mg; Se, 0.3 mg; vitamin A, 11023 IU; vitamin 

D3, 1763.7 IU; vitamin E, 50.7 IU; vitamin K, 4.4 mg; vitamin B12, 0.044 mg; riboflavin, 8.8  mg; d-pantothenate, 26.5 mg; niacin 55.1 mg; thiamine, 3.3 

mg; pyridoxine, 3.3  mg; folic acid, 1.21 mg; biotin, 0.28 mg; phytase, 661.4 FTU and chromium, 0.4 ppm.
 

4 
Used to color code control diet.
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Table 2. Analyzed fatty acid composition and quality parameters of the sources of fat used in 

this study. 

 

 

 
Fat sources 

Item Animal Vegetable blend Choice White Grease 

Fatty acids, % 
  

 14:0, %
1
 0.52 1.27 

 16:0, % 15.89 24.02 

 16:1, % 0.84 2.54 

 18:0, % 7.35 13.53 

 18:1, % 44.42 41.63 

 18:2, % 26.91 12.59 

 18:3, % 1.14 0.47 

 Other fatty acids
2
 4.29 4.42 

Anisidine value 23 5 

Calculated IV value
3
 88 62 

Moisture, % 0.4 0 

Insoluble impurities, % 0.08 0.16 

Unsaponifiable matter, % 1.8 1.2 

Free fatty acids, % 14.5 3.7 

Peroxide value, meq/kg 
  

 Initial  4.2 9.8 

 4 hr AOM
4
 102 34 

 24 hr AOM 140 228 

Gross Energy
5
, cal/g 9373 9322 

 1
Percentage by weight. 

 2
Comprised of 2% or less of each of the following fatty acids: 12:0, 15:0, 17:0, 20:0, 20:1, 

20:2. 20:3, 20:4, 22:0, 22:4 and 24:0. 
 3

Calculated from fatty acids composition according to the AOCS official method (1998). 
 4

AOM, active oxygen method (IUPAC, 1979). 
 5

Gross energy measured using a bomb calorimeter (C5000, IKA Werke, Germany). 
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Table 3. Apparent caloric intake and sow performance estimated means for level and source of supplemental fat
1
. 

 

 

 
No fat 

 
A-V blend 

 
CWG 

  

Fat level, % 0 
 

2 4 6 
 

2 4 6 
 

SEM 

Sows, n
2
 57 

 

55 57 55 

 

56 55 56 

  
ADFI

3,4
, kg/d 4.20 

 

4.36 4.50 4.46 

 

4.36 4.38 4.26 

 

0.13 

ADEI
3,5

, Mcal ME/d  13.70 

 

14.71 15.52 15.82 

 

14.62 15.05 15.06 

 

0.46 

BW, kg
 

           
 Placement 245.5 

 

238.3 244.7 241.7 

 

242.8 242.8 239.9 

 

3.5 

 Farrowing 220.0 

 

212.3 218.3 214.0 

 

215.1 215.3 214.3 

 

3.5 

 Weaning 214.1 

 

208.2 212.9 210.1 

 

214.1 212.5 216.5 

 

3.3 

Sow ADG
6
, kg/d -0.27 

 

-0.18 -0.24 -0.16 

 

-0.05 -0.11 0.11 

 

0.11 
            1

Fat sources used were: animal-vegetable blend (A-V) and choice white grease (CWG). 
2
Supplemental source X level or addition of fat X parity effect interactions were not detected for any of the variables (P > 0.05). 

3
Calculated average daily feed intake (ADFI) and average daily energy intake (ADEI). 

4
Linear tendency for supplemental A-V blend (P< 0.1). 

5
Linear effect for supplemental A-V blend and CWG (P < 0.01). 

6
Linear effect for supplemental CWG (P < 0.05). 
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Table 4. Litter performance estimated means for level and source of supplemental fat
1
. 

 

 

 

No fat 

 

A-V blend 

 

CWG 

  
Fat level, % 0 

 

2 4 6 

 

2 4 6 

 
SEM 

            Litters
2
, n 57 

 

55 57 55 

 

56 55 56 

  

Pigs placed, n 12.12 

 

12.08 12.10 12.10 

 

12.17 12.30 12.19 

 

0.10 

Piglet mortality
3
, % 11.0 

 

9.8 11.4 9.3 

 

8.5 12.9 12.5 

 

1.4 

Pigs weaned, n 10.83
ab

 

 

10.94 10.69 10.98 

 

11.14
b
 10.72

ab
 10.64

a
 

 

0.17 

Initial litter weight
4
, kg 17.38

a
 

 

17.78 17.90 18.22 

 

18.58
b
 18.21

b
 17.94

ab
 

 

0.35 

Litter weight at weaning, kg 63.6 

 

64.0 63.2 65.8 

 

66.7 64.6 64.6 

 

1.5 

Litter ADG, kg/d 2.074 

 

2.098 2.039 2.137 

 

2.209 2.103 2.101 

 

0.05 
            1 

Fat sources used were: animal-vegetable (A-V) blend and choice white grease (CWG). 
2 
Supplemental fat X parity effect interaction was not detected for any of the variables (P > 0.05). 

3
 Linear tendency for supplemental CWG (P < 0.1). 

4
 Used as a covariate in the analysis of litter performance. 

a, b
 Within fat source columns including control, means without a common superscript differ (P < 0.05). 
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Table 5. Subsequent reproductive performance observed percentages for level and source of 

supplemental fat
1
. 

 

 

 No fat 

 

A-V blend 

 

CWG 

Fat level, % 0 

 

2 4 6 

 

2 4 6 

          Sows, n 

          Parity 1 28 

 

27 26 26 

 

27 28 27 

 P3+ 29 

 

28 29 28 

 

28 27 29 

          Bred < 8 d
2,5

, % 

          Parity 1 67.9
a
 

 

70.4
ab

 80.8
b
 80.8

b
 

 

70.4
a
 71.4

a
 81.5

b
 

 P3+ 58.6
a
 

 

89.3
b
 72.4

a
 67.9

a
 

 

75.0
b
 62.9

ab
 72.4

ab
 

          Conception rate
2,3

, % 

          Parity 1 85.7 

 

92.6 88.5 92.3 

 

88.9 92.9 92.6 

 P3+ 72.4
a
 

 

100.0
c
 79.3

a
 82.1

a
 

 

85.7
b
 74.1

a
 82.8

ab
 

          Farrowing rate
2,4,5

, % 

          Parity 1 75.0
a
 

 

74.1
a
 73.1

a
 88.5

b
 

 

81.5
ab

 85.7
b
 88.9

b
 

 P3+ 62.0
a
 

 

89.3
b
 72.4

a
 75.0

a
 

 

78.6
b
 62.9

a
 75.9

ab
 

          Culling rate
2,5,3

, % 

          Parity 1 17.9
ab

 

 

18.5
ab

 26.9
b
 11.5

a
 

 

18.5
a
 10.7

a
 11.1

a
 

 P3+ 37.9
a
 

 

3.6
c
 24.1

b
 25.0

ab
 

 

17.9
b
 33.3

a
 20.7

b
 

          1 
Fat sources used were: animal-vegetable (A-V) blend and choice white grease (CWG). 

2 
Supplemental A-V blend X parity interaction effect (P < 0.05). 

3 
Supplemental CWG X parity interaction effect (P < 0.05). 

4 
Linear effect for supplemental A-V blend (P < 0.05). 

5 
Linear effect for supplemental CWG (P < 0.05). 

a, b
 Within fat source columns including control, means without a common superscript differ (P < 0.05). 
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Table 6. Subsequent litter size estimated means for level and source of supplemental fat
1
. 

 

 

 

No fat 

 

A-V blend 

 

CWG 

  
Fat level, % 0 

 

2 4 6 

 

2 4 6 

 
SEM 

Litters
2
, n 39 

 

45 40 44 

 

44 41 46 

  
Total pigs born

3
, n 12.98 

 

13.14 13.96 14.06 

 

12.32 13.72 14.03 

 

0.50 

Pigs born alive
3,4

, n 11.76 

 

11.90 12.97 13.05 

 

11.20 12.41 12.99 

 

0.45 

Pigs still-born, n 1.25 

 

1.24 0.99 1.01 

 

1.14 1.31 1.04 

 

0.22 

Mummies, n 0.13 

 

0.17 0.19 0.12 

 

0.14 0.15 0.18 

 

0.08 

            1 
Fat sources used were: animal-vegetable (A-V) blend and choice white grease (CWG). 

2 
Supplemental fat X parity effect interaction was not detected for any of the variables (P > 0.05). 

3
 Linear effect for supplemental CWG (P < 0.05).1 

4
 Linear effect for supplemental A-V blend  (P < 0.05). 

a, b
 Within no fat and supplemental fat dietary treatments, means without a common superscript differ (P < 0.05).
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Figure 1. Main effects of level of supplemental fat on pellet durability index when animal-

vegetable blend and choice white grease was used in diets as fat sources. Symbols represent 

least square means. 
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Figure 2. Main effects of level of supplemental fat on total feed refused by sows during 

lactation period when animal-vegetable blend and choice white grease were used in dietary 

treatments. Symbols represent least square means. 
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Figure 3. Main effects of level of supplemental fat on G:F ratio when animal-vegetable 

blend and choice white grease were used in dietary treatments. Bars represent least square 

means ± SEM. Within bars, means without a common letter differ (P < 0.05). 
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Figure 4. Main effects of level of supplemental fat on Gain:Energy ratio when animal-

vegetable blend and choice white grease were used in dietary treatments. Bars represent least 

square means ± SEM. Within bars, means without a common letter differ (P < 0.05). 
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CHAPTER IV: 

Integrative Chapter 

Recommendation for source and level of fat  

In order to make a practical recommendation for producers, it is necessary to evaluate 

different variables analyzed in the two experiments presented. Table 1 summarizes the 

estimated values for feed and caloric intake, sow and litter performance during lactation and 

feed efficiency. Supplementation of 6% CWG resulted in a positive sow body weight change 

and 2% CWG resulted as the greatest litter growth rate. In the first experiment, feed 

efficiency was negatively affected by the addition of A-V blend. When A-V blend was 

compared with CWG in the second experiment, A-V blend did not affect feed efficiency, but 

CWG improved it. From the results of the two experiments, CWG at 2% inclusion could be 

the better choice for supplementation to sow lactating diets.  

Table 1. Summary of sow and litter performance in the two experiments. 

 
No fat Animal-Vegetable blend Choice white grease 

 
0 2 4 6 2 4 6 

        Daily feed intake, kg 
     

  Exp. 1 4.08 4.18 4.44 4.34 
   

  Exp. 2 4.20 4.36 4.50 4.46 4.36 4.38 4.26 
  

       

Sow ADG, kg/d 
      

  Exp. 1 -0.10 -0.12 -0.01 -0.14 
   

  Exp. 2 -0.27 -0.18 -0.24 -0.16 -0.05 -0.11 0.11 
        

Litter ADG, kg/d 
      

  Exp. 1 2.11 2.20 2.13 2.16 
   

  Exp. 2 2.07 2.10 2.04 2.14 2.21 2.10 2.10 
        

Feed efficiency, Gain:Feed 
      

  Exp. 1 0.54 0.51 0.53 0.50 
   

  Exp. 2 0.43 0.46 0.42 0.47 0.52 0.43 0.55 
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Important improvements were observed for reproductive variables in the subsequent cycle, 

when sows were fed additional fat during lactation. Results of the subsequent reproductive 

performance of sows are summarized in Table 2. Number of sows bred in the first 8 d after 

weaning, conception and farrowing rates improved with addition of 2% of either source of 

fat. No further improvements were observed beyond 2% inclusion. However, the number of 

pigs born in the subsequent cycle increased with increments of either source of fat. Data from 

the two experiments showed that inclusion of dietary fat (no source effect) during lactation, 

benefited subsequent reproduction in the sow. Inclusion of 2% fat is recommended for sow 

lactating diets. 

Table 2. Summary of subsequent reproductive performance of sows in the two experiments. 

  

 
No fat Animal-Vegetable blend Choice white grease 

Item 0 2 4 6 2 4 6 

 

Sows bred<8 d, %       

  Exp. 1 58.3 72.0 70.2 74.7 
   

  Exp. 2 63.3 79.9 76.6 74.4 72.7 67.2 76.9 

        Conception rate, % 
      

  Exp. 1 78.5 89.5 89.2 85.7 
   

  Exp. 2 79.1 96.3 83.9 87.2 87.3 83.5 87.7 

        Farrowing rate, % 
      

  Exp. 1 71.4 81.4 85.5 78.6 
   

  Exp. 2 68.5 81.7 72.8 81.8 80.1 74.3 82.4 

        Litter size, pigs born 
      

  Exp 2. 13.0 13.4 13.9 14.1 12.3 13.7 14.0 
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Fatty acids and subsequent reproductive performance 

Essential fatty acids are precursors for the synthesis of prostaglandins, which have important 

roles in reproduction. Researchers suggest that reproduction in animals can be modulated by 

providing essential fatty acids in the diet. Some studies have demonstrated the benefits of the 

supplementation of essential fatty acids. Ambrose et al. (2006) observed a greater conception 

rate and lower embryonic losses when fed flaxseed (57% linolenic acid) to cows. In a study 

conducted by Thatcher et al. (2006), cows were supplemented with 2% Megalac-R (28% 

linoleic acid). They found a greater conception rates for cows fed Megalac-R. It has been 

suggested that supplementation of linoleic acid might promote secretion of prostaglandin 

F2, which could enhance involution and repair of the reproductive tract. Also, 

supplementation of n-3 fatty acids could promote embryonic implantation (Palmquist, 2009). 

Prostaglandins play an important role in diverse stages of reproduction, such as ovulation, 

luteal regression, implantation, parturition, and post-partum physiology. At parturition, 

prostaglandins are involved with postpartum contractions (Janszen et al., 1993; Challis et al., 

2000).  These contractions are important for expulsion of cervical microbial contamination 

(Senger, 2003). Embryonic implantation in the uterus is produced when the uterine 

endometrium has been repaired, which requires action of prostaglandins (Petit, 2003; Yee 

and Kennedy, 1991).  

There is little research that has been conducted with the use of essential fatty acids and their 

relationship with subsequent reproduction in sows. Brazle et al. (2008) reported a modified 

fatty acid composition in the endometrium, chorioallantois and the fetus when fed 3.75% of 
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flax oil or 1.75% of a protected fish oil. They found that either source increased n-3 and n-6 

long-chain fatty acids concentration in sow and embryo tissues. Perhaps, lactating sows have 

a minimum requirement of essential fatty acids (personal communication with Mick 

Hazzeldine), higher than the 2.2% (of the dietary energy) of linoleic acid recommended by 

Kruse et al. (1977). 

Our first experiment showed that supplementation of A-V blend increased gradually the 

calculated linoleic and linolenic acids intake by sows. Number of sows bred within the first 8 

d after weaning, conception and farrowing rates were greatly improved with the addition of 

2% animal vegetable blend. Slight improvements were observed beyond 2% addition. 

Consistently, our second experiment showed great improvements in conception and 

farrowing rate with supplementation of 2% of either source of fat. Subsequent litter size 

increased as linoleic and linolenic acid intake increased. It may be plausible that the increase 

in intake of the two essential fatty acids were related with gradual benefits in involution and 

repair of the reproductive tract. By having a healthier endometrium, embryonic implantation 

could potentially be beneficiated.  

Perhaps, sows fed control diets consumed inadequate levels of linoleic and linolenic acids. 

This may be associated with the poor reproductive performance. Other factors may also 

contribute to the positive response of sows. Factors such as higher lysine intake and positive 

energy balance of sows fed increasing levels of dietary fat could be important factors related 

with improvements in the subsequent reproductive performance.  
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Implications of the use of oxidized fats 

In the swine industry, restaurants oils are used in blended products as a fat source. Fat quality 

may be compromised because restaurant by-products have been exposed to air and heat. 

Lipid oxidation is known as one of the major degenerative processes; Addis (1984) stated 

that this process may result in the generation of toxic compounds such as hydroperoxides, 

aldehydes and others. Grisham and Granger (1988) found digestive disorders when intake of 

polyunsaturated fatty acids was high. Thus, compounds generated during the lipid oxidation 

process may degenerate different tissues, compromising the integral health of an animal.  

The glutathione system has been found as a key complex that attenuates transport of 

oxidative products, thereby preventing tissue damage (Wingler et al., 2000). Glutathione 

(GSH) is found naturally in high concentrations in tissues, especially the gut (Aw et al., 

1992). Deficient concentration of GSH in mucosal cells could lead to a greater rate of lipid 

peroxides transport into the organism, affecting other tissues such as liver and kidney.  

Thus, the use of oxidized fats in animal diets could be detrimental for the integral health. 

This may be especially important when supplemental fat is used in animals with a 

compromised immune system. Because parturition in sows is a stressful event, sows may be 

susceptible to high levels of oxidation compounds. A large study that measures medicine 

usage and sow mortality in different stages of lactation when fed oxidized fats to sows is 

needed to determine the potential health implications of highly oxidized fats.  
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