
ABSTRACT 

TENNANT, TRAVIS CLAY.  Factors Affecting Growth Performance, Carcass 

Characteristics, Fatty Acid Profile Variation, and Iodine Value Prediction of Growing-

Finishing Pigs. (Under the direction of Dr. Dana J. Hanson).         

 

There were three objectives for this study: to quantify the impact of diet, sex, season, 

and market pull on fatty acid composition and iodine value of grow finish pigs.  Develop 

equations for rapid and accurate prediction of iodine values of pork carcass to assess pork fat 

quality.  Predict iodine value of two relevant adipose depots in growing-finishing pigs by 

near infrared reflectance spectroscopy to assess pork fat quality.  A single experiment was 

conducted in a RCBD with two replications, utilizing crossbred pigs (n =480; initial BW = 

48.6 ± 6.7 kg) which were blocked by BW and sex.  Treatments arranged in a 2 × 2 factorial 

with dietary fat source (TA and CO), and level of RAC inclusion (0 vs 10 mg/kg).  Each 

treatment group consisted of 12 pens (6 barrow pens and 6 gilt pens) with 5 pigs per pen per 

replication.  Pigs were harvested in 1 of 3 marketing pulls (d 56, 64, 76), in which the four 

heaviest pens per each treatment were removed.  Fat tissue samples removed from the belly 

(posterior to the sternum, ventral edge of belly) and backfat (at the adjacent area of the first 

lumbar vertebra).  Fatty acid profile was determined via gas chromatography (GC) and near 

infrared (NIR) spectroscopy.  Chapter 1 observed that dietary fat supplementation did not 

affect (P > 0.05) live growth performance or carcass characteristics, while dietary RAC 

inclusion increased final BW, ADG, G:F, LMA, HCW, and FFLP.   Total fatty acid (FA) 

concentrations of saturated FA (SFA), monounsaturated FA (MUFA), and MUFA:PUFA 

were higher (P < 0.01) in belly and back fat from pigs fed TA.   Total polyunsaturated FA 

(PUFA) and the UFA:SFA concentrations in belly and back fat were higher (P < 0.01) when 

CO was fed.  The inclusion of CO increased (P > 0.01) iodine value (IV) of belly and back 



fat depots at a greater magnitude then TA.   Sex, season, and market pull also affected (P < 

0.05) the concentrations of total SFA, PUFA, UFA:SFA and IV from belly and back fat 

depots.  Increasing the degree of unsaturation of supplemental dietary fats negatively affected 

fat quality of growing-finishing pigs; while supplemental fat had the greatest effect on fat 

quality, the additional factors of sex, season, and market pull impacted fat quality in some 

measure.  Single variable regression models utilizing dietary IVP (Loin BF: R2 = 0.84; Belly: 

R2= 0.79) and C18:2, (Loin BF: R2 = 0.90; Belly: R2= 0.87) had the highest coefficient of 

determination to predict iodine value of loin BF and belly fat sample sites.  The inclusion of 

other live growth performance and carcass characteristic measures resulted in only a 

marginal improvement in R2.  Pearson Correlation Coefficients between GC and NIR for IV 

between loin BF (r = 0.93; P < 0.001) and belly (r = 0.92; P< 0.001) fat depots, were highly 

correlated between determination methods.  Similarly, Pearson Correlation Coefficients 

between loin BF and belly sample site locations for IV determined by GC (r = 0.88; P < 

0.001) and NIR (r = 0.88; P < 0.001) were highly correlated suggest either location would be 

suitable for predicting IV.  NIR calibration statistics for fatty acid proportions amongst fat 

depots were quite variable with R2 values ranging from 0.26 – 0.96.  Difference between fat 

depots was the largest contributor to the variation in the coefficient of determination, belly 

fat had comparatively lower R2 values and Ratio of Performance to Deviation (RPD) values 

generally < 1 when compared to loin BF. NIR calibration models were however, able 

accurately and precisely predict major FA constituents known to influence pork fat quality; 

C18:2n6, (Loin BF: R2 = 0.96, RPD = 5.31; Belly: R2= 0.91, RPD = 3.32), PUFA (Loin BF: 

R2 = 0.95, RPD = 4.68; Belly: R2= 0.87, RPD = 2.77), and IV (Loin BF: R2 = 0.93, RPD = 

3.87; Belly: R2= 0.89, RPD = 3.04). The accuracy of NIR standard curves for IV loin BF and 



belly fat samples proved that NIR could be used to screen pork carcass fat quality and 

provide a rapid, cheap, non-destructive alternative to traditional IV determination methods of 

GC or titration.   
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Introduction 

 The concepts of least cost diet formulation, feeding of alternative feed 

ingredients and production throughput have become common practice in the swine industry.  

The inclusion of alternative ingredients such as, distiller’s dried grains with soluble (DDGS) 

and supplemental fats and oil which contain greater levels of unsaturated fat can have 

negative effects on fat quality that reverberate throughout the entire pork chain.  Increasing 

the ratio unsaturated fatty acids in the diet, particularly polyunsaturated fatty acids (PUFA), 

have shown to increase fat oxidation, color change, shortened shelf life and reduced 

processing efficiencies as a result of soft pork fat (Wood et al., 1984; Larrick et al 1992; Maw 

et al. 2003; Wood et al., 2008).  Currently, pork processor have adopted iodine value (IV) as 

a predictive measure in determining pork fat quality by measuring the ratio of unsaturated to 

saturated fatty acids present in carcass adipose tissues.  The greater the ratio of unsaturated to 

saturate fatty acids present, the greater the corresponding IV value.  Many factors such as 

dietary fat, sex, fat depot, carcass fat content and growth rate of pigs can contribute to the 

fatty acid composition which  (Wood et al., 1989; Averette Gatlin et al., 2002a,b; Kellner et 

al., 2014; Wu et al., 2016).  A more fundamental understanding of these factors is necessary 

to determine how composition of pork fat can be managed to optimize quality of pork 

products.  Hence, the industry needs rapid predictive methods to quantify the impact of 

production factors (i.e.  diet, heat stress, growth) on pork fat quality. 
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Lipids  

Lipids are a large diverse group of organic compounds that are relatively insoluble in 

water.  Lipids serve essential functions in swine diets; they are important parts of the cell 

membranes, carriers of fat soluble vitamins, provide a source for essential fatty acids, and 

increase the energy concentration of the diet (Stein, 2010).  Adipose tissues are composed 

water and protein but the largest constituent is lipid. 

 

Digestion and Absorption of Dietary Lipids 

 Dietary lipids are primarily composed of triglycerides, free fatty acids, 

phospholipids, waxes and cholesterols are also present, but represent a small fraction in the 

diet.  Triglycerides are composed of a glycerol backbone on which three fatty acids are 

linked by an ester bond, and represent the largest lipid class in adipose tissue.  Unlike 

monosaccharides and fatty acids which are easily digested and absorbed directly from the 

small intestine; triglycerides due to their hydrophilic properties and complex structure must 

undergo emulsification, enzymatic hydrolysis, and solubilize in bile salt micelles (Pan and 

Hussain, 2012).   

Ingested triglycerides must be emulsified prior to absorption for efficient lipid 

digestion.  Emulsification starts in the stomach with the action of gastric lipase which 

facilitates initial hydrolysis of triglycerides by pancreatic lipase promoting fat emulsification.  

Lipids are further hydrolyzed in the duodenum by the lipolytic enzymes; colipase carboxyl 

ester lipase, phospholipase, and pancreatic lipase.  Enzymatic hydrolysis results in the release 

of free fatty acids and monoacylglycerols.  Free fatty acids and monoacylglycerols will bind 



 

 

4 

 

to bile salts to form micelles which are then absorbed by enterocytes (Bauer et al., 2005).  

Free fatty acids and monoacylglycerols are re-esterified into triglycerides by the phosphatidic 

acid pathway and glycerol phosphate pathway (Pan and Hussain, 2012).  Newly synthesized 

triglycerides are then incorporated into chylomicrons.  Chylomicrons then travel via the 

lymphatic system to the circulatory systems where they will eventually be bound to 

hepatocytes, adipocytes, or muscle fibers, where they will be either stored or oxidized as an 

energy source (Bauer et al., 2005). 

 

Lipid metabolism 

Fatty acid composition of adipose tissues in pigs can easily be manipulated by diet in 

monogastric species; fatty acids present in the diet pass through the digestive system 

relatively unchanged before they are absorbed via the small intestine and incorporated into 

tissue lipids (Wood and Enser, 1997).  The incorporation of dietary lipids into adipose tissues 

of pigs occur from either direct deposition of digested lipids or de novo synthesis of fatty 

acids.  De novo fatty acid synthesis begins with the conversion of acetyl-coA to malonyl co- 

A; the end product of lipogenesis is palmitic acid, which can be elongated to stearic acid.  The 

enzyme delta-9 desaturase can add a double bound resulting in the conversion of stearic acid into 

oleic acid.  Kloareg et al. (2005) found that only one third of de novo synthesized fat was 

deposited as palmitic acid.  Concomitantly, nearly two thirds of palmitic acid was elongated to 

stearic acid, and over 70% of the elongated stearic acids were de-saturated by delta-9 desaturase 

at the omega-9 position to produce oleic acid.  Animal cells lack the enzymes; delta-12 

desaturase and delta-12 desaturase for the conversion of oleic acid into linoleic acid and linoleic 

acid into α-linolenic acid.  Consequently, since pigs cannot synthesize linoleic acid or α-linolenic 

https://dl.sciencesocieties.org/publications/jas/articles/93/10/5083#ref-26
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acid they must ingest these fatty acids from their diet; therefore, they are referred to as essential 

fatty acids.   

The rate of adipose tissue accretion is a result of the balance between lipogenesis and 

lipolysis which are markedly affected by diet and diet-related factors (Farnworth and Kramer, 

1987).  Increased dietary fat intake inhibits de novo fatty acid synthesis and activities of 

related liopgenic enzymes in favor of direct deposition of dietary fat (Allee et al., 1971; 

Farnworth and Kramer 1987; Chilliard, 1993; Benz et al., 2010; Xu et al., 2010a).When pigs 

are fed above energy maintenance, excess dietary fats are utilized efficiently and transferred 

to carcass fat at a relatively high rate of 31 to 40% (Kloareg et al., 2007).  Increasing the 

quantity of fat (≥10%) in the diet, regardless of dietary fatty acid composition, will inhibited 

fatty acid synthesis.  Allee et al. (1971) observed that 10% dietary corn oil and 10% dietary 

beef tallow were equally effective in depressing lipogenesis in adipose tissue in pigs; 

suggesting that unsaturated fatty acids and saturated fatty acids have similar effects on de 

novo fatty acid synthesis.  Smith et al. (1996) investigated the impact of feeding specific fatty 

acids (palmitic, stearic, oleic, and linoleic) on the depression of de novo lipogenesis.  

Lipogenesis decreased 67% when palmitic acid was fed, 53% when palmitoleic acid was fed, 

35% when stearic acid was fed, 20% when oleic acid was fed and 32% when linoleic acid 

was fed; suggesting that fatty acid chain length and unsaturation are determinants in the 

effects of dietary fat and insulin on de novo lipogenesis.  (Smith et al., 1996).  Kim et al. 

(2003) showed that polyunsaturated fatty acids have a greater effect on suppressing fatty acid 

synthase than saturated fatty acids.  Similarly, Hallenstvedt et al. (2012) reported that high 

dietary polyunsaturated fatty acid concentrations has the ability to reduce enzyme activity 
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associated with fat synthesis.   However, others have shown either no significant effect of diet 

on the rate of fat synthesis or no specific fatty acid impact (Allee, 1971; Brooks 1999; Bee et 

al., 2002). 

 

Supplemental dietary fat sources 

Dietary lipids refers to the lipids that originate from either intact fat present in feed 

ingredients or supplemental lipids that have been extracted by vegetable (canola oil, corn 

oil, soybean oil) or animal (choice white grease, poultry fat, tallow) sources.  Animal 

derived fat sources contain a higher proportion of saturated fatty acid and lower iodine 

value (Azain, 2001).  Plant-based fats sources have a greater proportion of unsaturated fatty 

acids, increased polyunsaturated fatty acid content and higher iodine value when compared 

to animal fats.  Composition and inclusion level of supplemental dietary fats fed contribute 

are reflected greatly in the fatty acid composition of pork carcass (Madsen et al. 1992; 

Pettigrew and Esnaola, 2001; Averette Gatlin et al. 2002a,b; Benz et al. 2011; Kellner et al. 

2014).  Thus, supplementation of dietary fats in swine diets can be utilize for manipulation 

of the composition of pork fat (Wood et al. 2008).   

Multiple researchers have shown the impact of dietary fat sources and inclusion levels 

on the fatty acid composition of pork carcasses.  Ellis and Isbell, (1926) first illustrated that 

dietary fats can greatly influence overall pork quality by altering the degree of firmness of 

pork fat.  Increasing the degree of unsaturation in the diet, resulted in lard with increased 

proportions of unsaturated fatty acids.  Moreover, the proportion of linoleic acid in lard 

increased from 1.9% on a low fat diet, to over 30% on diets containing a high level of soybeans.  
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Larick et al. (1992) reported that as the concentration of linoleic acid content of the dietary 

fat source increased, subcutaneous fat concentration of linoleic acid increased and the 

relative proportions of palmitic acid and oleic acid decreased.   

Bee et al. (2002) observed that supplementation with soy oil and tallow had markedly 

affected the fatty acid composition of backfat.  The inclusion of soy oil resulted in increased 

polyunsaturated fatty acid concentrations that were compensated by decrease saturated and 

monounsaturated proportions.  Increases in polyunsaturated fatty acid concentrations were 

correlated to increased concentration of linoleic and linolenic acids present in soy oil.  

Decreases in linoleic content in low energy diets were attributed to rate of efficiency to 

which linoleic acid was incorporated into adipose tissues. 

Averette Gatlin et al. (2002a) evaluated the effects of dietary fat utilizing soy oil, 

animal-vegetable blend, beef tallow, and inclusion level on fatty acid composition in grow-

finish pigs.  As the level of tallow increased, there was a linear decrease in linoleic content and 

iodine value of the backfat tissue.  Conversely, proportions of palmitoleic, stearic, and oleic acids 

increased as soy oil was removed from the diet.  As the level of the tallow was increased, a 

greater reduction in linoleic and the iodine value was observed.  These results indicated that 

reduction of dietary linoleic acid of diets for six to eight weeks could elicit alteration in fatty acid 

composition by shifting toward a more saturated fatty acid profile and lowering iodine value. 

Mitchaothai et al. (2007), found monounsaturated fatty acid content was higher in 

subcutaneous fat from beef tallow-fed pigs and polyunsaturated fatty acid content was higher 

in fat from sunflower oil-supplemented pigs.  Apple et al. (2009a) reported that subcutaneous 

fat from pigs supplemented with beef tallow had increased percentages of saturates and 
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monounsaturated fatty acids and decreased percentages of polyunsaturated fatty acid; 

whereas, fat from pigs fed soy oil resulted in the opposite development for fatty acid profiles.  

Kellner et al. (2015) observed the impact of dietary fat and it withdrawal on carcass fatty acid 

composition.  In this study, the consumption of PUFA is relatively low before the withdrawal 

of the unsaturated ingredient, the withdrawal period was shorter 16 d vs.  61 d.  Consumption 

of high inclusion levels of linoleic acid in 5 % corn oil diets resulted in an elevated load of 

dietary unsaturated fat intake makes lowering carcass iodine value and diluting linoleic acid 

content very difficult (Kellner et al., 2015. 

Furthermore, another important feedstuff utilized in swine diets, particularly when 

cereal grain prices are elevated, is dried distillers grains with solubles (DDGS).  DDGS are a 

by-product of dry-grind ethanol production and contains approximately 10% corn oil, which 

is comprised of increased proportion of unsaturated fatty acid and a decreased concentration 

of saturated fatty acid (Xu et al., 2010a,b).  According to previous studies the fatty acid 

profile of DDGS consists of about 17.3% saturated fatty acids, 27.3% monounsaturated fatty 

acids, and 55.4% polyunsaturated fatty acids, including 53.8% linoleic acid (Benz et al., 

2010; Graham et al., 2014; Davis et al., 2015).   As a result of the concentrated linoleic acid 

content present in DDGS, it can be expected that pigs fed diets with greater levels of DDGS 

will have a higher concentration of PUFA, especially C18:2 content, in carcass fat depots.  

Benz et al. (2010) suggested that for each 10% increase in DDGS content in finishing diets 

C18:2 and PUFA content increased 1.68 and 1.78%.  Respectively, regardless of fat depots 

and IV of backfat, jowl fat, and belly fat increased by 2.3, 1.6, and 2.2 g/100 g.  Similarly, 

Cromwell et al. (2011) fed four varying inclusion levels of DDGS (0, 15, 30, or 45%) and 
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reported that saturated and monounsaturated fatty acid concentrations in subcutaneous fat 

decreased linearly while PUFA concentrations increased linearly with increasing DDGS in 

the diet.  In this study, Cromwell et al. conducted a regression analysis that indicated that 

iodine values increased 4.3 units for every 10-percentage unit inclusion of DDGS in the diet.  

Similarly, Overholt et al. (2016) observed that feeding 30% DDGS significantly increased (P 

< 0.001) belly fat IV by 7.1 units compared with bellies from pigs fed 0% DDGS which can 

exacerbate pork quality issues in grow-finish pigs.  In a series of three experiments by 

Graham et al. (2014) in which increasing concentrations of DDGS were fed 5.4% 9.4% 9.6% 

12.1%, respectively. The author found that increasing DDGS increased jowl iodine value 

(IV), but the magnitude was greater in pigs fed the 9.6% oil DDGS compared with those fed 

5.4% oil DDGS.  Some DDGS source × level interactions for jowl, backfat, and belly IV 

were observed in both experiments.  In these interactions, IV increased as DDGS increased 

but to a greater extent in DDGS with the higher oil content.  The increase in IV values for the 

various fat depots is expected based on the linoleic acid and IV product of the DDGS sources 

(Benz et al., 2011).  Stein and Shurson (2009) observed that negative effects of using DDGS 

on carcass yield and fat quality could be ameliorated by reducing the inclusion level, or 

completely withdrawing DDGS from the diet in as little as 3-4 weeks before slaughter (Stein 

and Shurson, 2009).   

 

Benefits of supplemental dietary fats 

The addition of dietary fat serves many important roles within swine diets: provides a 

dense source of energy, provide essential fatty acid, produces low heat increment, facilitates 

https://dl.sciencesocieties.org/publications/jas/articles/92/8/3610#ref-8
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vitamin absorption, aids in mastication, increases pelleting, and reduces dust (NRC, 2012).  

Nutritionally, lipids provide essential fatty acids (primarily linoleic and α-linolenic acid) and 

facilitate the absorption of fat soluble vitamins (Xi et al., 2013).  Furthermore, the addition of 

supplemental dietary fat is important as it provides a rich source of energy to increase the 

energy density of the diet (Stahly, 1984; Azain, 2001; Patience, 2012).  Fat is more energy 

dense than carbohydrates or protein having 9.45 kcal/kg vs.  4.1 kcal/kg respectively (Pond et 

al., 1995), which provides 2.25 times the gross energy value of carbohydrates (Cho and Kim, 

2012).  Thus, supplementation dietary fat is important in grow-finish diets due to the 

advantage of increasing the caloric content of the diet and improving the production 

efficiency (Battacone et al., 2009).   

Inclusion of added dietary fat in grow-finish pig diets enhances overall feed 

conversion by improving ADG, gain: feed ratio, and reduces ADFI (Pettigrew and Moser., 

1991; Averette Gatlin et al., 2002a; Eggert et al., 2007; Benz et al., 2011).  The growth 

performance is improved due to the effects of dietary lipids decreasing intestinal passage rate 

or improved digestibility, leading to an increase in availability of energy and other nutrients 

(Pettigrew and Moser, 1991).  Additionally, dietary fats have a lower heat increment, which 

reduces heat loss due to digestion and results in greater metabolizable energy utilization 

efficiency (Patience, 2012).   

While literature clearly reflects a benefit to live growth performance, improvements 

to carcass characteristic by dietary fat supplementation is contradictory.  Warnants et al. 

(1996) and Kouba et al. (2003) reported that dietary fat had no influence on carcass 

characteristics.  While Benz et al. (2011) report that added dietary fat increases BF, HCW, 
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and carcass yield.  An explanation for difference is genetics; sex, growth rate, and slaughter 

weight have a greater effect on carcass characteristics than the effect of dietary fat 

supplementation.   

 

Ractopamine hydrochloride 

Ractopamine hydrochloride, also known as (Paylean®, Elanco Animal Health, 

Greenfield, IN), is a β-adrenergic receptor agonist feed additive that redirects nutrients away 

from adipose and towards lean tissue deposition (Armstrong et al., 2004).  Finishing swine 

diets containing ractopamine resulted in improvements in growth performance, carcass 

composition, and dressing percent (Armstrong et al., 2004).  Numerous studies have 

demonstrated that RAC can consistently increase average daily gain, hot carcass weight, 

carcass dressing percentage, loin muscle area, and gain: feed ratio in finishing pigs (Apple et 

al., 2007; Armstrong et al., 2004; See et al., 2004; Patience et al., 2009).  Moreover, the 

addition of ractopamine to swine diets have been shown to decrease saturated fatty acid 

concentrations (Engeseth et al., 1992; Perkins et al., 1992; Apple et al., 2007) and increases 

unsaturated fatty acid.  More importantly, ractopamine can increase polyunsaturated 

concentrations in pork fat (Carr et al., 2005; Xi et al, 2005; Weber et al., 2006).   

Apple et al. (2007) observed the interactions between ractopamine 0 and 10 ppm and 

supplemental dietary fat addition of either tallow or soybean oil.  Feeding ractopamine did 

not affect the fatty acid composition in pork belly fat samples; however, there was a 

significant interaction between ractopamine and dietary fat source for C16:0 (palmitic acid) 

and C18:0 (stearic acid).  Additionally, the interaction between soybean oil and ractopamine 
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had highest polyunsaturated:saturated ratios and iodine value; while no effect was found on 

values within the tallow supplemented pigs.  Further research by Apple et.  al.  (2008) 

reported the inclusion of ractopamine led to a decrease in total saturates and 

monounsaturated fatty acids in back fat samples when compared to non-ractopamine fed 

pigs.  Conversely, total PUFA increased in back fat with dietary RAC inclusion.  This is 

mainly due to increases in linoleic acid (C18:2n6), α-linolenic acid (C18:3n3), eicosadienoic 

acid (C20:2), and Arachidonic acid (C20:4n6) with dietary RAC inclusion.  Overall, the 

PUFA: SFA ratio and IV of back fat from pigs fed RAC were higher than pigs not fed RAC 

(Apple et al., 2008).   

 Mechanistically, this rate of change in degree of saturation is a result of ractopamine 

increasing the percent lean.  This is likely due to both a reduction in adipose tissue accretion 

and a corresponding increase in muscle protein synthesis (Weber et al., 2006).  Additionally, 

ractopamine inclusions in decreasing de novo fat synthesis in pigs by promoting triglyceride 

hydrolysis and decreases fatty acid and triglyceride synthesis, thus leading to less lipid 

accumulation (Mills, 2002).  However, research regarding the effects of ractopamine on fatty 

acid composition is limited and often confounded by other dietary additions. 

  

Iodine value determination 

Iodine value is a measure of the amount of iodine grams absorbed by double bonds of 

fatty acids in 100 grams of sample and is a measure of the degree of unsaturation of fat due to 

iodine ability to react with the π-electrons of the double bonds (Averette Gatlin et al., 2003).  
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There are several methods available for determining iodine value.  These methods can be 

separated into two groups: analytical wet chemistry analysis or spectrophotometric analysis. 

 There are two common methods: direct and indirect, which utilize analytical wet 

chemical methods or chromatographic techniques to derive iodine values.   Direct 

measurement for iodine value involves chemical titrations, which are commonly executed in 

accordance to either Wijs method (AOAC, 1994) or Hanus method (AOAC, 1994).  In direct 

titration methods samples are analyzed via direct methods are titrated with sodium thiosulfate 

(Na2S2O3) which binds to iodine molecules, the iodine value is then calculated from the 

titration volume of sodium thiosulfate.  For the indirect method, the fatty acid profile is 

separated and quantified via gas chromatography of the extracted fatty acid methyl esters 

(FAMEs).  The following equation from AOCS (1998) then utilizes the fatty acid profile to 

predicts iodine value:  (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 

2.616 + [C20:1] × 0.785 + [C22:1] × 0.723.  When using iodine value as a predictor of carcass 

fat quality AOCS (1998) equation may not be the most appropriate as it does not account for 

the long chain polyunsaturated fatty acids found in dietary fats.  Therefore, Meadus et al. 

(2010) equation was developed which takes into account for long chain polyunsaturated fatty 

acids: IV = C16:1 (0.95) + C18:1 (0.86) + C18:2 (1.732) + C18:3 (2.616) + C20:1 (0.795) + 

C20:2 (1.57) + C20:3 (2.38) + C20:4 (3.19) + C20:5 (4.01) + C22:4 (2.93) + C22:6 (4.64).  

Additionally, it is worth noting that both of these methods are laborious and time consuming 

procedures which require the use of solvents and reagents, and are unsuitable for at-line 

analysis due to the complexity of sample handling and the long sample turnaround time.  

(Cox et al., 2000)  
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In contrast to conventional chemical analysis, spectroscopy methods have been 

developed as an alternative technique for the rapid and accurate prediction of iodine value and 

fatty acid profiles of porcine adipose tissue.   The most common methods of spectroscopy 

utilize Near-Infrared Reflectance spectroscopy (NIR) and Raman spectroscopy.  The principle 

of NIRS and Fourier Transform Near-Infrared (FT-NIR) spectroscopy is based on the 

chemical bonds in organic molecules which absorb or emit infrared light when their 

vibrational state changes.  The absorption or emittance of electromagnetic radiation for NIR 

occurs in wavenumbers, which range from 800-2500 nm.  Spectra is produced by the 

overlapping absorption corresponding to overtones and combinations of vibrational modes 

involving C-H, O-H, C=C, C=O and N-H bonds (Azizian et al., 2010).   Prediction of iodine 

value by near infrared more specifically utilizes spectra in the C-H second overtone region, 

1333–1100 nm (Cox et al., 2000).   Hence, NIR spectroscopy has been applied for prediction 

of the fatty acid profile and iodine value in subcutaneous fat tissues of pigs (Prieto et al., 

2014; Sørensen et al., 2012; Foca et al., 2016).  Similarly, Raman spectroscopy is another 

vibrational energy spectroscopy analysis.  Raman spectroscopy observes the rate of decay of 

vibration energy after strong excitation from a high intensity laser light source.  Raman 

spectroscopy is a variant of mid-IR spectroscopy.  In contrast to IR spectroscopy that mainly 

highlights primary protein structures, Raman spectroscopy mainly points out modifications in 

secondary protein structures such as α-helix and β-sheets and is known to be a rich source of 

information on amino acid residues (Damez, and Clerjon, 2013).  The results show that FT-

Raman spectra not only provide information on iodine value (Herrero, 2008), but also on the 

balance between the amounts of SFA, MUFA, and PUFA (Baeten et al., 1998).  The 
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scattering intensities near different Raman shifts (3013, 1663, and 1264 cm−1) show high 

correlations with the fatty acid profile determined by gas chromatography, proving the 

suitability of FT-Raman spectroscopy for fat qualification (Baeten et al., 1998). 

A major disadvantage associated with NIR and Raman spectroscopy is the extensive 

calibration effort necessary to account for all spectral variations caused by both product and 

analyzer variations (Cox et al., 2000; Olsen et al., 2009).  Building new calibrations models 

are not desired due to that it is time consuming, reference analysis can be expensive, and it 

requires trained personnel.  Moreover, multivariate calibration models are only applicable to 

the instrument and conditions unto which the calibration spectra or scatter where generated.   

Thus, spectra measured under new conditions or on another instrument, the spectra variation 

of the two-response matrixes will often be slightly different.  (Olsen et al. 2009).This means 

that a model developed on one instrument may give large prediction errors on spectra from a 

second instrument (Feudale et al., 2002).   

The ability to extract chemical information from spectroscopic spectra or scatter is 

often coupled with the use of chemometric techniques.  Chemometrics is a discipline using 

mathematical and statistical methods for the selection of the optimal experimental procedure 

and data treatment of chemical analyses.  Chemometrics regroups several topics such as 

design of experiments, information extraction methods (modelling, classification and test of 

assumptions) and techniques allowing understanding the chemical mechanisms (Roggo et al., 

2007).    

 

 

http://www.sciencedirect.com/science/article/pii/S030917400900388X#bib17
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Factors effecting iodine value and fatty acid composition 

 

While the largest influence to fat quality in pork is diet, other conditions in the live 

animal including sex, breed, rearing condition, and age can also affect fat quality (Hugo & Roodt, 

2007). 

 

Genetics. 

 A number of studies have shown fatty acid genetic type and breed influence 

composition.  Cameron and Enser, (1991) observed that intramuscular fat of Duroc pigs had 

higher concentrations of SFA and MUFA and lower concentrations of PUFA than Landrace.  

Wood et al. (2004) compared two traditional breeds Berkshire and Tamworth to two modern 

breeds Large White and Duroc pigs and found breed significantly affected fatty acid 

composition.  Berkshire and Tamworth had greater concentrations of mystric and palmitic 

acid and lower concentration of linoleic and linolenic acids when compared to modern Large 

White and Duroc pigs with the net result of a higher PUFA:SFA in modern pig types.  Zhang 

et al. (2007) analyzed fatty acid composition in longissimus dorsi muscle from eight different 

purebred pigs, and found that Duroc pigs had the greatest content of total SFA, Poland China 

pigs had a greater MUFA, and PUFA contents were greater in Hampshire, Landrace and 

Yorkshire pigs.  Lo Fiego et al. (2005) compared Landrace x Large white to commercial 

hybrid composite line to determine differences between genetic lines.  Hybrids examined had 

a distinctly lower backfat thickness with a higher water content and lower content of lipids 

correlating to a greater percentage of polyunsaturated fatty acids.  The correlations between 

fatty acid composition and backfat thickness showed a strong negative relationship between 
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the latter and polyunsaturated fatty acids content.  Correa et al. (2008) compared low and 

high growth rates base on sire-lines for age and found that faster growing pigs resulted in 

softer and thinner bellies with reduced fat deposition and increased degree of unsaturation 

and increased iodine values.  Additionally, the author reported that pigs with genetic 

predisposition for less subcutaneous fat also can be expected to produce carcasses with more 

unsaturated fatty acids.  These changes toward more unsaturated fatty acids are presumably a 

function of less de novo fatty acid synthesis and greater uptake of dietary fatty acids (Correa 

et al. 2008).   

 

Sex 

 Sex and castration are known to influence fatty acid profiles and iodine values 

resulting from physiological differences in carcass composition.  Iodine value of boars is 

greater than gilts which is greater than barrows (Kyle et al., 2014) and is a reflection of 

differences in leanness between the sexes.  Intact boars have higher concentrations of 18:2 

and 18:3 than gilts and barrows at the similar backfat thickness (Wood et al., 1989).  In 

addition to higher concentrations of polyunsaturated fatty acids, boars are leaner and display 

less backfat due to a higher proportion of water and lower proportion of lipid.  Peinado et al. 

(2008) reported castrated males and females had similar linoleic acid concentration in 

subcutaneous fat samples, while intact females had a greater concentration of linoleic acid 

than castrates.  Martin et al. (1972) reported gilts to have less backfat, which correlates to a 

higher percent fat free lean when compared to barrows.  Additionally, gilts had a higher 

percentage of linoleic acid, while barrows had greater percentages of myristic and palmitic 
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acids.  Correa et al. (2006) reported gilt carcasses had higher lean proportions resulting in 

lower fat proportion than those of barrows.  Further work by Correa et al. (2008) reported 

gilts had lower concentrations of palmitic acid, stearic acid, and lower percentage of total 

saturated fatty acids, but had higher concentrations of linoleic acid and higher percentage of 

polyunsaturated fatty acids when compared to barrows.  Consequently, gilts had higher 

PUFA/SFA ratios and higher IV then barrows of similar growth rates and genetics. 

 

Temperature 

The effect of temperature may affect fatty acid composition and subsequent iodine 

value due to depressed growth during periods of elevated temperatures.  Kouba et al., 2001 

observed that when temperatures exceed 23.9°C pigs exhibit a reduction in feed intake a 

leading to depressed growth rates and lower de novo fat synthesis.  Pigs exposed to high 

temperatures also had altered fat metabolism rates, resulting in increased plasma triglyceride 

uptake and storage in adipose tissue leading to greater fatness.  The increase in carcass 

fatness during elevated ambient temperatures led to a shift in fat deposition towards internal 

fat deposition sites, and led to increased lipid concentration in subcutaneous fat sites.  White 

et al. (2008) reported pigs housed at 32.2°C compared with 23.9°C had reduced ADG and 

ADFI, reduced G:F ratios, and altered carcass quality.  Pigs housed at 32.2°C had 

significantly greater concentration of linoleic and linolenic acids and significantly lower 

concentration of oleic acid.  Subsequently, pigs housed at 32.2°C had greater iodine value 

then those housed at 23.9°C.  Furthermore, the interaction of housing at 32.2°C and 

decreasing spatial allocation increased (P ≤ 0.05) the adipose iodine value from 66.8 to 70.4, 
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decreased (P ≤ 0.05) the saturated: unsaturated fatty acids ratio from 0.59 to 0.56.  Increasing 

spatial allocation in the 32.2°C pigs decreased fatty acid synthase and stearoyl-CoA 

desaturase-1 mRNA expression in adipose tissue (White et al., 2008).  These findings concur 

with Kellner et al. (2016) who also found heat stress leads to reduced ADG, ADFI, G:F, and 

caloric efficiency by increasing mRNA abundance of stearoyl CoA desaturase (delta-9-

desaturase) in adipose tissue.  Kellner et al. (2016) further expounds on experiment by stating 

that heat stress does not alter the pig’s response to dietary fat, as no significant effect was 

observed for carcass iodine value and fatty acid composition.  Instead, seasonal pork fat 

quality issues are most likely due to decreased carcass weight and belly weight and thickness 

and not due to heat stress resulting in carcass fat with increased concentrations of unsaturated 

fatty acids (Kellner et al. 2016). 

 

Fat sampling depot 

 Anatomical location of fat sampling depot has been shown influence fatty acid 

composition and iodine value (Xu et al., 2010a,b; Leick et al., 2010; Wiegand et al. 2011; 

Apple et al., 2011; Benz et al., 2011; Kellner and Patience, 2014).  Several studies have 

reported correlation coefficients between various fat sampling depots throughout the 

carcass.  Leick et al. (2010) reported a correlation between jowl and belly fat iodine value of 

0.39; however, Wiegand et al. (2011) reported weak correlation between jowl and belly fat 

iodine value of -0.67 in high energy diets (Wiegand et al., 2011).  Monziols et al. (2007) 

reported the fatty acid composition of 11 adipose tissue depots and two different fat layers; 

subcutaneous and intramuscular.  Fatty acid composition varied in both sampling locations 
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and layer.   Similar results were reported by Apple et al. (2009) where differences in iodine 

value were observed between individual fat layers in pork subcutaneous fat.  The highest 

iodine value occurred in the outer most backfat layer and the lowest IV was observed in the 

inner backfat layer.  Factors associated with the overall fatty acid composition are generally 

due to lipogenic activity at the various adipose tissues (Xu et al., 2010a).  When lipogenic 

activity is low, dietary fatty acid composition has a greater effect on fatty acid composition 

of pork fat.  However, changes in growth and carcass composition, fat deposition patterns, 

and physiological maturity have also been shown to influence fatty acid composition (Bee 

et al., 2002; Apple et al., 2004; Wood et al., 2008). 

 

Iodine Value Product 

Iodine value is used by commercial pork industry to assess pork fat quality, increased 

iodine value (Madsen et al., 1992; Body 1997), indicates a decrease in carcass quality to due 

to decreased fat firmness leading to soft fat (Wood et al., 1989).  Soft fat is greatly impacted 

by the proportion of linoleic and linolenic acid; higher proportions of these unsaturated fatty 

acids affect the cohesiveness and firmness of pork fat (Wood et al., 1989; Eggert et al., 2001).  

Soft pork fat is a primary concern in processed meat products due difficulties in processing 

and slicing, undesirable appearance, fat separation, fat smearing, and rapid oxidative rancidity.  

Currently, there is no set threshold for iodine value as a iodine value greater than 65, for some 

processors may be unacceptable (Eggert et al., 2001); whilst an iodine value greater than 75 

may be unacceptable of other processor(Boyd, 1997).  These differences can be the result of 
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geographic location (Denmark vs.  United States), proprietary agreeance amongst producers 

and processors, or processor mandated tolerances. 

While iodine value is an invaluable tool in determining carcass quality, it is flawed in 

its ability to predict carcass quality when iodine value derived from the fatty acid composition 

of a diet is utilized.  This is due to its inability to measure the total amount of unsaturated fatty 

acids present within a diet; instead, it is a reflection of the concentration of unsaturated fatty 

acids of the diet.  The impact of diet on carcass quality is not only determined by the degree of 

unsaturation of the dietary fat fed but also inclusion level to which is incorporated into the 

diet.  Thus, Iodine Value Product (IVP), which is an index that combines dietary fat 

concentration percentage and the IV of the supplemental dietary lipids is often utilized to 

predict pork carcass iodine values.   

IVP is calculated as follows: (IV of the dietary lipids) x (percentage of dietary lipid) x 

0.10 (Madsen et al., 1992).  The number derived by this equation is a representation of the 

total unsaturated fatty acid composition present in fed diets.  Recently, IVP has been 

increasingly used to predict carcass IV (Benz et al., 2011; Estrada Restrepo, 2013; Wu et al., 

2016). 

 

Prediction equations for determination of carcass iodine value 

It is well established that pork carcass fat quality is largely influenced by the quantity 

and composition of the supplemental dietary lipids or dietary fats fed during production 

(Averette Gatlin et al., 2002b; Apple et al., 2009; Bergstrom eta l., 2010; Cromwells et al., 

2011; Benz et al., 2011; Kellner et al., 2014; Paulk et al., 2015).  Several studies have 
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observed that it is possible to predict fat composition in the pig carcass from the fatty acid 

composition of the diets fed.  A summary of prediction equations for backfat, belly, jowl fat, 

and carcass fat averaged from three depots for iodine value are presented in Table 1.1.   

The development of pork iodine value prediction equations were first published by 

Madsen et al. (1992) who utilized a restrictive feeding regime with a dietary IVP range of 37 

to 88 fed from 20 kg BW to 90 kg BW.  A similar equation by Boyd (1997) was derived 

from pigs fed ad libitum with a dietary IVP range of 44 to 90 fed from 43 kg BW 118 kg 

BW.  Differences between single variable prediction equations utilizing IVP are attributed to 

the range in IVP spanned and heavier-weight animals allowed ad libitum access to feed in the 

research by Boyd (1997).  Bergstrom et al. (2010) utilized meta-analysis to predict the iodine 

value of carcass fat using the IVP as a single predictor variable resulted in lower precise 

when compared to Madsen et al. (1992) and Boyd (1997).   

Boyd (1997), Averette Gatlin et al. (2002), Benz et al (2011), and Kellner et al. (2014) 

proposed another set of equations that account for feed intake, which used daily intake of 

C18:2 as a single variable predictor.  Benz et al. (2011) observed that dietary IVP is a poor 

predictor of carcass fat iodine value in pigs fed diets with different fat sources and amounts 

of unsaturated fats formulated with similar IVP; suggesting dietary C18:2 (linoleic acid) 

content was a better predictor of carcass fat iodine value than diet IVP.  These results are 

similar to those of Averette Gatlin et al., (2002b) who showed that linoleic acid intake was a 

relatively accurate predictor of the linoleic content of backfat (R2 = 0.70).  However, Boyd 

(1997) observed dietary C18:2 was less accurate then IVP in prediction of iodine value as it 
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represents a small percentage of UFA and is quite variable over a broader range of 

ingredients. 

Additionally, Cromwell et al. (2011) and Estrada Restrepo (2013) indicated that the 

dietary inclusion level of DDGS could be utilized for prediction of carcass iodine value due to 

DDGS high concentration of unsaturated fatty acids.  Furthermore, Estrada Restrepo (2013) 

performed a multiple regression analysis utilizing carcass characteristic and found no 

improvement in the coefficient of determination compared with using dietary DDGS inclusion 

level as the single predictor.  However, equation base percentage of DDGS in diets may be 

variable due to the oil concentration among DDGS sources.   

In general, most predictive equations cited throughout literature are single variable 

predictive models focused on the effects of dietary lipids on fatty acid composition of carcass 

fat.  However, Bergstrom et al. (2010) and Paulk et al. (2015) conducted meta-analyses and 

found additional variables such as; growth performance, carcass characteristics, dietary 

energy, and feeding days should be considered to improve iodine value prediction.  Based 

solely on the coefficient of determination  

Moreover, it is worth noting the effect of fat depot on the prediction of iodine value.  

A number of studies have shown that iodine value varies between fat depots throughout the 

carcass (Apple et al., 2009b).  This is important when selecting the appropriate sampling 

location to use in a study or when comparing the results of different studies.  Most studies 

have reported a higher IV for jowl fat compared to belly or backfat (Xu et al., 2010a,b; Benz 

et al., 2011a,b; Duttlinger et al., 2012).  However, the differences between fat depots in these 

studies were relatively small and not always statistically significant.  In addition, the reported 
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relationships between the fatty acid compositions of the various fat depots are not consistent.  

For example, Leick et al. (2010) reported a correlation between belly and jowl fat IV 9 of 

0.39, while (Wiegand et al., 2011) reported r values from -0.62 to 0.50 for the correlations 

between four fat depots (including belly and jowl). 

 

Pork Fat Quality 

 
Carcass fat quality factors, such as color and fatty acid profile, affect processing 

characteristics and the ability of pork products to meet export specifications (Carr et al., 

2005).  Additionally, the quality of processed pork product such as bacon and sausage is based 

largely on the quality of the fat in those products.  Soft pork fat is a primary concern in 

processed meat products due difficulties in processing and slicing, undesirable appearance, fat 

separation, fat smearing, and rapid oxidative rancidity.  Pork fat quality is influenced by a 

multitude of factors, which include but are not limited to age; sex, genetics, growth rate, and 

diet fed that impact the animal from the farm all the way to slaughter.  The main components 

of fat quality include composition, firmness, color, impurities, and stability (Azain, 2001; 

Wood et al., 2008); which can be described by physical, chemical, and sensory terms.   

 

Firmness 

 A physical measure of fat quality is firmness, which is largely influence by fatty acid 

composition as different fatty acids have different melting points (Wood et al., 2004; Wood 

et al., 2008).  Saturated fatty acids, which lack double bonds, are more solid and have a 

greater melting point than monounsaturated fatty acids, which have one double bound, which 
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are greater than polyunsaturated fatty acids, which possess multiple double bonds.  

Additionally, short chain fatty acids have lower melting points than longer chain fatty acids, 

because the association between fatty acid chains increases as chain length increases 

(Richards, 2007).  Hugo & Roodt, (2007) found that concentrations of stearic and palmitic 

acids were correlated to backfat firmness as increased concentrations increased fat firmness 

while, increased levels of linoleic acid lead to decreased fat firmness. 

It is well documented that adding unsaturated fat to swine diets alters fatty acid 

profiles, particularly increasing the percentage of linoleic and linolenic acid are known to 

greatly affect the cohesiveness and firmness of pork fat and is the main contributor of soft 

pork fat (Wood et al., 1984; Averette Gatlin et al., 2002b; Wood et al., 2008).  Issues with fat 

firmness because of soft pork fat are a primary concern in processed meat products due to 

difficulties in processing and slicing, undesirable appearance, fat separation, fat smearing, soft 

fat and consequently carcass handling and meat processing problems.  In addition, tissue 

separation, where the fat separates from the lean, is a problem in carcasses with soft fat.   

 

Rancidity 

Lipid oxidation is one of the main factors to deteriorate the colour, texture and 

nutritive value, and producing off-flavour and off-odour (Hallenstvedt et al., 2012b).  Lipid 

oxidation is a rather complex process whereby unsaturated fatty acids reacting with 

molecular oxygen via a free radical chain mechanism, form fatty acyl hydroperoxides, 

generally called peroxides or primary products of the oxidation (Gray, 1978).  The primary 

auto-oxidation is followed by a series of secondary reactions that lead to the degradation of 
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the lipid and the development of oxidative rancidity (Ladikos and Lougovois, 1990).  The 

resulting chemical reaction causes meat to exhibit distinct odors and flavors that are not 

acceptable to consumers.  Off flavors and odors are caused by low molecular weight 

aldehydes, acids, and ketones that form during oxidation (Gerrard and Grant, 2003).   Lipid 

peroxidation, is the oxidative deterioration of the polyunsaturated lipids of present, leads 

through formation of hydroperoxides to short chain aldehydes, ketones, and other oxygenated 

compounds which are considered to be responsible for the development of rancidity 

(Botsoglou et al., 1994)  

The degree of unsaturation greatly influences the susceptibility of β-oxidation in the 

fat.  Conversely, saturated fatty acids are more stable and less susceptible to lipid oxidation 

when compared to unsaturated fatty acids (Larick et al., 1992).  Houbend and Krol (1980) 

suggested that pork products containing more than 30% linoleic acid concentrations are 

highly susceptible to lipid oxidation.  In the manufacturing of ground pork products, the level 

of PUFA should not exceed 23% to assure acceptable processing and product acceptability 

by consumers (Warnants et al., 1998).  Wood et al. (2004) suggested that having a 

concentration of ≥3% of linolenic acid can have negative effects on the shelf life and flavor 

of pork products.  Oxidation of fats can lead to undesirable color, flavors, and odors and can 

be monitored to determine the end of shelf life for some food products (Richards, 2007; 

Wood et al., 2003).  The stability of a fat sample indicates the resistance to oxidative 

rancidity and is related to the shelf life of a product (Azain, 2001).  Saturated fatty acids are 

more stable and less susceptible to lipid oxidation when compared to unsaturated fatty acids.  
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This results in potential problems with oxidative rancidity and reduced shelf life of the 

product (Larick et al., 1992; Wood et al., 1999).   

 

Color 

 Fat color can be used as an indicator of fat quality and may indicate the composition 

or source of the product (Azain, 2001).  Additionally, fat color is an important quality 

characteristic influencing consumer buying decisions at the retail meat case (Davis et al. 

2015).  According to Wood et al. (2004), fat cells containing solidified fat with a high 

melting point appear whiter than fat with a lower melting point.  Moreover, color 

deterioration is influenced by the degree of unsaturation of the fat because unsaturated fatty 

acids are more prone to lipid oxidation and may result in undesirable color formation.  

Warnants et al. (1996) observed a yellow discoloration of the fat known as “yellow fat 

disease” as a result of inclusion of too much polyunsaturated fatty acids.  Maw et al., (2003) 

observed an increased yellow color in backfat sample were associated with increased linoleic 

and α-linolenic acid percentages.  Concomitantly, increased translucency and fat softness 

were associated with decreased percentages of palmitic and stearic and oleic acid and a 

concurrent increase in the proportions of linoleic and α-linolenic acid (Maw et al., 2003).  

Additionally, other dietary inputs such as tallow or DDGS may affect the color of fat depots.  

DDGS and other corn oil based ingredients contain fat-soluble pigments known as 

xanthophils which can cause yellow coloration in fat depots of pigs fed DDGS (Widmer et 

al., 2008; Xu et al., 2010a,b). 
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   1 IVP = (IV of the dietary lipids) × (% dietary lipid) × 0.10 (Madsen et.  al.  1992)  

   2 I = initial diet, F = final diet, d = duration of diet fed, EFA = essential fatty acids (C18:2 and 

  C18:3; %), BW = body weight (kg), NE = net energy (kcal/kg), HCW = hot carcass weight (kg), and BF = 

  backfat depth (mm). 

Table 1.1 Selected prediction equations for iodine value (IV) of carcass backfat, jowl fat, 

belly fat, and the average of 3 fat depot. 

Reference Equation R2 

Backfat    

Madsen et al., 1992 47.1 + [0.14 × IVP1 intake /d, (g)] 0.86 

Boyd et al., 1997 52.4 + [0.315 × Diet IVP1] 0.99 

Cromwell et al., 2011 64.5 + [0.432 × % DDGS in diet] 0.92 

Bergstrom et al., 2010 57.89 + [0.18 × Diet IVP1] 0.58 

Benz et al., 2011 51.946 +[ 0.2715 × Diet IVP1] 0.16 

Benz et al., 2011 35.458 + [14.324 × Diet C18:2, %] 0.73 

Estrada Restrepo , 

2013 

70.06 + [0.29 × % DDGS in diet,%] 0.81 

Estrada Restrepo , 

2013 

60.13 + [0.27 × Diet IVP1] 0.81 

Paulk et al., 20151 

  

 

84.83 + [(6.87 × I EFA) - (3.90 × F EFA) - (0.12× I d) - (1.30 × F 

d) - (0.11 × I EFA × F d) +(0.048 × F EFA × I d) + (0.12 × F 

EFA × F d) - (0.0060 × F NE) + (0.0005 × F NE × F d) - (0.26 × 

BF)] 

0.95 

Belly   

Bergstrom et al., 2010 58.85 + [0.16 × Diet IVP1] 0.78 

Estrada Restrepo , 

2013 

58.32 + [0.25 × Diet IVP1] 0.74 

Estrada Restrepo , 

2013 

67.35 + [0.26 × DDGS in diet, %1] 0.75 

Paulk et al., 20151 106.16 + [(6.21 × I EFA) - (1.50 × F d) - (0.11 × I EFA × F d) - 

(0.012 × I NE) + (0.00069 × I NE × F d) - (0.18 × HCW) 

- (0.25 × BF)] 

0.94 

Jowl 
  

Bergstrom et al., 2010 61.95 + [0.15 × Diet IVP1] 0.45 

Benz et al., 2011 47.469 + [10.111 × Diet C18:2,%] 0.74 

Benz et al., 2011 56.479 + [0.247 × Diet IVP1] 0.78 

Estrada Restrepo , 

2013 

64.54 + [0.27 × Diet IVP1] 0.75 

Estrada Restrepo , 

2013 

72.99 + [0.24 × DDGS in diet, %] 0.81 

Paulk et al., 20151 85.50 + [(1.08 × I EFA) + (0.87 × F EFA) - (0.014 × I d) - (0.050 

× F d) + (0.038 × I EFA × I d) + (0.054 × F EFA × F d) - (0.0066 

× I NE) + (0.071× I BW) - (2.19 × ADFI) - (0.29 × BF)] 

0.81 

Average of 3 Depots 
 

Kellner, 2014 58.102 + [0.2149 × Diet IVP1] 0.93 

Kellner, 2014 58.566 + [0.1393 × C18:2 intake/d, (g)] 0.94 
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Chapter 2: Effects of Dietary Fat Source and Ractopamine on Growth Performance, 

Carcass Characteristics, and Fatty Acid Composition of Growing-Finishing Pigs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

47 

    

 

2.1 Abstract : 

The objective of this study was to evaluate the effects of supplemental dietary fat 

(tallow: TA, corn oil: CO), ractopmaine HCL (RAC), sex, season, and time to market on live 

animal performance, carcass characteristics, and fatty acid composition of growing-finishing 

pigs.  Experiment was conducted in a RCBD with two replications, utilizing crossbred pigs 

(n =480; initial BW = 48.6 ± 6.7 kg) which were blocked by BW and sex.  Treatments were 

arranged in a 2 × 2 factorial with respect to dietary fat source (TA and CO), and level of 

RAC inclusion (0 vs 7.5ppm).  Each treatment group consisted of 12 pens (6 barrow pens and 

6 gilt pens) with 5 pigs per pen per replication.  Pigs were harvested in 1 of 3 marketing pulls 

(DOF 57, 65, 76), in which the four heaviest pens per treatment were removed.  Fat tissue 

samples were removed from the belly (posterior to the sternum, ventral edge of belly) and 

backfat (at the adjacent area of the 1st lumbar vertebra).  Fatty acid composition was 

determined via gas chromatography (GC) and IV was calculated according to AOCS (1998).  

Dietary fat supplementation did not affect (P > 0.05) live growth performance or carcass 

characteristics, while dietary RAC inclusion increased final BW, ADG, G:F, LMA, HCW, 

and FFLP.   Total fatty acid concentrations of SFA, MUFA, and MUFA:PUFA were higher 

(P < 0.01) in belly and back fat from pigs fed TA.   Conversely, total PUFA and the 

UFA:SFA concentrations in belly and back fat were higher (P < 0.01) when CO was fed.  

The inclusion of CO increased (P > 0.01) IV of belly and back fat depots at a greater 

magnitude then TA. Interaction between dietary fat source and RAC inclusion increased IV 

of belly fat depot of growing-finish pigs.  Sex, season, and market pull also affected (P < 

0.05) the concentrations of total SFA, PUFA, UFA:SFA and IV from belly and back fat 
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depots.  In conclusion, fat supplementation with CO resulted in reduced fat quality exhibited 

by an increase of C18:2 concentrations, PUFA concentrations, and IV.  CO IV of 83.51 

would fail to meet industry maximum IV standards of 70-74 g/100g (Benz et al. 2011).  

While dietary factors are the primary determinant of FA composition and IV, other variables 

such as, sex, season, and market pull also influenced FA composition and IV. Understanding 

the interaction amongst these variable is necessary to mitigate reduced pork fat quality.  
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2.2 Introduction 

 Supplemental dietary fats are widely used in swine diets as a means to 

increase energy density, provide essential fatty acids, and improve feed conversion 

efficiency, while improving cost per unit of energy provided (NRC, 2012). To alleviate the 

effects of seasonal heat stress, swine diets are often formulated to include dietary fat, as they 

are a source low in heat increment and energy dense (NRC, 2012).  It is widely accepted that 

the fatty acid composition of pork fat reflects the fatty acid pattern of the diet fed (Ellis and 

Isbell, 1926; Warnants et al., 1999; Bee et al., 2002; Mitchaotai et al., 2007).  When diets are 

supplemented with saturated lipids such as tallow, pork adipose tissue samples have 

increased percentages of SFA and MUFA and decreased percentages of PUFA (Averette 

Gatlin et al., 2002a; Jackson et al., 2009; Kellner et al., 2014).  When diets are formulated 

with more unsaturated dietary lipid sources such as corn oil, PUFA proportions are increased 

at the expense of SFA and MUFA in adipose tissues (Averette Gatlin et al., 2002; 

Mitchaothai et al., 2007; Browne et al., 2013; Kellner et al., 2016).  Consequently, when pigs 

are fed diets containing highly unsaturated energy sources at high inclusion levels, the 

firmness of the fat is reduced significantly creating a “soft fat”.  Potential problems with poor 

fat quality from soft fat include: difficulties in fabrication and slicing of bellies, an oily 

appearance in the retail packaging, reduced product shelf life, and increased susceptibility to 

oxidative damage resulting in off-flavors (Wood et al., 2008). In addition to dietary 

management (Averette Gatlin et al., 2002a,b; Averette Gatlin et al., 2003), the composition 

and quality of adipose tissue in pigs can be manipulated through extrinsic and intrinsic 
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factors including: genotype, growth rate, age, body weight, gender, season, etc.  (Madsen et 

al., 1992; Correa et al., 2008; Wood et al., 2008).   

While, there are numerous published results (Averette Gatlin et al., 2002b, Carr et al., 

2005; Wood et al., 2008; Seman et al., 2013; Davis et a., 2015) related to the effect of dietary 

inputs on pork quality, there are limited published results related to the effects of dietary fat 

source coupled with extrinsic production factors such as DOF, sex, environmental 

temperature, and pig removal strategy on pork fat quality of growing-finishing pigs. We 

hypothesized that feeding growing-finish pigs differing dietary fat sources and RAC levels 

would alter the fatty acid composition of loin backfat and belly fat samples and that other 

extrinsic and intrinsic factors would exacerbate deteriorate these effects.  Thus, the objective 

of this study was to evaluate the growth performance, carcass characteristics, and fatty acid 

composition of mixed sex pigs fed differing supplemental dietary fat sources with increasing 

inclusions of ractopamine HCL. 

 

2.3 Methods and Materials 

Animals and Housing 

The North Carolina State University Institutional Animal Care and Use Committee 

approved all experimental procedures.  Anexperiment was conducted in two sequential 

replications during winter (September-December) and summer months (June-September).  A 

total of 480 mixed sex growing-finishing pigs  (n=240 barrow; n=240 gilts) with genetic 

makeup of the pigs consisting of Smithfield Premium Genetics (SPG) Landrace x Large 

White dams mated to Duroc boars (SPG, Rose Hill, North Carolina) were utilized in this 
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study.  For each replication, 240 mixed sex growing-finishing pigs were received, observed 

for health, and allowed to adapt to the grower diet (Table 2.2) for 30 d.  After acclimation, 

240 pigs (n=120 gilt and n=120 barrows) with initial BW of 48.63 ± 6.73 kg were housed in 

a  curtain sided  barn  in pens (3.65x1.37 meters) with solid concrete floor at the North 

Carolina Swine Evaluation Station (Clayton, North Carolina).  Pens had one self-feeder and a 

nipple water to allow ad libitum access to feed and water throughout the trial. Treatments 

were allotted in a randomized complete block design base on initial BW and sex and 

randomly assigned within blocks to 4 dietary treatments blocks.  Each treatment group had 

12 pens (6 barrow pens and 6 gilt pens) with 5 pigs per pen.  Barrows and gilts were kept in 

the same proportions (n=120 barrow; n=120 gilts) for each replication.  The average 

temperature in the first replication (Summer) was 23.6 oC (range 13.9-34.4 oC) and in the 

second replication (Winter) was 10.9 oC (range -7.2-30.6 oC).  Thermal data were recorded at 

National Oceanic and Atmospheric Administration (NOAA) station North Carolina 311820 

(CLAYTON WTP: Clayton, North Carolina 27520; Lat: 35.641° N Lon: 78.463° W) (Table 

2.1; Fig 2.1 & 2.2).   

 

Experimental Diets 

Dietary treatments were arranged in 2 x 2 factorial with 2 supplemental dietary fat 

sources: corn oil (CO) and beef tallow (TA) fed at an inclusion level of 6% of the diet (as-fed 

basis) and with or without ractopamine (RAC) (ractopamine  HCl,  Paylean®  9,  Elanco 

Animal Health, Greenfield, IN): inclusion rate of 0 ppm and 7.5 ppm in the finishing diet 
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(phase 4 diet).  The feeding period was separated into a total of four phases.  Pigs upon 

arrival were acclimated for 30 d (Phase 1) to a commercial grower ration (Table 2.2).  

Experimental diets were fed according to a 3-phase feeding program: phase 2 (d 0 to 24), 

phase 3 (d 24 to 45) and phase 4 (d 45 to 75) for a total of a10-wk period.  The inclusion 

rates of RAC were only formulated into phase 4 diets.  Experimental diets were 

manufactured at the North Carolina State University Feed mill (Raleigh, North Carolina) and 

met the nutrient requirements suggested for finishing by NRC (2012).  Representative feed 

samples from phase 4 were collected at the time of mixing and stored at −20°C prior to 

analysis.  The fatty acid profile of experimental diets were determined following method 

920.39 (AOAC, 2006) for ether extraction utilizing a Goldfisch Fat Extractor (Labconco, 

Kansas City, MO) by North Carolina State University Laboratory of Developmental 

Nutrition (Raleigh, North Carolina). 

 

Growth and Carcass Measurements  

Individual pig BW and pen feed disappearance were measured on d 0, 24, 45, 57, 65, 

and 76 to determine ADG, ADFI, and G:F.  At the end of the trial (day prior to shipment for 

harvest), pigs were individually weighed, backfat (BF) and loin muscle area (LMA) were 

measure by real-time ultrasound scan taken at the 10th rib.  Fat free lean (FFL) percentage 

was calculated on a live basis in accordance to Burson (2001) were FFL = 5.7769+(0.401 x 

warm carcass wt., lbs) - (18.838 x 10 th rib fat depth, in.) + (4.357 x 10 th rib loin muscle 

area, sq. in.) + (1.006 x sex of pig) (barrow=1, gilt=2).  All pigs were taken off test in a 
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multiple-pen removal program with three sequential marketing pulls for each replication 

starting on d 57.  On d 57 heaviest weight pens, with appropriate finish (n=4 pens per 

treatment group) were taken off test, next pens were taken off-test sequentially every wk.  On 

d 57, 65, and 76 pigs were harvested, pigs from the first replication were harvested at local 

abattoir in Bailey, NC, while pigs in the second replication were harvested in Falcon, NC, 

and hot carcass weights were recorded.  Hot carcass weights for the first replication were 

adjusted 5.25% (Cruzen et al. 2015) to account for carcass head weight, as carcasses 

harvested in the second replication were weighed without heads due to differences in carcass 

fabrication procedures between abattoirs. 

Mortality and morbidity for this study were accounted for and the weight of dead and 

removed pigs and the date to which they were removed from the study were recorded.  Dead 

and removed pig weights were included in the total pen weight and the days they were on test 

were included in the total day for each marketing group to calculate growth performance 

data.  In this study, there was one non-ambulatory pig upon arrival at the abattoir, which was 

considered as missing observations for the data analysis of carcass characteristics. 

Additionally, there were 7 pigs in which identification was lost during the harvest process, 

which were considered as missing observations for the data analysis of carcass 

characteristics. 
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Fat Tissue Sampling 

 Fat tissue samples were collected at the plant from each carcass pre rigor at 2 

anatomical locations: belly (posterior to the sternum, ventral edge of belly) and backfat (at 

the adjacent area of the 1st lumbar vertebra).  Samples were vacuum packaged and stored at -

20 C until further analysis by gas chromatography and near infrared spectroscopy.   

 

Fatty Acid Analysis 

 Fatty acid profile analysis was conducted by North Carolina State University 

Laboratory of Developmental Nutrition (Raleigh, North Carolina).  Fatty acids were 

extracted from adipose tissue and EE of experimental diets in accordance to Averette Gatlin 

et al., (2002a).   All adipose layers of the fat tissue samples were combined and mixed 

thoroughly.  Lipids were isolated from adipose tissue in duplicate by weighing 100 mg into a 

glass tube with a Teflon lined cap.  One ml of a reagent containing 3.75M NaOH dissolved in 

a 1:1 (v/v) methanol, distilled water mixture was added and the tubes were heated in a 

boiling water bath for 5 min, vortexed and returned to the water bath for 25 min.  The 

samples were then placed into cool water and 2 ml of a 1.7:1 (v/v) methyl alcohol and 

hydrochloric acid mixture were added.  The samples were placed into the boiling water bath 

for 10 min and then immediately placed in cool water.  Three ml of a 1:1 (v/v) methyl 

tertbutyl ether and hexane mixture were then added to the samples.  Samples were vortexed 

and mixed continuously for 10 min until clear and the lower, aqueous phase was discarded.  

Finally, 3 ml of 0.3M NaOH was added to the remaining organic layer and the tubes were 
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mixed and centrifuged.  Two-thirds of the top, organic layer were removed to a clean vial and 

dried under N2 gas.  The methyl esters were re-dissolved in 250 mL of hexane.  A Hewlett 

Packard 5890 GC (Hewlett Packard, Avondale, PA) equipped with a flame ionization 

detector was used with a 100 m fused silica capillary column with an i.d.  of 0.25 mm and a 

.20 pm film coating (Supelco, Inc.  Bellefonte, PA).  Operating conditions were as follows: 

helium carrier gas, split ratio 100:1, injector temperature 220°C, detector temperature 220°C, 

initial oven temperature 140°C increasing to 225°C at a rate of 3.2°C/min.  The oven was 

held at 225°C for 14 min, then temperature increased by 2°C/min to 230°C and held for 6 

min.  Finally, the temperature was decreased by 8°C/min to 140°C and held for 4 min.  Total 

run time was 65 min.  Methyl ester standards were used to identify sample fatty acid methyl 

esters.  Integration software (Millenium, Waters, Inc.) was used to calculate the proportion of 

each fatty acid present.  Analysis was conducted by North Carolina State University 

Laboratory of Developmental Nutrition (Raleigh, North Carolina). 

 

Calculations 

Calculations of total saturated fatty acid (SFA), monounsaturated fatty acids (MUFA) 

and polyunsaturated fatty acid (PUFA) contents were calculated according to the following 

equations: SFA = (C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + 

C22:0); MUFA = (C14:1 + C16:1 + C18:1n9t + C18:1n9c + C20:1); PUFA = (C18:2n6t + 

C18:2n6c + C18:3n6 + C18:3n3 + C20:2 + C20:3n6 + C20:3n3 + C20:4n6).  Iodine value 

was calculated using the following equation (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + 
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[C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets indicate 

percentage concentration (AOCS, 1998).  IV product (IVP) was calculated as (IV of dietary 

lipids) × (percentage of dietary lipid) × 0.10 (Madsen et al., 1992).   

 

Statistical Analysis 

All data were tested for normality using PROC UNIVARIATE (SAS Inst.  Inc., Cary, 

North Carolina).  Data were analyzed as a randomized complete block design using PROC 

MIXED.  Dietary treatments were arranged in a 2 × 2 factorial with the fixed effects of fat 

source, RAC inclusion, sex, season, market pull and random effect of block.  All significant 

(P < 0.05) two-way, three-way, four-way, and five-way interactions are presented.  Pen was 

used as the experimental unit for all data analysis.  Least-squares means were compared 

using pairwise t test (PDIFF option) with the Tukey-Kramer adjustment for multiple 

comparisons.  Statistical significance was predetermined at P < 0.05 and P-values within P > 

0.05 and P ≤ 0.10 were considered trends.  For carcass characteristics, final BW was used as 

covariate for BF depth, LMA, and percentage of FFL, if the effect of covariate was 

significant (P < 0.05).  Descriptive statistics for fatty acid concentration means and standard 

deviations were calculated using PROC TABULATE.  

 

2.4 Results  

Growth Performance  

Least square means and P-values for growth performance are shown in Table 2.4 and 

Table 2.5.  The degree of saturation of the dietary fat sources had no significant (P = 0.45) 
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impact on live animal growth performance as final BW, ADG, ADFI, G:F were unaffected 

by dietary fat source.  Pigs fed RAC increased final BW (P <0.01) by 2.6% (123.8 vs 120.6 

kg) and ADG by 4.4% (1.16 vs 1.11 kg/d), respectively.  As expected sex had a significant 

effect growth performance, as barrows had 6.2% heavier (P <0.01) final BW (126.1 vs 118.4 

kg); followed by increased ADG (1.18 vs. 1.06 kg/d) and ADFI (3.03 vs. 2.73 kg/d), 

respectively when compared to gilts.  No significant interactions with sex were detected for 

either fat source or RAC for any growth performance measure.  Elevated temperatures during 

summer replication reduced productivity of pigs significantly (P <0.01) by decreasing final 

BW (116.3 vs 128.1 kg), ADG (1.03 vs 1.24 kg/d), and ADFI (2.55 vs. 3.22 kg/d), while 

increasing (P = 0.04) G:F (0.43 vs. 0.36), respectively.  Furthermore, marketing pull affected 

(P <0.01) pigs in the third marketing pull by decreasing final BW (118.3 vs 124.2 kg) and 

ADG (1.17 vs. 1.07), as compared to other marketing pulls. Interactions between season and 

pull were statistically significant (P <0.01) amongst all growth performance measurements. 

 

Carcass Characteristics  

Least square means and P-values for live ultrasound data and carcass characteristics 

are presented in Table 2.4 & 2.5.  Degree of saturation of the dietary fat sources or marketing 

pull had no effect (P >0.39) on BF, LMA, HCW, carcass yield, and FFL.  Pigs fed RAC 

exhibited greater LMA (P <0.01) and HCW (P <0.01), resulting in increased FFL (P <0.01) 

when compared to pigs not fed RAC.  BF thickness was affected by sex (P <0.01) and season 

(P <0.01), as barrows had 0.50 cm greater BF thickness and winter replication pigs had 0.35 
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cm2 greater BF, respectively. Additionally, barrows had a 5.3% increase in HCW (P <0.01) 

resulting in a higher carcass yield (P <0.01) over gilts; however gilts had a 5.7% increase in 

FFL (P <0.01) when compared to barrows. Seasonality affected all carcass characteristic 

measures as pigs reared in cooler conditions of the winter replication exhibited 12% increase 

in HCW (P <0.01) and 2.3% increase in carcass yield (P <0.01), and corresponding FFL was 

decreased (P <0.01).  

 

Iodine Value 

The descriptive statistics for IV of loin BF and belly fat depots are presented in Table 

2.7.  Differences in fat source, RAC, sex, season, and market pull being presented in Table 

2.8 and 2.9.  The average IV of loin BF samples was 79.28±10.89 while the average IV of 

belly fat samples was 75.97±9.26, respectively.  

The IV of the dietary treatments fed during this experiment and the IV of pork 

carcasses are presented in Table 2.6.  Adipose tissue IV of samples of loin BF and belly fat 

samples are presented in Tables 2.10 & 2.11 and belly fat are presented in Table 2.12 & 2.13.  

Degree of saturation of dietary fat source significantly (P < 0.01) affected IV of both diet and 

fat sample sites.  Feeding TA, a saturated fat source, resulted in lower dietary IV and IVP, 

while CO, an unsaturated fat source, increased diet IV and IVP (P < 0.01).  Similar to diet, 

IV of loin BF and belly fat depots were most affected by degree of saturation of fed diets (P 

<0.01).  Pigs fed CO (P <0.01) had a higher calculated IV for loin BF (88.55 vs. 69.75) and 

belly fat (68.50 vs. 83.50).  No significance (P <0.01) was observed in IV for loin BF nor 
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belly fat samples for RAC inclusion in fed diets however, there was an interaction between 

dietary fat source and RAC inclusion for belly fat samples.  For the main effect of sex 

significantly affected (P <0.01) IV of both fat depots as gilts had a higher calculated value 

for IV then barrows.  Similarly, the influence of season influenced (P < 0.02) IV of both fat 

depots; pigs reared in elevated temperature of summer had markedly higher calculated IV 

values then pigs reared in the cooler condition of winter.  During the removal of pigs from 

test, there was a significant (P <0.01; Table 2.10 and 2.12) impact on which marketing group 

pigs were allotted to.  Pigs marketed in the first and second cut averaged calculated IV values 

were lower for both loin BF (78.15 vs 80.92) and belly fat (75.48 vs 77.00) depots, 

respectively.  

 

Fatty Acid Composition 

Descriptive statistics for fatty acid composition of loin BF and belly fat and the 

associated IV of both fat depots are presented in Table 2.7, 2.8, and 2.9.  Both fat depots 

varied in mean values for fatty acid composition. The average fatty acid concentrations for 

loin BF samples for C18:1 (37.07%), C18:2n6 (23.33%), C18:3n3 (0.85%), SFA (33.92%), 

MUFA (40.55%), PUFA (24.77%), respectively.  Average fatty acid concentrations for belly 

fat samples were C18:1 (39.34%), C18:2n6 (20.21%), C18:3n3 (0.74%), SFA (34.39%), 

MUFA (43.25%), PUFA (21.56%), respectively. 

Least square means and P-values for the fatty acid concentrations of loin BF and 

belly fat samples are presented in Tables 2.10 & 2.11 and belly fat are presented in Table 
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2.12 & 2.13.  Pig fed CO throughout the growing-finishing period affected fatty acid 

concentrations of both loin BF and belly fat depots, when compared to TA.  Dietary CO 

increased total PUFA (P<0.01) concentrations and UFA:SFA (P<0.01) ratio; conversely total 

SFA (P<0.01) and total MUFA (P<0.01) were greater for TA supplementation.  Pigs fed CO 

had greater concentrations of 18:2n6 and 18:3n3 (P < 0.01) than pigs fed TA for loin BF and 

belly fat depots.  The most significant change occurred in of 18:2 concentrations which 

increased in loin BF (31.0 vs.  15.6, P < 0.01) and in belly fat (26.5 vs.14.0, P < 0.01) when 

pigs were fed CO in comparison to TA.  Concentrations of C14:0, C16:0, C16:1, C18:0, 

C18:1, C18:1 and C20:1 also were lower for pigs fed CO than pigs fed TA (P < 0.01).  Pigs 

fed CO had a greater ratio of UFA:SFA for loin BF (2.2 vs 1.7, P < 0.01) and belly (2.2 vs.  

1.7, P < 0.01); a lesser ratio of monounsaturated to polyunsaturated fatty acid for loin BF (1.2 

vs.  2.7, P < 0.01) and belly (1.5 vs.  3.2, P < 0.01) than TA.   

Least square means for the effect of dietary fat source and RAC inclusion on the fatty 

composition of loin BF and belly are present in Table 2.14 & 15.  Degree of unsaturation of 

the dietary fat sources significantly influenced the concentrations of individual fatty acids 

present in both sample fat depots.  Increasing the load of unsaturated fatty acids in the diet of 

pigs fed CO resulted in an increase in the individual concentrations of unsaturated fatty acids, 

specifically; CO fed pigs had markedly greater concentrations of C18:2n6, PUFA, U/S ratio.  

Concomitantly, pigs fed TA resulted in greater concentrations of C14:0, C16:0, C16:1, 

C18:0, C18:1, MUFA, and SFA, respectively. RAC was found to significantly impact fatty 
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acid concentrations of belly fat samples however, RAC significantly influenced the 

individual concentration of C18:3n3 (NO RAC 0.83% vs. RAC 0.87%) 

Least square means for the effect of dietary fat source and sex on the fatty 

composition of loin BF and belly are present in Tables 2.16 and 2.17.  For loin BF (Table 

2.16) the main effect of dietary fat source (P < 0.01) and sex (P ≤ 0.05) were significant for 

individual fatty acid concentrations and IV.  The disparity in individual fatty acid 

concentration amongst sexes in loin BF samples was amplified in pigs fed CO.  Gilts fed CO 

had higher individual fatty acid concentrations of C18:2n6, C18.3n3, PUFA, and U/S ratio, 

while barrows had greater concentrations of C14:0, C16:0, C16:1, C18:0, C18:1, MUFA, 

SFA, and MUFA/PUFA ratio.   

Furthermore, multiple Fat source X Sex interactions (P < 0.01) were evident between 

sexes fed CO in loin BF samples, the changes in the proportion of individual fatty acid in 

gilts correspond to greater PUFA values as, gilts had higher concentrations of C18:2n6 and 

lower concentrations of C16:0.  The inverse of this relationship is also true for barrows, 

which exhibited a greater concentration of MUFA and SFA fatty acids.  Correspondingly, 

belly fat samples were markedly influenced by fat source (P < 0.01) with the exception of 

C18:3 (P < 0.48). Conversely, sex was only found to significantly (P < 0.01) affect the 

C14:0, C16:0, SFA, and U/S ratios in belly fat samples.  Despite multiple Fat source X Sex 

interactions for the loin BF samples of differing fatty acids concentrations, only a trend (P 

<0.06) for a Fat source X Sex interaction was evident in belly fat samples for C18:3n3 and 

MUFA/PUFA ratio.  
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2.5 Discussion 

Growth Performance and Carcass Characteristics of Growing-finishing Pigs 

 

In our study, neither growth performance (ADG, ADFI, G:F) nor carcass 

characteristics (LMA, BF thickness, HCW, FFL) were affected by supplemental dietary fat 

source.  Therefore, either the net energy provided by the individual fat sources were similar 

across source or the difference between them was too small to find significance.  Results 

from Mitchaothai (2007), Lee et al. (2013), Kellner et al. (2014), and Kellner et al. (2016) 

found that while added dietary fat result in improvements in growth performance efficiencies 

when compared to no added fat diet, there is no difference amongst pigs supplemented with 

differing dietary fat sources for ADG, ADFI, and G:F.  Research studying the effect of 

dietary fat source on carcass characteristic tend to be contradictory in that dietary fats have 

been shown to improve carcass characteristics in some studies (Smith et al., 1999; Jackson et 

al., 2009); whereas others (Bee et al., 2002; Apple et al., 2009; Coble et al., 2015) have 

shown no affect, which would agree with findings from the present study.  No interaction 

between dietary fat source and RAC on growth performance and carcass characteristics was 

detected.  Contrary to dietary fat supplementation, the inclusion of RAC to late finishing 

diets significantly improved the live growth performance and carcass characteristics of pigs 

fed 7.5 ppm.  The advantages in growth rate and feed efficiency observed in 7.5 ppm RAC 

were similar to historical baselines for feeding RAC.  The results of this study were 

consistent with other studies (Armstrong et al. 2004; See et al., 2004; Carr et al., 2005; Apple 

et al., 2007) which reported increased final BW, ADG, and decreased ADFI in pigs fed RAC 
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in growth performance measures and increased LMA, HCW, and FFL for carcass 

characteristics.  

Biological and physiological differences between genders resulted in difference in 

growth performance and carcass characteristics. It is well documented that gilts are more 

efficient than physically castrated barrows (NRC, 2012).   Differences in efficiency were 

apparent in growth performance measures as barrows had increased ADG and ADFI, but 

were less feed efficient than gilts as G:F ratios were similar, which agrees with similar results 

observed by previous research (Benz et al., 2011; Lee et al., 2013; Davis et al., 2015).  

Similarly, a relationship between weight gain and sex was observed, where barrows had 

greater final BW’s then gilts, resulting in a 7.7 kg difference in final BW.  Furthermore, 

barrows had increased HCW and BF thickness, while gilts expressed a greater percentage of 

lean as evidence by greater FFL percentage, which is in accordance with other studies (Benz 

et al., 2011; Boler et al. 2014; Overholt et al. 2016).  Differences in carcass characteristics 

between genders is largely a function of fat deposition. Barrows have greater propensity to 

deposit fat, while gilts exhibit a greater propensity for lean, thus, the range in fat deposition 

in barrow populations is greater than in populations of gilts.  In accordance with this study, 

similar results were found, as barrows were fatter than gilts as exhibited by increased BF 

thickness, resulting in carcasses that have a calculated lower percentage of carcass lean.  BF 

thickness was not only significant for gender but a gender X season interaction was observed, 

and a possible explanation is that differences in fat deposit could be exacerbated by heat 

stress.  
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In this study, diurnal variations of environmental temperatures had a profound impact 

of pig performance. It is well documented that pigs are comparatively less heat tolerant than 

other production animal species.  Efforts by the pig to dissipate excess body heat come at a 

cost to health and divert energy away from growth, compromising efficient pig production. 

(Cottrell et al., 2015).  Ambient temperatures below and above critical low and high 

temperatures cause heat production and the energy requirement for maintenance to be above 

those of animals maintained in thermal neutral temperatures (Coffey et al., 1982).  To 

alleviate the effects of heat stress, producers often formulate swine diets with dietary fat, to 

provide fuel that is low in heat increment and is energy dense (NRC, 2012).  However, in this 

study dietary treatments were standardized across both replications, therefore, differences in 

environmental rearing condition are a result of differences in environmental temperatures.  In 

this study, environmental temperature significantly influenced feed intake and growth rates 

temperature.  Pigs reared in elevated temperatures (23.6°C vs 10.9°C) decreased growth 

performance of growing-finishing pigs, which is similar the other studies by White et al. 

2008; Pearce et al., 2013; Cruzen et al. 2015; Kellner  et al. 2016. These authors found that 

the reason was a reduction in feed intake. The voluntary decrease in feed consumption above 

thermo-neutral zone is a response in the pig to reduce the thermal load and an attempt to 

maintain constant body temperature. That relationship was seen in our study where we 

detected a reduction of 0.67 kg/day of feed intake in pigs reared in 23.6°C.  In addition, a 2-

way interaction between season and market pull was observed, and a possibly explanation is 

the effect of final BW amongst marketing groups wasexacerbating the heat stress.  
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Rodríguez-Sánchez et al. (2009) suggest the ideal ambient temperature for a pig depends on 

the BW; the requirements decrease as BW increases. Therefore, difference in final BW and 

heat may have a multiplicative effect growth performance thus, influencing carcass 

characteristics. 

The variation between marketing pulls in this study is largely a function of growth 

rates of pigs that reach physiological maturity earlier. In a multiple pull marketing strategy,  

producers market pigs from a single barn, selecting a  set percentage of pigs to market per a 

pen, typically over 2 to 6 wk to minimize variation in ending BW (Gerlemann et al., 2014). 

Similar ending BW from this marketing strategy are due to reduced competition as groups of 

pigs are removed, floor and feeder space increase, leading to gains in ADG, ADFI, and G:F 

of the remaining pigs (DeDecker et al., 2005).  Pigs marketed in the present study were not 

marketed by individual pig, instead pigs were marketed by pen. Thus, pigs in our study did 

not benefit from additional floor or feeder space suggesting that differences observed were a 

result of physiological maturity. Similarly, Shircliff et al., (2015) reported that genetically 

superior animals grew faster and gained more, thereby surpassing the slow-growing, late 

maturing pigs left in the third cut. 

 

Fatty Acid Composition and Iodine Value  

 

Multiple researchers have shown that pork carcass fat is a reflection of the fatty acid 

composition of a dietary fat source (Apple et al., 2009; Averette Gatlin et al., 2002; Benz et 
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al., 2011; Wood et al., 2008).  Ellis and Isbell, (1926) first illustrated, that dietary fats can 

greatly influence overall pork quality by altering the degree of firmness of pork fat.  These 

authors reported that increasing the degree of unsaturation in the diet, resulted in lard with 

increased proportions of unsaturated fatty acids.  This suggests that addition of dietary fat 

with a high-unsaturated fatty acid profile, such as corn oil, changes the proportion of fatty 

acids in adipose tissues in pigs.  The resulting change in highly unsaturated adipose tissue 

results in softer carcass fat. Soft fat, can lead to processing problems, affect the quality and 

shelf life of processed pork products, and influence their ability to meet fresh pork export 

specifications (Carr et al., 2005).  Decreases in shelf life are a result of higher levels of 

unsaturated fatty acids result in rapid oxidation (Wood et al., 2004).  Concomitantly, addition 

of saturated fats, such as tallow, which has greater concentrations of MUFA and SFA, 

inversely affected C18:2 and PUFA concentrations. Use of an unsaturated dietary fat versus a 

saturated fat has been shown to increase the mRNA abundance of fatty acid synthase 

(Kellner et al., 2016). While use of a saturated dietary fat, in comparison with unsaturated fat 

source suppresses fatty acid synthase and de novo lipogenesis.  Decreasing the rate of de 

novo synthesis allows carcass adipose tissue to accumulate higher concentrations of 

unsaturated dietary fatty acids.  In our study, we observed a similar pattern in that degree of 

saturation of the dietary fat source significantly affected the overall fatty acid composition of 

loin BF and belly fat depots. Not surprisingly, the addition of CO significantly increased 

C18:2, PUFA, and UFA:SFA ratio regardless of fat depot.  Concurrently, TA inclusion 

increased SFA level and MUFA levels, while decreasing C18:2, PUFA, and MUFA/PUFA 
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ratio.  Differences in relative fatty acid concentrations between TA and CO fed pigs are 

consistent with other studies by Averette Gatlin et al., 2002, Bee et al., 2002, Apples et al., 

2008, Browne et al., 2013, in which proportion of C18:2, C18:3, and PUFA were greater in 

pigs fed a more unsaturated fat source.   

Inclusion of RAC did not influence IV in the present study however; there was an 

interaction for RAC inclusion and dietary fat source for IV of belly fat depot. The effect of 

RAC on fatty acid composition and IV of fresh pork bellies is not as well established as the 

impact of dietary fats and oils.  Discrepancy in the impact of dietary RAC on belly firmness 

may be explained by changes in the moisture content associated with increased carcass 

leanness, increases in belly fat linoleic acid content, or both Apple et al. (2007). 

Nutrition is the main factor through which the lipid and fatty acid deposition in pigs 

may be altered; however, other production factors such as diet, carcass fatness, age with a 

concurrent increase in BW, sex, breed, and environmental factors can all influence fat quality 

(Nürnberg et al., 1998).  Differences in fatty acid composition were observed between the 

fixed effect variables of sex, season, and market pull for both loin BF and belly fat depots. 

This is due to reflective differences in fatty acid concentrations between genders, as barrow 

had a greater propensity to deposit more saturated fatty acids than gilts.  Moreover, gilt 

carcasses in our study had higher lean proportions resulting in lower fat proportion than those 

of barrow, thus differences in lipid deposition rates between genders, resulting in greater 

concentration of C18:2 in loin BF and tended to be greater in belly fat of gilts which is a 

reflection of adiposity between genders.  Correa et al. (2008) reported similar results in that 
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gilts had lower concentrations of palmitic acid, stearic acid, and lower percentage of total 

saturated fatty acids, but had higher concentrations of linoleic acid and higher percentage of 

polyunsaturated fatty acids when compared to barrows.   

Environmental temperature increased in the summer replication and had greater effect 

on C18:2 concentrations and overall greater PUFA levels when compared to the winter 

replication.  It is logical to assume that increasing environmental temperature creates 

additional stressors that negatively affect carcass fat quality due to reductions in growth 

performance.  Kouba et al., 2001 observed that when temperatures exceed 23.9°C pigs 

exhibit a reduction in feed intake leading to depressed growth rates.  When pigs are exposed 

to high temperatures, their rate of fat metabolism is also altered, resulting in increased plasma 

triglyceride uptake and storage in adipose tissue leading to greater fatness.  The increase in 

carcass fatness during elevated ambient temperatures led to a shift in fat deposition towards 

internal fat deposition sites, and led to increased lipid concentration in subcutaneous fat sites.  

Additionally, environmental stressors and reduced spatial allocation have been shown to 

upregulate fatty acid synthesis by increasing the expression of stearoyl-CoA desaturase 

(White et al. 2008). When stearoyl-CoA desaturase expression is increased, more saturated 

fatty acids will be desaturated, thus altering the ratio of saturated to unsaturated fatty acids in 

favor of unsaturation. When pigs were reared in elevated environmental temperatures, the 

level of C18:2 and PUFA concentrations increase; however, these pigs had a more saturated 

fatty acid profile then pigs reared in cooler temperatures. Even though pigs reared in cooled 

temperatures were more unsaturated, this difference is a reflection of the relationship 
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between the increased percentages of MUFA present.  Fuller et al. (1974) and Le Dividich et 

al. (1987) both observed a similar occurrence in increasing the degree of unsaturation in 

adipose sample in relation to increased MUFA concentrations when comparing differing 

environmental temperature ranges.   

Diets containing corn oil had greater concentration of unsaturated fat leading to a 

significantly higher IV when compared to tallow.  Kellner et al. (2014) observed that feeding 

a highly unsaturated fat source of corn oil at either 3 or 6% of the diet significantly increased 

IV when compared with beef tallow. The difference between IV values is reflective of the 

differences observed amongst fatty acid profiles as it is a measure of double bonds present in 

a lipid sample and is calculated from the fatty acid profile.  Subsequently, as IV is a predictor 

of the fatty acid profile, it provides an estimate to the degree of unsaturation of carcass fat. 

Therefore, IV is currently being used by the packing industry as an indicator of pork carcass 

fat quality. Benz et al., 2011 notes acceptable IV of backfat ranges from 70 g/100g 

established by research from Barton-Gade, 1987; Madsen et al., 1992; NPPC, 2000 to 75 

g/100 g  set by Boyd et al., 1997. The IV of loin BF and belly fat samples for pigs fed TA 

were less than 70 g/100 g fat, while similar samples from CO fed pigs would fail to meet 

either standard for IV with values of 88.55 and 83.51 g/100 g, respectively. Not surprisingly, 

dietary fat source accounted for the largest single source of variation amongst IV’s for all 

fixed effects, IV difference of 18.85 and 15.06 g/100 g were present between loin BF and 

belly fat samples.  
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In conclusion, we clearly demonstrate that the addition of the supplemental fat source 

CO (IV = 122.4), had a greater impact on loin BF (CO = 88.45 vs. TA = 69.43) and belly fat 

(CO = 84.09 vs. TA = 67.81) IV than TA. CO supplementation resulted in poor fat quality, 

exhibited greater C18:2 concentrations, PUFA concentrations, and IV; the IV of CO was 

83.51 g/100g and would fail to meet industry standards of 74 g/100g.  While dietary fat 

source is the primary determinant in fatty acid composition and IV, other variables such as, 

sex, season, and market pull were shown to influence fatty acid composition and IV, and can 

have a compound effect on acerbating issues related to pork quality. Understanding the 

interactions amongst these variables is a crucial step in mitigating issues in pork fat quality.  
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Table 2.1 Temperatures ranges for Clayton WTP station (Clayton, NC 27520) for summer 

and winter replications 
  

 

Summer Winter 

Maximum temperature, 
o

C 34.4 30.6 

Minimum temperature, 
o

C 13.9 -7.2 

Mean temperature, 
o

C 23.6 10.9 

1 Thermal data provided by National Climatic Data Center (NOAA) 
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Table 2.2 Dietary composition and calculated nutrient analysis of experimental diets fed (as-fed basis) 

 

Item 

Phase 1 

(Pre-test) 

Phase 2 

(0-24 d) 

Phase 2 

(0-24 d) 

 

Phase 3 

(24-45 d) 

 

 

Phase 3 

(24-45d) 

 

Phase 4 

(45-76 d) 

Phase 4 

(45-76 d) 

Phase 4 

(45-76 d) 

Phase 4 

( 45-76 d) 

 CO TA CO TA CO TA CO+RAC TA+RAC 

Ingredient, %          

Corn, yellow dent 58.99 44.9 44.95 49.6 49.62 53.75 53.78 45.12 45.15 

DDGS1 20 - - - - - - - - 

Soybean meal 17.76 15.93 15.93 11.61 11.61 7.61 7.61 15.93 15.93 

Wheat, hard red winter - 30 30 30 30 30 30 30 30 

Tallow - 0 6 0 6 6 0 6 0 

Corn oil - 6 0 6 0 0 6 0 6 

L-lysine HCl 0.42 0.42 0.4 0.41 0.4 0.41 0.39 0.42 0.4 

DL-methionine 0.05 0.09 0.08 0.06 0.05 0.05 0.04 0.11 0.1 

L-threonine 0.1 0.14 0.14 0.14 0.14 0.14 0.14 0.17 0.17 

Monocalcium phosphate 0.53 0.51 0.51 0.35 0.35 0.23 0.23 0.37 0.37 

Limestone 1.46 1.3 1.28 1.17 1.17 1.16 1.16 1.13 1.13 

Salt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

VTM2 0.04 0.18 0.18 0.13 0.13 0.02 0.02 0.03 0.03 

Optiphos 20003 0.15 0.01 0.01 0.01 0.01 0.11 0.11 0.16 0.16 

Santoquin liquid4 - 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

Ractopamine HCL5      - - 0.04 0.04 

Calculated Nutrient Composition        

ME, kcal/lb.  3556.67 3512.57 3572.10 3528.00 3580.92 3536.82 3567.69 3521.39 

Crude Protein, %  16.19 16.17 14.5 14.48 12.92 12.9 16.25 16.22 

Linoleic Acid, %  4.43 1.41 4.5 1.48 4.56 1.54 4.43 1.41 

IVP6  104.34 55.76 106.07 57.49 107.59 59.0 104.47 55.88 
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 Table 2.2   Continued 
 

Standard ileal digestible (SID) amino acids,% 

Lys, %  0.93 0.92 0.82 0.81 0.72 0.71 0.93 0.92 

Thr, %  0.59 0.59 0.53 0.53 0.48 0.47 0.62 0.61 

Met, %  0.31 0.3 0.26 0.25 0.23 0.22 0.32 0.32 

Met+Cys,%  0.56 0.55 0.49 0.49 0.44 0.44 0.58 0.57 

Trp, %  0.16 0.16 0.91 0.9 0.12 0.12 0.16 0.16 

Total Lys, %  1.03 1.02 0.551 0.551 0.80 0.79 1.03 1.02 

Ca, %  0.64 0.63 0.40 0.40 0.51 0.51 0.55 0.55 

Total P  0.46 0.46 0.27 0.27 0.36 0.36 0.43 0.43 

Avail.  P  0.31 0.31 0.28 0.28 0.24 0.24 0.28 0.28 
1 DDGS = corn dried distillers grains with solubles.   

2 VTM = Vitamin Trace Mineral  
3 Optiphos 2000 (Enzyvia LLC, Sheridan, IN) provided per kilogram of diet: 998.8 phytase units (FTU)/kg and 0.11% available P released 
4 Santoquin liquid ® Novus International, INorth Carolina.  St.  Louis, MO 
5 Ractopamine HCL 

6Iodine value product = % of diet lipids × iodine value of the dietary lipids × 0.1 (Madsen, 1992). 
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Table 2.3 Fatty acid proportions of the dietary fat from diets fed during phase 4 (45-76 d). 

 

 

Item 

Summer Winter 

CO 

CO + 

RAC TA 

TA + 

RAC CO 

CO + 

RAC TA 

TA + 

RAC 

Fatty acid, %1         

C 12:0 0.00 0.00 0.14 0.27 0.00 0.01 0.15 0.28 

C 14:0 0.27 0.10 3.69 3.73 0.16 0.38 3.04 3.80 

C 16:0 14.16 13.91 21.18 25.19 13.66 14.73 22.89 25.06 

C 16:1 0.26 0.24 2.75 2.61 0.37 0.39 2.39 2.55 

C 18:0 1.81 1.79 11.63 11.31 2.25 2.16 11.44 11.13 

C 18:1 24.43 26.02 31.68 30.18 25.71 25.21 32.09 28.12 

C 18:2n6 56.54 55.59 23.25 21.43 54.21 54.24 23.62 23.74 

C 18:3n3 1.65 1.50 1.56 1.55 1.62 1.58 1.61 1.86 

C 20:0 0.24 0.23 0.08 0.15 0.13 0.21 0.11 0.18 

C 20:1 0.17 0.19 0.05 0.15 0.28 0.18 0.15 0.19 

Other fatty acids,%2 0.46 0.42 3.78 3.44 1.44 0.92 2.51 3.08 

SFA3 16.72 16.25 38.82 42.92 17.02 17.95 39.11 42.15 

MUFA4 25.05 26.58 35.96 33.75 26.58 26.01 35.37 31.67 

PUFA5 58.23 57.17 25.03 23.34 56.21 56.04 25.52 26.09 

MUFA:PUFA 0.43 0.47 1.44 1.45 0.47 0.46 1.39 1.22 

U:S 4.98 5.15 1.57 1.33 4.86 4.57 1.56 1.37 

IV6 123.77 123.02 74.27 69.77 120.93 120.34 75.15 72.77 

IVP7 98.74 88.60 58.99 58.74 96.20 104.64 56.60 63.35 
1 Lauric (C12:0), Myristic (C14:0), Palmitic (C16:0), Palmitoleic (C16:1), Stearic (C18:0), Oleic (C18:1), 

Linoleic (C18:2n6),  α-Linoleic (C18:3n3), Arachidic (C20:0), Gondoic (C20:1) 

2 Other fatty acids = Capric acid [C10:0] + Myristoleic acid [C14:1] + Pentadecanoic acid [C15:0] +Margaric 

acid [C17:0] + Heptadecenoic acid [C17:1(n7)] + Eicosadienoic acid [C20:2(n6)] + Arachidonic acid 

[C20:4(n6)] + Behenic acid [C22:0] + Lignoceric acid [C24:0] 

3 SFA = saturated fatty acid = 10:0 + 12:0 + 14:0 + 15:0 + 16:0 + 17:0 + 18:0 + 20:0 + 22:0 + 24:0. 

4 MUFA= mono-unsaturated fatty acid = 14:1 + 16:1 + 17:1 + 18:1 + 20:1 + 22:1(n9). 

5 PUFA = poly-unsaturated fatty acid = 18:2(n6) + 18:3(n3) + 20:2(n6) + 20:3(n6) + 20:4(n6) + 20:3(n3) + 

22:4(n6). 

6 Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 

1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets indicate concentration (AOCS, 1998). 
7 Iodine value product = % of diet lipids × iodine value of the dietary lipids × 0.1 (Madsen, 1992). 

     

 

 

https://dl.sciencesocieties.org/publications/jas/articles/92/12/5485#ref-1
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Table 2.4 Least squares means for the effects of saturation level, RAC inclusion, sex, season, and market pull on growth performance 

and carcass characteristics of growing-finishing pigs. 

 

 

 

  

 Fat Source  RAC   Sex  Season  Pull  

Item CO TA SEM NO RAC RAC SEM B G SEM SUM WINT SEM 1 2 3 SEM 

Growth 

Performance 

  
              

Final BW, kg 121.8 122.6 2.2 120.6 123.8 2.2 126.1 118.4 2.2 116.3 128.1 2.2 122.4 125.9 118.3 3.2 

ADG, kg 1.13 1.14 0.02 1.11 1.16 0.02 1.18 1.06 0.02 1.03 1.24 0.02 1.17a 1.16a 1.07b 0.02 

ADFI, kg 2.91 2.86 0.07 2.89 2.88 0.07 3.03 2.73 0.07 2.55 3.22 0.07 2.92 2.98 2.75 0.09 

G:F 0.41 0.41 0.01 0.40 0.42 0.01 0.41 0.41 0.01 0.43 0.39 0.01 0.41 0.39 0.42 0.01 

Live Ultrasound                 

BF, cm 2.26 2.23 0.03 2.27 2.23 0.03 2.50 2.00 0.03 2.07 2.42 0.03 2.26 2.28 2.20 0.04 

LMA, cm2 40.74 41.03 0.09 39.95 41.81 0.09 41.05 40.72 0.09 41.29 40.47 0.09 40.76 40.81 41.08 0.14 

Carcass 

Characteristics                 

HCW, kg 93.6 94.0 1.5 92.4 95.2 1.5 96.3 91.3 1.5 88.2 99.4 1.5 94.6 95.2 92.5 2.4 

Carcass Yield,% 76.8 76.7 0.20 76.6 76.9 0.20 77.1 76.4 0.20 75.8 77.6 0.20 77.3a 76.2ab 76.7b 0.21 

FFL, %  49.6 49.7 0.15 49.4 50.0 0.15 48.4 51.0 0.15 50.9 48.4 0.15 49.6ab 49.3a 50.2b 0.15 
a,b,Row means followed by the same letter do not differ (P > 0.05). 

 



 

84 

    

 

Table 2.5 P-values for the effect of saturation level, RAC inclusion, sex, season, and market pull on growth performance and carcass 

characteristics of grow-finish pigs. 
 

 

 

 
P-value 

Item Fat RAC Sex Season Pull 

Season 

X 

Pull 

Sex 

X 

Season 

Sex 

X 

Pull 

Sex 

X Season X 

Pull 

Fat X Sex 

X 

Season X Pull 

 

Growth Performance 

     
     

Final BW, kg 0.62 <0.01 <0.01 <0.01 0.15 <0.01 0.14 0.32 0.83 0.64 

ADG, kg 0.52 <0.01 <0.01 <0.01 <0.01 <0.01 0.40 0.96 0.58 0.65 

ADFI, kg 0.45 0.78 <0.01 <0.01 0.15 <0.01 0.47 0.82 0.15 0.35 

G:F 0.54 0.25 0.75 0.04 0.09 <0.01 0.58 0.78 0.63 0.53 

 

Live Ultrasound 

     
     

BF, cm 0.41 0.32 <0.01 <0.01 0.39 0.05 0.04 0.96 0.03 0.07 

LMA, cm2 0.49 <0.01 0.43 0.06 0.96 0.08 0.12 <0.01 0.52 0.06 

 

Carcass Characteristics 

     
     

HCW 0.76 <0.01 <0.01 <0.01 0.44 0.57 0.20 0.18 0.13  0.34 

Carcass Yield,% 0.77 0.21 0.01 <0.01 0.02 <0.01 0.92 0.48 <0.01 0.82 

FFL, % 0.51 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 0.03 0.11 <0.01 
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Table 2.6. Effects of dietary treatment on backfat, belly, and carcass fat depots IV. 

 

    P-value 

 
TA TA+RAC CO CO+RAC SEM FAT RAC FAT x RAC 

Dietary IV1 74.7 71.3 122.4 121.7 - - - - 

Loin BF IV1 69.4 a 70.1 a 88.5 b 88.6 b 0.77 0.01 0.46 0.63 

Belly IV1 67.9 a 69.1 a 84.1  b 82.9 b 0.65 0.01 0.96 0.05 

a,b,Row means followed by the same letter do not differ (P > 0.05). 

1
Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 

+ [C22:1] × 0.723; brackets indicate concentration (AOCS, 1998). 

 

https://dl.sciencesocieties.org/publications/jas/articles/92/12/5485#ref-1
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Table 2.7 Descriptive statistics of fatty acid profile and iodine value of loin BF and belly fat depots of growing-finishing pigs. 

  
Belly Backfat 

Item Avg SD Max Min Avg SD Max Min 

Fatty Acid, %1         

C 14:0 1.94 0.38 2.95 ND 1.87 0.38 3 0.85 

C 16:0 22.79 2.09 28.33 17.84 22.46 2.35 27.89 16.05 

C 16:1  2.97 0.73 5.53 1.06 2.51 0.69 4.83 0.89 

C 18:0 8.25 1.58 13.73 5.34 8.19 1.56 13.44 4.44 

C 18:1  39.34 4.3 51.48 28.2 37.07 4.53 46.33 27.37 

C 18:2n6 20.21 7.27 37.69 5.01 23.33 8.51 43.54 10.16 

C 18:3n3  0.74 0.16 1.17 ND 0.85 0.12 1.2 0.5 

C 20:1  0.53 0.14 1.2 ND 0.46 0.09 0.8 0.23 

 MUFA2 2 43.25 5.02 54.65 30.81 40.55 5.4 50.78 28.84 

PUFA3 21.56 7.38 39.68 5.46 24.77 8.6 45.66 11.21 

SFA 4 34.39 3.38 45.6 26.5 33.92 3.84 43.28 23.26 

MUFA/PUFA ratio 2.33 1.01 5.94 0.78 1.93 0.89 4.13 0.63 

U/S ratio 1.91 0.29 2.75 1.18 1.96 0.35 2.98 1.29 

Iodine Value5 75.97 9.26 98.44 54.58 79.28 10.89 109.55 59.24 
*ND = None Detectable 
1
Myristic (C14:0), Palmitic (C16:0), Palmitoleic (C16:1), Stearic (C18:0), Oleic (C18:1), Linoleic (C18:2n6), α-Linoleic (C18:3n3) 

2
MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1. 

3
PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4. 

4
SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 

5
Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] 

× 0.723; brackets indicate concentration (AOCS, 1998). 
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Table 2.8 Descriptive statistics of fatty acid profile and iodine value of loin BF samples of grow-finish pigs fed during summer. 

 

Season Summer 

 Fat  
 TA   CO  

 Sex 

 Pull 

Barrow  Gilt Barrow Gilt 

1 2 3         1             2        3     1     2       3     1           2          3 

  AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD 

C10:0 0.17 0.03 0.16 0.04 0.16 0.03 0.15 0.04 0.13 0.05 0.14 0.04 0.16 0.03 0.17 0.06 0.20 0.06 0.15 0.04 0.14 0.04 0.15 0.04 

C12:0 0.15 0.03 0.15 0.03 0.16 0.03 0.14 0.03 0.13 0.03 0.16 0.03 0.13 0.02 0.13 0.04 0.16 0.02 0.13 0.03 0.12 0.03 0.13 0.02 

C14:0 2.20 0.29 2.18 0.34 2.34 0.25 2.13 0.19 2.10 0.28 2.35 0.34 1.74 0.19 1.67 0.20 1.79 0.22 1.64 0.20 1.61 0.28 1.60 0.19 

C14:1 0.07 0.02 0.06 0.02 0.06 0.04 0.06 0.03 0.07 0.03 0.06 0.05 0.01 0.02 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00 

C15:0 0.14 0.04 0.13 0.03 0.14 0.07 0.10 0.06 0.13 0.06 0.12 0.10 0.05 0.04 0.04 0.03 0.05 0.02 0.05 0.02 0.04 0.03 0.06 0.03 

C16:0 24.43 1.48 24.94 2.13 24.36 1.01 24.30 0.82 24.00 1.68 23.66 1.60 22.23 1.16 21.42 1.38 21.48 1.36 20.88 1.29 20.47 1.92 19.19 1.26 

C16:1  3.14 0.47 3.02 0.62 2.98 0.43 3.04 0.41 3.04 0.66 2.91 0.37 2.05 0.39 2.11 0.33 1.88 0.31 2.06 0.30 2.00 0.53 1.57 0.28 

C17:0 0.56 0.07 0.50 0.10 0.58 0.10 0.51 0.09 0.56 0.09 0.68 0.11 0.26 0.12 0.24 0.06 0.23 0.04 0.25 0.06 0.25 0.09 0.27 0.08 

C17:1 0.56 0.09 0.48 0.09 0.56 0.10 0.49 0.09 0.56 0.13 0.63 0.10 0.24 0.10 0.21 0.05 0.20 0.03 0.26 0.05 0.25 0.06 0.24 0.05 

C18:0 9.37 1.15 9.65 1.46 9.33 1.39 9.29 1.00 9.26 1.90 9.08 1.11 8.29 0.79 7.57 1.39 7.69 0.97 7.28 0.76 7.30 1.64 6.73 1.16 

C18:1n-7 0.83 0.08 0.77 0.17 0.96 0.12 0.77 0.18 0.90 0.15 1.09 0.13 0.18 0.21 0.11 0.06 0.15 0.10 0.15 0.07 0.20 0.21 0.23 0.16 

C18:1n-9 39.66 1.81 40.15 2.49 39.94 1.43 39.56 1.06 40.22 1.25 38.78 1.85 32.68 1.80 32.66 1.40 31.06 1.37 32.13 1.70 32.92 3.42 29.89 1.49 

C18:2n-6 15.83 1.67 15.09 4.69 15.58 1.73 16.64 1.66 16.03 2.63 17.36 1.81 29.15 3.42 30.86 2.82 32.22 2.88 32.11 3.12 31.78 6.02 36.84 2.99 
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Table 2.8 Continued  

C18:3n-3 0.83 0.09 0.76 0.12 0.85 0.11 0.82 0.10 0.84 0.14 0.95 0.11 0.83 0.07 0.86 0.09 0.90 0.10 0.90 0.11 0.90 0.16 1.05 0.10 

C18:3n-6 0.05 0.02 0.04 0.03 0.04 0.03 0.05 0.02 0.05 0.02 0.06 0.03 0.08 0.02 0.08 0.03 0.09 0.02 0.10 0.02 0.08 0.03 0.12 0.03 

C20:0 0.12 0.06 0.12 0.03 0.09 0.03 0.11 0.04 0.12 0.07 0.07 0.03 0.12 0.02 0.10 0.03 0.09 0.03 0.09 0.02 0.09 0.04 0.08 0.03 

C20:1 0.51 0.12 0.53 0.09 0.50 0.08 0.50 0.06 0.49 0.10 0.42 0.09 0.43 0.05 0.42 0.07 0.40 0.05 0.39 0.05 0.39 0.09 0.33 0.05 

C20:2 0.07 0.15 0.02 0.02 0.03 0.04 0.04 0.04 0.03 0.03 0.04 0.03 0.01 0.02 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.01 

C20:3n-3 0.07 0.03 0.05 0.03 0.05 0.03 0.05 0.03 0.05 0.03 0.05 0.03 0.05 0.02 0.04 0.03 0.04 0.03 0.06 0.02 0.05 0.02 0.04 0.03 

C20:3n-6 0.09 0.02 0.07 0.04 0.07 0.04 0.08 0.03 0.09 0.04 0.08 0.04 0.12 0.02 0.10 0.05 0.11 0.04 0.13 0.03 0.12 0.03 0.13 0.03 

C20:4 0.27 0.04 0.25 0.05 0.27 0.05 0.27 0.05 0.27 0.06 0.33 0.06 0.32 0.04 0.34 0.04 0.35 0.05 0.36 0.07 0.37 0.06 0.42 0.08 

C21:0 0.41 0.03 0.39 0.09 0.45 0.03 0.37 0.06 0.43 0.05 0.48 0.04 0.10 0.07 0.06 0.04 0.07 0.02 0.09 0.02 0.09 0.08 0.08 0.02 

C22:0 0.39 0.08 0.42 0.13 0.40 0.04 0.46 0.12 0.41 0.06 0.39 0.06 0.77 0.10 0.82 0.09 0.82 0.07 0.79 0.08 0.80 0.16 0.82 0.06 

IV1 69.43 2.74 67.95 6.65 69.07 3.10 70.44 2.71 70.11 4.80 71.69 3.57 84.86 4.55 87.82 4.75 88.83 4.53 89.86 4.61 89.92 7.90 96.28 4.69 

SFA2 37.40 1.84 38.11 2.97 37.42 1.91 37.08 1.45 36.71 2.77 36.55 2.44 33.71 1.92 32.12 2.56 32.47 2.21 31.21 1.99 30.78 2.98 28.98 2.25 

MUFA3 44.20 1.76 44.54 2.91 44.45 1.59 43.92 1.20 44.71 1.45 43.25 1.88 35.35 2.27 35.30 1.47 33.49 1.56 34.74 1.89 35.52 3.91 32.02 1.62 

PUFA4 17.30 1.74 16.35 4.83 16.98 1.94 18.03 1.79 17.44 2.84 18.97 1.98 30.56 3.46 32.27 2.97 33.72 3.04 33.66 3.31 33.32 6.18 38.60 3.16 

1Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets 

indicate concentration (AOCS, 1998). 
2SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 
3MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1.   
4PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4 

https://dl.sciencesocieties.org/publications/jas/articles/92/12/5485#ref-1
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Table 2.8 Continued 

Season Winter 

Fat TA  CO 

Sex Barrow Gilt Barrow Gilt 

Pull 1 2 3 1 2 3 1 2 3 1 2 3 

 
AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD 

C10:0 0.11 0.02 0.12 0.03 0.12 0.04 0.13 0.03 0.11 0.03 0.11 0.03 0.12 0.05 0.12 0.03 0.12 0.03 0.11 0.03 0.11 0.03 0.11 0.02 

C12:0 0.12 0.03 0.12 0.03 0.12 0.02 0.12 0.03 0.12 0.03 0.11 0.03 0.10 0.03 0.10 0.02 0.11 0.02 0.11 0.03 0.10 0.02 0.10 0.02 

C14:0 2.12 0.26 2.06 0.31 2.07 0.26 2.02 0.28 2.03 0.29 1.99 0.31 1.57 0.34 1.59 0.19 1.63 0.22 1.64 0.25 1.45 0.30 1.54 0.24 

C14:1 0.06 0.02 0.06 0.02 0.06 0.02 0.06 0.02 0.06 0.02 0.07 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

C15:0 0.12 0.05 0.14 0.05 0.13 0.04 0.12 0.03 0.15 0.03 0.14 0.04 0.06 0.03 0.05 0.03 0.06 0.02 0.05 0.02 0.06 0.03 0.06 0.03 

C16:0 24.90 1.24 23.82 1.67 23.38 1.85 24.10 1.63 23.69 1.60 22.85 1.58 21.12 1.77 21.89 1.75 20.97 1.69 21.46 2.17 19.81 2.22 19.86 1.71 

C16:1  3.13 0.51 3.05 0.34 3.18 0.52 3.16 0.32 2.97 0.40 2.93 0.28 2.13 0.75 1.99 0.29 2.04 0.25 2.07 0.47 1.86 0.29 2.08 0.34 

C17:0 0.48 0.09 0.55 0.12 0.51 0.11 0.44 0.13 0.55 0.08 0.55 0.09 0.26 0.10 0.24 0.08 0.24 0.05 0.25 0.07 0.29 0.09 0.27 0.10 

C17:1 0.60 0.15 0.67 0.18 0.64 0.15 0.59 0.13 0.66 0.10 0.68 0.15 0.30 0.12 0.25 0.10 0.30 0.09 0.31 0.12 0.32 0.07 0.32 0.09 

C18:0 9.15 1.35 8.97 1.47 8.05 1.33 8.99 1.37 9.02 0.97 8.52 0.84 7.80 1.36 7.62 1.21 6.96 1.32 7.51 1.35 6.96 1.08 6.42 0.88 

C18:1n-7 41.86 1.80 42.17 2.10 42.27 2.87 41.86 2.13 42.07 1.81 42.05 2.27 36.12 2.94 34.87 1.90 35.02 1.62 34.02 2.84 33.62 2.38 34.93 2.24 

C18:1n-9 0.68 0.33 0.50 0.46 0.70 0.27 0.71 0.15 0.66 0.47 0.56 0.41 0.22 0.18 0.15 0.17 0.16 0.10 0.20 0.32 0.21 0.18 0.19 0.14 

C18:2n-6 13.84 1.20 14.78 2.21 15.73 3.38 14.75 2.34 15.01 1.61 16.31 2.16 27.23 5.04 29.19 4.17 29.44 2.85 29.48 4.67 32.15 3.87 31.13 3.72 

C18:3n-3 0.78 0.08 0.81 0.10 0.83 0.10 0.83 0.13 0.83 0.08 0.86 0.14 0.78 0.12 0.77 0.14 0.79 0.11 0.84 0.10 0.89 0.11 0.86 0.10 
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Table 2.8 Continued 

C18:3n-6 0.03 0.03 0.04 0.03 0.04 0.03 0.05 0.03 0.04 0.03 0.05 0.03 0.06 0.04 0.07 0.03 0.07 0.03 0.06 0.04 0.08 0.03 0.07 0.04 

C20:0 0.12 0.03 0.11 0.04 0.10 0.03 0.10 0.03 0.11 0.02 0.10 0.01 0.12 0.03 0.11 0.04 0.10 0.03 0.10 0.04 0.11 0.03 0.10 0.02 

C20:2 0.04 0.03 0.06 0.03 0.06 0.03 0.05 0.03 0.06 0.04 0.08 0.02 0.03 0.04 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 

C20:1 0.55 0.06 0.55 0.09 0.53 0.07 0.50 0.08 0.50 0.06 0.50 0.08 0.50 0.11 0.41 0.05 0.44 0.05 0.41 0.08 0.41 0.08 0.41 0.07 

C20:3n-6 0.07 0.03 0.09 0.04 0.07 0.03 0.08 0.03 0.07 0.04 0.09 0.04 0.09 0.05 0.09 0.04 0.10 0.04 0.09 0.04 0.11 0.03 0.11 0.04 

C20:3n-3 0.06 0.02 0.08 0.02 0.07 0.02 0.06 0.03 0.06 0.03 0.07 0.03 0.04 0.04 0.04 0.03 0.06 0.02 0.04 0.03 0.07 0.02 0.05 0.03 

C20:4 0.23 0.04 0.25 0.05 0.28 0.09 0.24 0.07 0.24 0.05 0.27 0.05 0.30 0.08 0.30 0.07 0.32 0.05 0.30 0.06 0.35 0.05 0.35 0.07 

C21:0 0.45 0.08 0.46 0.12 0.52 0.09 0.48 0.06 0.50 0.06 0.51 0.08 0.13 0.11 0.11 0.05 0.13 0.03 0.11 0.09 0.14 0.06 0.16 0.05 

C22:0 0.40 0.05 0.43 0.06 0.44 0.09 0.47 0.19 0.41 0.07 0.48 0.15 0.92 0.24 0.80 0.12 0.86 0.12 0.78 0.14 0.87 0.14 0.85 0.13 

IV1 67.34 2.94 69.31 4.29 71.41 4.94 69.16 4.31 69.56 3.28 72.02 3.82 84.35 6.80 86.44 7.62 87.29 5.06 86.45 6.58 90.99 5.97 90.38 5.32 

SFA2 37.41 2.35 36.19 3.01 34.79 3.04 36.38 2.83 36.04 2.44 34.73 2.42 32.00 2.96 32.47 2.66 30.99 2.89 31.98 3.36 29.69 3.14 29.26 2.44 

MUFA3 46.29 1.80 46.34 2.20 46.74 3.26 46.29 2.03 46.26 1.90 46.10 2.09 38.98 3.63 37.43 1.97 37.67 1.58 36.71 3.44 36.11 2.57 37.61 2.47 

PUFA4 15.13 1.35 16.20 2.36 17.18 3.48 16.13 2.52 16.39 1.74 17.84 2.36 28.54 5.21 30.51 4.36 30.84 3.03 30.84 4.76 33.68 4.02 32.60 3.86 

1Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets 

indicate concentration (AOCS, 1998). 
2SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 
3MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1.   
4PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4 

.   
 

 

 

 

https://dl.sciencesocieties.org/publications/jas/articles/92/12/5485#ref-1
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Table 2.9 Descriptive statistics of fatty acid profile and iodine value of belly fat samples of growing-finishing pigs fed during winter. 

 

Season Summer 

Fat TA CO 

Sex Barrow Gilt Barrow Gilt 

Pull 1 2 3 1 2 3 1 2 3 1 2 3 
 

AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD 

C10:0 0.16 0.04 0.18 0.03 0.18 0.05 0.15 0.03 0.16 0.04 0.17 0.04 0.17 0.03 0.18 0.04 0.20 0.06 0.16 0.03 0.17 0.03 0.19 0.05 

C12:0 0.14 0.03 0.16 0.02 0.15 0.04 0.14 0.03 0.14 0.04 0.15 0.02 0.14 0.02 0.13 0.03 0.15 0.04 0.12 0.02 0.14 0.03 0.14 0.03 

C14:0 2.19 0.28 2.22 0.23 2.30 0.25 2.22 0.28 2.20 0.23 2.35 0.15 1.89 0.17 1.80 0.20 1.99 0.32 1.73 0.23 1.76 0.19 1.95 0.26 

C14:1 0.07 0.02 0.06 0.02 0.06 0.03 0.06 0.01 0.05 0.03 0.07 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.02 

C15:0 0.11 0.03 0.10 0.03 0.12 0.03 0.11 0.03 0.09 0.04 0.14 0.04 0.05 0.02 0.03 0.02 0.04 0.04 0.05 0.02 0.04 0.02 0.06 0.03 

C16:0 24.71 1.04 24.02 1.21 23.64 1.58 23.65 1.36 23.99 1.34 23.83 1.16 21.99 1.01 21.26 1.24 21.58 1.66 21.51 1.18 20.96 0.83 21.61 2.06 

C16:1  3.49 0.54 3.65 0.54 3.46 0.61 3.68 0.56 3.55 0.68 3.62 0.68 2.54 0.36 2.73 0.45 2.71 0.65 2.62 0.50 2.48 0.29 2.62 0.74 

C17:0 0.44 0.08 0.45 0.07 0.48 0.09 0.38 0.08 0.48 0.14 0.54 0.07 0.22 0.05 0.21 0.08 0.25 0.08 0.20 0.04 0.22 0.06 0.25 0.10 

C17:1 0.56 0.11 0.52 0.07 0.52 0.13 0.53 0.10 0.50 0.10 0.55 0.08 0.27 0.06 0.21 0.06 0.26 0.08 0.27 0.06 0.24 0.06 0.25 0.07 

C18:0 8.95 1.23 8.84 1.21 8.45 0.85 7.97 1.18 8.88 1.24 8.52 1.32 7.34 0.82 7.13 0.83 7.52 1.13 7.20 0.93 7.24 0.75 7.38 1.13 

C18:1n-7 0.70 0.11 0.69 0.06 0.77 0.18 0.65 0.12 0.56 0.26 0.83 0.15 0.12 0.07 0.13 0.07 0.21 0.19 0.11 0.07 0.14 0.13 0.25 0.16 

C18:1n-9 41.60 1.84 42.60 1.59 41.11 3.28 42.09 1.94 41.92 1.62 41.33 1.67 34.69 1.64 35.12 2.04 35.76 2.16 36.05 3.35 35.02 2.75 34.79 3.16 

C18:2n-6 14.15 1.00 13.68 1.44 15.87 5.47 15.44 1.95 14.79 2.14 15.00 2.16 27.76 1.81 28.21 3.18 26.45 4.78 27.13 3.94 28.73 3.38 27.60 6.08 

C18:3n-3 0.74 0.08 0.73 0.08 0.78 0.12 0.80 0.10 0.81 0.13 0.81 0.12 0.81 0.08 0.83 0.10 0.80 0.08 0.79 0.12 0.84 0.12 0.83 0.14 

C18:3n-6 0.04 0.02 0.04 0.02 0.06 0.02 0.04 0.03 0.04 0.03 0.05 0.03 0.08 0.01 0.08 0.03 0.07 0.04 0.08 0.03 0.09 0.04 0.10 0.04 
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Table 2.9 Continued 

C20:0 0.10 0.02 0.13 0.02 0.11 0.01 0.10 0.03 0.10 0.05 0.10 0.03 0.11 0.02 0.10 0.04 0.11 0.03 0.10 0.02 0.11 0.03 0.11 0.03 

C20:1 0.52 0.07 0.59 0.06 0.53 0.09 0.51 0.07 0.46 0.18 0.48 0.09 0.44 0.04 0.44 0.12 0.49 0.06 0.44 0.06 0.43 0.09 0.42 0.09 

C20:2 0.09 0.05 0.04 0.03 0.07 0.08 0.12 0.07 0.03 0.03 0.07 0.09 0.05 0.05 0.00 0.01 0.05 0.08 0.04 0.04 0.00 0.01 0.02 0.04 

C20:3n-6 0.16 0.04 0.18 0.03 0.18 0.05 0.15 0.03 0.16 0.04 0.17 0.04 0.17 0.03 0.18 0.04 0.20 0.06 0.16 0.03 0.17 0.03 0.19 0.05 

C20:3n-3 0.14 0.03 0.16 0.02 0.15 0.04 0.14 0.03 0.14 0.04 0.15 0.02 0.14 0.02 0.13 0.03 0.15 0.04 0.12 0.02 0.14 0.03 0.14 0.03 

C20:4 2.19 0.28 2.22 0.23 2.30 0.25 2.22 0.28 2.20 0.23 2.35 0.15 1.89 0.17 1.80 0.20 1.99 0.32 1.73 0.23 1.76 0.19 1.95 0.26 

C21:0 0.07 0.02 0.06 0.02 0.06 0.03 0.06 0.01 0.05 0.03 0.07 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.02 

C22:0 0.11 0.03 0.10 0.03 0.12 0.03 0.11 0.03 0.09 0.04 0.14 0.04 0.05 0.02 0.03 0.02 0.04 0.04 0.05 0.02 0.04 0.02 0.06 0.03 

IV1 24.71 1.04 24.02 1.21 23.64 1.58 23.65 1.36 23.99 1.34 23.83 1.16 21.99 1.01 21.26 1.24 21.58 1.66 21.51 1.18 20.96 0.83 21.61 2.06 

SFA2 3.49 0.54 3.65 0.54 3.46 0.61 3.68 0.56 3.55 0.68 3.62 0.68 2.54 0.36 2.73 0.45 2.71 0.65 2.62 0.50 2.48 0.29 2.62 0.74 

MUFA3 0.44 0.08 0.45 0.07 0.48 0.09 0.38 0.08 0.48 0.14 0.54 0.07 0.22 0.05 0.21 0.08 0.25 0.08 0.20 0.04 0.22 0.06 0.25 0.10 

PUFA4 0.56 0.11 0.52 0.07 0.52 0.13 0.53 0.10 0.50 0.10 0.55 0.08 0.27 0.06 0.21 0.06 0.26 0.08 0.27 0.06 0.24 0.06 0.25 0.07 

1Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets 

indicate concentration (AOCS, 1998). 
2SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 
3MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1.   
4PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4.   
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Table 2.9 Continued 

Season 
Winter 

Fat 
TA CO 

Sex 
Barrow Gilt Barrow Gilt 

Pull 
1 2 3 1 2 3 1 2 3 1 2 3 

 
AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD AVG SD 

C10:0 0.13 0.06 0.16 0.04 0.10 0.06 0.12 0.05 0.18 0.16 0.10 0.07 0.12 0.06 0.15 0.05 0.11 0.06 0.12 0.08 0.21 0.27 0.11 0.06 

C12:0 0.13 0.04 0.14 0.03 0.10 0.05 0.13 0.03 0.15 0.15 0.11 0.08 0.10 0.04 0.12 0.03 0.11 0.06 0.10 0.03 0.14 0.11 0.09 0.06 

C14:0 2.14 0.32 2.10 0.37 2.04 0.35 2.03 0.30 1.89 0.50 1.94 0.39 1.61 0.24 1.68 0.32 1.73 0.29 1.52 0.42 1.54 0.23 1.64 0.30 

C14:1 0.07 0.02 0.06 0.03 0.06 0.03 0.07 0.02 0.06 0.03 0.05 0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.05 0.02 0.01 

C15:0 0.14 0.10 0.12 0.08 0.10 0.04 0.11 0.02 0.10 0.05 0.08 0.07 0.06 0.04 0.06 0.08 0.05 0.03 0.05 0.03 0.11 0.18 0.05 0.04 

C16:0 25.18 2.02 24.82 2.19 23.82 1.62 24.20 1.40 23.99 2.04 22.30 1.90 22.07 1.46 22.70 2.00 21.29 1.52 21.63 1.78 21.49 1.95 20.43 1.66 

C16:1  3.40 0.50 3.26 0.56 3.41 0.56 3.51 0.57 3.29 0.48 2.95 0.55 2.29 0.46 2.49 0.54 2.28 0.35 2.34 0.54 2.35 0.44 2.38 0.52 

C17:0 0.43 0.12 0.50 0.25 0.46 0.21 0.47 0.22 0.43 0.13 0.52 0.16 0.29 0.16 0.21 0.06 0.26 0.09 0.23 0.10 0.27 0.09 0.25 0.09 

C17:1 0.54 0.15 0.51 0.10 0.59 0.23 0.55 0.08 0.52 0.17 0.66 0.20 0.27 0.13 0.23 0.07 0.32 0.11 0.28 0.11 0.29 0.09 0.32 0.15 

C18:0 9.21 1.77 9.71 2.05 8.48 1.23 8.87 1.54 9.57 2.10 9.44 2.03 8.51 1.51 8.43 2.19 7.71 1.44 7.97 1.72 8.63 2.31 7.07 1.13 

C18:1n-7 0.41 0.33 0.49 0.27 0.41 0.35 0.44 0.36 0.46 0.28 0.69 0.25 0.17 0.14 0.11 0.10 0.16 0.10 0.13 0.13 0.15 0.16 0.13 0.12 

C18:1n-9 42.22 3.32 43.07 2.81 44.19 2.43 43.08 1.81 43.66 3.65 43.40 2.35 36.93 2.04 36.88 3.06 36.76 2.88 36.02 2.96 38.91 4.79 36.74 3.17 

C18:2n-6 12.91 4.65 12.11 2.25 13.36 2.69 13.20 1.54 12.78 1.02 14.26 1.99 24.66 2.25 24.09 2.91 26.01 2.52 26.71 3.85 22.89 7.01 27.67 3.19 

C18:3n-3 0.70 0.16 0.66 0.20 0.66 0.18 0.75 0.09 0.66 0.23 0.76 0.13 0.68 0.08 0.66 0.12 0.71 0.11 0.67 0.27 0.60 0.29 0.75 0.10 

C18:3n-6 0.03 0.03 0.03 0.02 0.04 0.03 0.05 0.02 0.03 0.03 0.03 0.03 0.05 0.03 0.05 0.03 0.05 0.03 0.06 0.04 0.08 0.10 0.07 0.05 
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Table 2.9 Continued 

C20:0 
0.12 0.03 0.13 0.04 0.10 0.04 0.13 0.06 0.12 0.06 0.18 0.39 0.13 0.05 0.14 0.05 0.12 0.04 0.11 0.04 0.15 0.06 0.11 0.07 

C20:1 
0.62 0.11 0.63 0.14 0.58 0.19 0.58 0.11 0.56 0.17 0.64 0.17 0.58 0.08 0.54 0.17 0.58 0.18 0.48 0.18 0.61 0.21 0.50 0.12 

C20:2 
0.06 0.06 0.04 0.03 0.07 0.04 0.06 0.04 0.05 0.03 0.05 0.06 0.04 0.06 0.01 0.01 0.08 0.18 0.02 0.03 0.02 0.03 0.03 0.02 

C20:3n-6 
0.08 0.06 0.06 0.03 0.07 0.05 0.09 0.03 0.06 0.04 0.09 0.12 0.09 0.04 0.08 0.05 0.07 0.04 0.11 0.06 0.10 0.06 0.11 0.07 

C20:3n-3 
0.05 0.03 0.05 0.03 0.06 0.04 0.07 0.02 0.05 0.04 0.05 0.04 0.06 0.06 0.04 0.03 0.05 0.03 0.04 0.04 0.05 0.03 0.04 0.03 

C20:4 
0.23 0.12 0.22 0.05 0.32 0.27 0.27 0.08 0.25 0.08 0.29 0.28 0.22 0.12 0.27 0.06 0.37 0.13 0.28 0.09 0.28 0.15 0.46 0.40 

C21:0 
0.38 0.13 0.43 0.07 0.40 0.16 0.45 0.04 0.46 0.14 0.43 0.08 0.08 0.04 0.10 0.05 0.10 0.04 0.11 0.07 0.10 0.10 0.10 0.07 

C22:0 
0.47 0.24 0.36 0.10 0.41 0.17 0.43 0.19 0.38 0.11 0.49 0.15 0.86 0.11 0.75 0.16 0.87 0.33 0.77 0.26 0.75 0.21 0.87 0.18 

 IV1 
65.93 6.88 65.02 4.77 68.70 4.08 67.67 2.36 66.83 3.95 69.70 4.16 80.34 4.00 79.37 5.21 83.16 2.97 83.24 5.43 79.02 9.98 86.30 4.52 

 SFA2 
37.83 3.47 37.95 3.53 35.55 2.48 36.38 1.64 36.68 3.95 35.12 2.85 33.71 2.65 34.19 3.59 32.21 1.59 32.46 3.08 33.24 4.18 30.58 2.30 

 MUFA3 
46.72 3.75 47.51 2.90 48.65 2.52 47.68 2.12 48.03 3.61 47.73 2.31 39.98 2.20 40.03 3.26 39.80 2.90 38.99 3.41 42.06 5.21 39.76 3.48 

 PUFA4 
14.14 4.86 13.25 2.45 14.71 2.65 14.58 1.66 14.01 1.23 15.74 2.19 25.84 2.36 25.22 3.07 27.43 2.66 27.94 3.89 24.03 7.48 29.14 3.53 

1Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets 

indicate concentration (AOCS, 1998). 
2SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 
3MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1.   
4PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4.   

 

 

 

 

 

 

https://dl.sciencesocieties.org/publications/jas/articles/92/12/5485#ref-1
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Table 2.10 Least squares means for the effects of dietary fat source, RAC inclusion, sex, season, and market pull on the fatty acid 

profile and iodine value of loin BF samples. 

  

Fat Source  RAC  Sex  Season  Pull  
Item 

CO TA SEM NO RAC RAC SEM B G SEM SUM WINT SEM 1 2 3 SEM 

Fatty acid, %1                 

C 14:0 1.72 2.22 0.07 1.96 1.97 0.07 2.00 1.93 0.07 2.00 1.90 0.07 1.92 1.92 2.05 0.06 

C 16:0 21.49 24.63 0.41 23.16 22.97 0.41 23.51 22.62 0.41 23.21 22.92 0.41 23.19 23.11 22.89 0.41 

C 16:1 2.06 3.11 0.09 2.57 2.60 0.09 2.63 2.54 0.09 2.55 2.63 0.09 2.63 2.56 2.56 0.19 

C 18:0 
7.36 9.08 0.08 8.22 8.20 0.08 8.39 8.03 0.08 8.41 8.00 0.08 8.46 a 8.34 a 7.84 b 0.1 

C 18:1 
32.68 40.23 0.51 36.54 36.40 0.51 36.37 36.17 0.51 35.17 37.76 0.51 36.99 a 36.78 a 35.68 b 0.53 

C 18:2n6 
30.91 15.52 0.17 23.11 23.33 0.17 22.32 24.12 0.17 24.08 22.32 0.17 22.31 a 22.97 a 24.37 b 0.21 

C 18:3n3 
0.86 0.51 0.01 0.47 0.45 0.01 0.48 0.44 0.01 0.44 0.48 0.01 0.83a 0.83 a 0.88 b 0.01 

MUFA2 35.42 44.79 0.50 40.18 40.03 0.50 40.45 39.76 0.50 38.81 41.40 0.5 40.63a 40.33 a 39.34 b 0.5 

PUFA3 32.38 16.95 0.17 24.52 24.78 0.17 23.70 25.60 0.17 25.55 23.78 0.17 23.70a 24.37 a 25.88 b 0.21 

SFA4 31.69 36.96 0.50 34.42 34.23 0.50 34.99 33.66 0.50 34.77 33.88 0.5 34.83 34.45 33.71 0.52 

MUFA/PUFA, ratio 1.15 2.75 0.02 1.96 1.94 0.02 2.03 1.87 0.02 1.83 2.07 0.02 2.01a 2.01 a 1.84 b 0.03 

U/S, ratio 2.20 1.70 0.04 1.93 1.95 0.04 1.95 2.01 0.04 1.90 1.99 0.01 1.88a 1.94 a 2.01 b 0.04 

Iodine Value5 88.55 69.70 0.28 78.95 79.30 0.28 77.72 80.54 0.28 79.61 78.64 0.28 77.65a 78.82 a 80.92b 0.35 
a,b,c Means within a row with different superscripts are different (P ≤ 0.05) 
1 Myristic (C14:0), Palmitic (C16:0), Palmitoleic (C16:1), Stearic (C18:0), Oleic (C18:1), Linoleic (C18:2n6), α-Linoleic (C18:3n3) 
2 MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1. 
3 PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4. 
4 SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 
5 Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 

0.723; brackets indicate concentration (AOCS, 1998). 
 

 



 

96 

    

 

 

Table 2.11 P-values for the effects of dietary fat source, RAC inclusion, sex, season, and market pull on the fatty acid profile and 

IV of loin BF samples. 

 
 

P-value 
  

Item Fat RAC Sex Season Pull 

Season 

X 

Pull 

RAC 

X 

Pull 

Fat 

X 

Sex 

 

Fat 

X 

Pull 

 

Fat 

X 

Season 

Fat X 

Season 

X 

Pull 

Sex X 

Season  

X 

Pull 

Fat X 

Sex 

X Season 

X Pull 

Fat 

XRAC 

X Season 

X Pull 

Fatty acid, %1               

C 14:0 <0.01 0.49 0.01 <0.01 0.03 0.24 0.56 0.53 0.50 0.36 0.24 0.73 0.38 0.44 

C 16:0 <0.01 0.18 <0.01 0.05 0.73 0.55 0.31 0.01 0.67 0.18 0.18 0.51 <0.01 0.71 

C 16:1 <0.01 0.35 0.02 0.04 0.58 0.01 0.80 0.75 0.39 0.66 0.07 0.44 0.18 0.02 

C 18:0 <0.01 0.83 0.01 0.01 <0.01 0.23 0.04 0.03 0.23 0.23 0.84 0.81 0.34 0.30 

C 18:1 <0.01 0.45 <0.01 <0.01 0.02 <0.01 <0.01 0.12 0.04 0.07 0.12 0.11 0.28 0.01 

C 18:2n6 <0.01 0.35 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.15 0.04 0.21 

C 18:3n3 <0.01 0.01 0.01 0.01 0.01 <0.01 <0.01 0.06 0.46 <0.01 0.85 0.04 0.06 0.02 

MUFA2 <0.01 0.47 0.01 <0.01 0.03 <0.01 <0.01 0.13 0.03 0.06 0.06 0.14 0.14 <0.01 

PUFA3 <0.01 0.31 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.12 0.03 0.21 

SFA4 <0.01 0.42 <0.01 0.01 0.15 0.28 0.13 <0.01 0.27 0.09 0.41 0.59 0.03 0.64 

MUFA/PUFA, ratio <0.01 0.74 <0.01 <0.01 <0.01 <0.01 <0.01 0.26 0.05 0.22 0.30 0.36 0.23 0.15 

U/S, ratio <0.01 0.34 <0.01 0.01 0.02 0.41 0.16 <0.01 0.05 0.35 0.49 0.40 0.09 0.49 

Iodine Value5 <0.01 0.38 <0.01 0.02 <0.01 0.04 <0.01 <0.01 <0.01 0.01 0.12 0.29 0.04 0.71 
1 Myristic (C14:0), Palmitic (C16:0), Palmitoleic (C16:1), Stearic (C18:0), Oleic (C18:1), Linoleic (C18:2n6), α-Linoleic (C18:3n3) 
2 MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1. 
3 PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4. 
4 SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 
5 Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets indicate 

concentration (AOCS, 1998). 
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Table 2.12 Least squares means for the effects of dietary fat source, RAC inclusion, sex, season, and market pull on the fatty acid 

profile and iodine value of belly fat samples. 

  

Fat Source  RAC  Sex  Season  Pull  
Item 

CO TA SEM NO RAC RAC SEM B G SEM SUM WINT SEM 1 2 3 SEM 

Fatty acid, %1                 

C 14:0 1.74 2.13 0.02 1.95 1.92 0.02 1.97 1.90 0.02 2.05 1.82 0.02 1.92 a 1.90 a 1.99 b 0.03 

C 16:0 21.54 24.02 0.11 22.76 22.8 0.11 23.08 22.48 0.11 22.75 22.81 0.11 23.11a 22.90 a 22.34 b 0.14 

C 16:1 2.80 3.77 0.14 3.30 3.27 0.14 3.30 3.16 0.14 3.42 3.16 0.14 3.12 3.29 3.45 0.14 

C 18:0 7.62 8.84 0.19 8.24 8.22 0.19 8.28 8.28 0.19 7.90 8.56 0.19 8.22 8.48 8.00 0.21 

C 18:1 37.26 43.65 0.77 40.47 40.44 0.77 40.40 40.51 0.77 39.64 41.27 0.77 39.56 40.77 41.04 0.79 

C 18:2n6 26.48 13.92 0.24 20.21 20.19 0.24 19.90 20.50 0.24 21.16 19.23 0.24 20.26 19.67 20.66 0.29 

C 18:3n3 0.71 0.70 0.04 0.70 0.72 0.04 0.69 0.72 0.04 0.76 0.65 0.04 0.73 0.69 0.71 0.03 

MUFA2 40.57 48.47 0.86 44.53 44.50 0.86 44.48 44.55 0.86 43.84 45.19 0.86 43.52 44.80 45.23 0.92 

PUFA3 27.84 15.27 0.25 21.55 21.56 0.25 21.21 21.90 0.25 22.60 20.52 0.25 21.61ab 20.94 a 22.10 b 0.3 

SFA4 32.39 36.35 0.18 34.38 34.37 0.18 34.77 33.97 0.18 34.10 34.63 0.18 34.59ab 34.69 a 33.83 b 0.23 

MUFA/PUFA, ratio 1.49 3.20 0.04 2.34 2.36 0.04 2.39 2.30 0.04 2.18 2.52 0.04 2.32ab 2.46 a 2.27 b 0.05 

U/S, ratio 2.09 1.73 0.02 1.92 1.91 0.02 1.88 1.95 0.02 1.93 1.89 0.02 1.89 a 1.89 a 1.96 b 0.02 

Iodine Value5 83.51 68.45 0.35 75.98 75.98 0.35 75.32 76.65 0.35 77.32 74.65 0.35 75.82ab 75.13 a 77.00 b 0.42 

a,b,c Means within a row with different superscripts are different (P ≤ 0.05) 

1 Myristic (C14:0), Palmitic (C16:0), Palmitoleic (C16:1), Stearic (C18:0), Oleic (C18:1), Linoleic (C18:2n6), α-Linoleic (C18:3n3) 
2 MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1. 
3 PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4. 
4 SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 
5 Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets 

indicate concentration (AOCS, 1998). 
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Table 2.13 P-values means for the effects of dietary fat source, RAC inclusion, sex, season, and market pull on the fatty acid profile 

and iodine value of belly fat samples. 

 

Item 

P-value 

Fat RAC Sex Season Pull 

Season 

X 

Pull 

Fat 

X 

RAC 

Fat 

X 

Sex 

 

Fat 

X 

Season 

 

Sex 

X 

Season 

Fat 

X 

Season 

X 

Pull 

Fatty acid, %1            

C 14:0 <0.01 0.15 0.01 <0.01 <0.01 0.09 0.31 0.51 0.97 0.08 0.34 

C 16:0 <0.01 0.77 <0.01 0.69 <0.01 <0.01 0.11 0.56 0.84 0.04 0.47 

C 16:1 <0.01 0.46 0.55 <0.01 0.15 0.26 0.43 0.63 0.81 0.56 0.49 

C 18:0 <0.01 0.88 0.47 <0.01 0.05 0.03 0.25 0.77 0.67 0.73 0.28 

C 18:1 <0.01 0.90 0.67 <0.01 0.08 0.27 0.28 0.74 0.50 0.71 0.19 

C 18:2n6 <0.01 0.94 0.08 <0.01 0.07 <0.01 0.03 0.84 0.32 0.70 0.04 

C 18:3n3 0.54 0.30 0.05 <0.01 0.15 0.04 0.09 0.06 0.04 0.70 0.45 

MUFA2 <0.01 0.91 0.83 <0.01 0.12 0.40 0.29 0.82 0.32 0.70 0.24 

PUFA3 <0.01 0.99 0.06 <0.01 0.04 <0.01 0.03 0.80 0.27 0.70 0.05 

SFA4 <0.01 0.98 0.01 0.06 0.03 <0.01 0.11 0.99 0.72 0.28 0.36 

MUFA/PUFA, ratio <0.01 0.75 0.16 <0.01 0.04 0.02 0.37 0.02 0.04 0.74 0.20 

U/S, ratio <0.01 0.90 <0.01 0.07 0.02 <0.01 0.10 0.54 0.57 0.27 0.20 

Iodine Value5 <0.01 0.99 0.01 <0.01 0.01 <0.01 0.02 0.87 0.34 0.50 0.08 

1 Myristic (C14:0), Palmitic (C16:0), Palmitoleic (C16:1), Stearic (C18:0), Oleic (C18:1), Linoleic (C18:2n6), α-Linoleic (C18:3n3) 
2 MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1. 
3 PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4. 
4 SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 
5 Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets 

indicate concentration (AOCS, 1998). 
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Table 2.14 Effects of dietary fat source and RAC inclusion on fatty acid composition and IV of loin BF fat depot. 

 

                 P-value 

Item CO CO+RAC TA TA+RAC   SEM   Fat RAC Fat X RAC 

Fatty acid, %1                    
C 14:0 1.61a 1.64a 2.12b 2.14b   0.03   0.01 0.35 0.01 

C 16:0 20.99a 20.83a 24.17b 23.93b   0.16   0.01 0.22 0.01 

C 16:1 1.97a 2.01a 3.10b 3.00b   0.04   0.01 0.41 0.01 

C 18:0 7.43a 7.25a 9.01b 9.10b   0.12   0.01 0.73 0.01 

C 18:1 33.38a 33.3a 41.08b 40.71b   0.23   0.01 0.35 0.01 

C 18:2n6 30.89a 31.0a 15.29b 15.82b   0.34   0.01 0.34 0.01 

C 18:3n3 0.85ab 0.88a 0.81b 0.85ab   0.01   0.01 0.01 0.01 

MUFA2 35.94a 35.92a 45.49b 45.06b   0.26   0.01 0.38 0.01 

PUFA3 32.32a 32.48a 16.68b 17.25b   0.36   0.01 0.31 0.01 

SFA4 31.47a 31.16a 36.64b 36.52b   0.27   0.01 0.42 0.01 

MUFA/PUFA, ratio 1.14a  1.17a 2.78b 2.7b   0.04   0.01 0.50 0.01 

U/S, ratio 2.20a 2.22a 1.71b 1.72b   0.02   0.01 0.51 0.01 

Iodine Value5 88.45a 88.74a 69.43b 70.07b   0.51   0.01 0.36 0.01 
a,b,c Means within a row with different superscripts are different (P ≤ 0.05) 
1 Myristic (C14:0), Palmitic (C16:0), Palmitoleic (C16:1), Stearic (C18:0), Oleic (C18:1), Linoleic (C18:2n6), α-Linoleic (C18:3n3) 
2 MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1. 
3 PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4. 
4 SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0. 
5 Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] 

× 0.723; brackets indicate concentration  (AOCS, 1998). 
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Table 2.15 Effects of dietary fat source and RAC inclusion on fatty acid composition and IV of belly fat depot. 

 

                 P-value 

Item CO CO+RAC TA TA+RAC   SEM   Fat RAC Fat X RAC 

Fatty acid, %1                    
C 14:0 1.71a 1.78a 2.12b 2.14b   0.03   0.01 0.16 0.01 

C 16:0 21.45a 21.64a 24.19b 23.86b   0.16   0.01 0.68 0.01 

C 16:1 2.48a 2.5a 3.78b 3.4b   0.05   0.01 0.54 0.01 

C 18:0 7.62a 7.67a 8.9b 8.83b   0.14   0.01 0.96 0.01 

C 18:1 35.98a 36.3a 42.78b 42.3b   0.27   0.01 0.78 0.01 

C 18:2n6 26.88a 26.07a 13.5b 14.39b   0.34   0.01 0.91 0.01 

C 18:3n3 0.75 0.74 0.71 0.76   0.01   0.44 0.28 0.02 

MUFA2 39.11a 39.48a 47.45b 46.92b   0.3   0.01 0.79 0.01 

PUFA3 28.26a 27.42a 14.8b 15.78b   0.37   0.01 0.85 0.01 

SFA4 31.2a 32.61a 36.57b 36.16b   0.26   0.01 0.99 0.01 

MUFA/PUFA, ratio 1.42a 1.57a 3.27b 3.07b   0.05   0.01 0.66 0.01 

U/S, ratio 2.11a 2.07a 1.72b 1.75b   0.02   0.01 0.93 0.01 

Iodine Value5 84.09 a 82.91a 67.81b 69.1b   0.51   0.01 0.91 0.01 
a,b,c Means within a row with different superscripts are different (P ≤ 0.05) 
1 Myristic (C14:0), Palmitic (C16:0), Palmitoleic (C16:1), Stearic (C18:0), Oleic (C18:1), Linoleic (C18:2n6), α-Linoleic (C18:3n3) 
2 MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1. 
3 PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4. 
4 SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0. 
5 Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] 

× 0.723; brackets indicate concentration  (AOCS, 1998). 
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Table 2.16 Effects of dietary fat source and sex on fatty acid composition and iodine value of loin BF fat depot. 

 

 
Treatments       

 
CO TA   

 

P-values 

 
Barrow Gilt Barrow Gilt  SEM Fat Sex Fat x Sex 

Fatty acid, %1           

C 14:0 1.67 a 1.58 a 2.16 b 2.11 b  0.02  0.01 0.01 0.40 

C 16:0 21.53 a 20.28 b 24.26 c 23.83 c  0.16  0.01 0.01 0.01 

C 16:1 2.02 a 1.94 a 3.08 b 3.01 b  0.04  0.01 0.05 0.87 

C 18:0 7.66 a 7.03 b 9.08 c 9.05 c  0.12  0.01 0.01 0.01 

C 18:1 33.71 a 32.95 b 41.05 c 40.72 c  0.23  0.01 0.02 0.49 

C 18:2n6 29.72 a 32.18 b 15.16 c 16.01 c  0.32  0.01 0.01 0.01 

C 18:3n3 0.82 a 0.9 b 0.81 c 0.86 bc  0.01  0.01 0.01 0.15 

MUFA2 36.31 a 35.53 b 45.46 c 45.01 c  0.25  0.01 0.01 0.50 

PUFA3 31.12 a 33.71 a 16.54 c 17.44 c  0.34  0.01 0.01 0.01 

SFA4 32.31 a 30.31 b 36.83 c 36.34 c  0.25  0.01 0.01 0.01 

MUFA/PUFA, ratio 1.2 a 1.1 a 2.82 b 2.64 c  0.04  0.01 0.01 0.29 

U/S, ratio 2.11 a 2.31 b 1.70 c 1.73 c  0.02  0.01 0.01 0.01 

Iodine Value5 86.63a 90.58 b 69.15 c 70.4 c  0.49  0.01 0.01 0.01 
a,b,c Means within a row with different superscripts are different (P ≤ 0.05) 

1 Myristic (C14:0), Palmitic (C16:0), Palmitoleic (C16:1), Stearic (C18:0), Oleic (C18:1), Linoleic (C18:2n6), α-Linoleic (C18:3n3) 
2 MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1. 
3 PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4. 
4 SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 
5 Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + 

[C22:1] × 0.723; brackets indicate concentration (AOCS, 1998). 
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Table 2.17 Effects of dietary fat source and sex on fatty acid composition and iodine value of belly fat samples. 

 

 
Treatments       

 CO TA  

 

P-values 

 Barrow Gilt Barrow Gilt  SEM Fat Sex Fat x Sex 

Fatty acid, %1           

C 14:0 1.79 a 1.69 a 2.16 b 2.10 b  0.03  0.01 0.01 0.55 

C 16:0 21.81 a 21.26 a 24.36 b 23.65c  0.16  0.01 0.01 0.62 

C 16:1 2.52 a 2.46 a 3.44 b 3.43 b  0.05  0.01 0.48 0.65 

C 18:0 7.75 a 7.53 a 8.9 b 8.83 b  0.14  0.01 0.33 0.58 

C 18:1 35.97 a 36.3 a 42.48 b 42.6 b  0.27  0.01 0.41 0.71 

C 18:2n6 26.26 a 26.74 a 13.67 b 14.24 b  0.35  0.01 0.14 0.9 

C 18:3n3 0.75 ab 0.74 ab 0.71 a 0.76 b  0.01  0.48 0.13 0.06 

MUFA2 39.17 a 39.42 a 47.14 b 47.24 b  0.3  0.01 0.56 0.8 

PUFA3 27.59 a 28.13 a 14.98 b 15.64 b  0.37  0.01 0.11 0.86 

SFA4 32.82 a 31.96 a 36.75 b 35.93 b  0.26  0.01 0.01 0.93 

MUFA/PUFA, ratio 1.46 a 1.53 a 3.25 b 3.09 c  0.05  0.01 0.42 0.06 

U/S, ratio 2.05 a 2.14 a 1.71 b 1.76 b  0.02  0.01 0.01 0.51 

Iodine Value5 82.92 a 84.15 a 67.84 b 69.14 b  0.51  0.01 0.01 0.92 
a,b,c Means within a row with different superscripts are different (P ≤ 0.05) 
1 Myristic (C14:0), Palmitic (C16:0), Palmitoleic (C16:1), Stearic (C18:0), Oleic (C18:1), Linoleic (C18:2n6), α-Linoleic (C18:3n3) 
2 MUFA: total mono-unsaturated fatty acid = C14:1 + C16:1 + C17:1 + C18:1 + C20:1 + C22:1. 
3 PUFA: total poly-unsaturated fatty acid = C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:3 + C22:4. 
4 SFA: total saturated fatty acid = C10:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0.  10 
5 Iodine value calculated from fatty acid composition: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + 

[C22:1] × 0.723; brackets indicate concentration (AOCS, 1998). 
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Figure 2.1 Diurnal variation of environmental daily temperatures during winter 2013 (Replication 1) from Clayton WTP station 

(Clayton, NC 27520).   

 

Thermal data provided by NOAA(2017).  -.- Mean temperatures. The shaded area corresponds to the range between maximum and 

minimum temperatures.   
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Figure 2.2 Diurnal variation of environmental daily temperatures during summer 2014 (Replication 2) from Clayton WTP station 

(Clayton, NC 27520).    

 

Thermal data provided by NOAA (2017).  -.- Mean temperatures.  The shaded area corresponds to the range between 

maximum and minimum temperatures.   
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Chapter 3: Developing Rapid Predictive Measures to Quantify Fatty Acid Composition 

and Iodine Value of Growing-Finishing Pigs Fed Variable Dietary Fat and 

Ractopamine HCL by Predictive Equations and NIR Spectroscopy 
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3.1 Abstract 

The objective of this experiment was to evaluate the ability to rapidly estimate fatty 

acid composition and iodine value (IV) by predictive equations or near infrared reflectance 

spectroscopy (NIR).  A single experiment was conducted in a RCBD with two replications, 

utilizing crossbred pigs (n =480; initial BW = 48.6 ± 6.7 kg) which were blocked by BW and 

sex.  Treatments were arranged in a 2 × 2 factorial with dietary fat source (TA and CO), and 

level of RAC inclusion (0 vs 7.5ppm).  Each treatment group consisted of 12 pens (6 barrow 

pens and 6 gilt pens) with 5 pigs per pen per replication.  Pigs were harvested in 1 of 3 

marketing pulls during the finishing phase (d 57, 65, 76), in which the four heaviest pens per 

treatment were removed.  At the abattoir, fat tissue samples were removed from the belly 

(posterior to the sternum, ventral edge of belly) and backfat (at the adjacent area of the 1st 

lumbar vertebra).  Fatty acid composition was determined by gas chromatography (GC) and 

near infrared reflectance spectroscopy (NIR). Iodine value (IV) was calculated according to 

AOCS (1998).  Calibration models for NIR were created utilizing WinISI software version 

4.4.  Simple linear regression and multivariable regression models were created utilizing 

dietary variables, growth performance, and carcass characteristic factors with the PROC 

REG procedure of SAS 9.4.  The development of equations to predict iodine value from loin 

BF and belly fat depots utilized dietary IVP the first variable (backfat: R2 = 0.84; belly: R2= 

0.79).  The inclusion of other live growth performance measures resulted in only a slight 

improvement in R2.  These results support existing literature that dietary variables are the 

single greatest predictor of IV. Both C18:2, % and IVP were able to predict over ~80% of the 

variation in carcass IV. Pearson Correlation Coefficients between GC and NIR for IV 
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between loin BF (r = 0.93; P < 0.001) and belly (r = 0.92; P< 0.001) fat depots, were highly 

correlated between determination methods.  Similarly, Pearson Correlation Coefficients 

between loin BF and belly sample site locations for IV determined by GC (r = 0.88; P < 

0.001) and NIR (r = 0.88; P < 0.001) were highly correlated suggest either location would be 

suitable for predicting IV.  NIR calibration statistics for fatty acid proportions amongst fat 

depots were quite variable with R2 values ranging from 0.26 – 0.96.  Difference between fat 

depots was the largest contributor to the variation in the coefficient of determination, and 

belly fat had comparatively lower R2 values and Ratio of Performance to Deviation (RPD) 

values (generally < 1) when compared to loin BF. NIR calibration models were however, 

able accurately and precisely predict major FA constituents known to influence pork fat 

quality; C18:2n6, (Loin BF: R2 = 0.96, RPD = 5.31; Belly: R2= 0.91, RPD = 3.32), PUFA 

(Loin BF: R2 = 0.95, RPD = 4.68; Belly: R2= 0.87, RPD = 2.77), and IV (Loin BF: R2 = 0.93, 

RPD = 3.87; Belly: R2= 0.89, RPD = 3.04). The accuracy of NIR standard curves for IV of 

loin BF and belly fat samples proved that NIR could be used to screen pork carcass fat 

quality and provide a rapid, cheap, non-destructive alternative to traditional IV determination 

methods of GC or titration. 
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3.2 Introduction  

Supplemental dietary fats are widely used in swine diets as a means to increase 

energy density, provide essential fatty acids, and improve feed conversion efficiency, while 

improving cost per unit of energy provided (NRC, 2012). However, dietary lipid sources can 

negatively affect carcass quality in pork, as the fatty acid profile of the pork fat reflects the 

fatty acid pattern of the diet fed (Ellis and Isbell, 1926; Warnants et al., 1999; Bee et al., 

2002; Mitchaotai et al., 2007; Wood et al., 2004, 2008). Increasing dietary proportions of 

polyunsaturated fatty acids such as, linoleic and linolenic acid increase the occurrence of soft 

fat impact the cohesiveness and firmness of pork fat (Eggert et al., 2001).  Potential problems 

with poor fat quality from soft fat include difficulties in fabrication and slicing of bellies, an 

oily appearance in the retail packaging, reduced product shelf life, and increased 

susceptibility to oxidative damage resulting in off-flavors (Wood et al., 2008).  To quantify 

the degree of unsaturation in a lipid sample, iodine value (IV) is commonly used, as it is a 

measure of double bonds present in a lipid sample, and can be determined by chemical 

titrations, calculated from fatty acid concentrations quantified by gas chromatography (GC), 

and spectroscopy methods such as, near infrared (NIR). Determination of IV by titration and 

GC methods require highly skilled labor, relatively expensive analytical cost, as well as 

being a time consuming processes. As an alternative, NIR has been shown to provide a rapid, 

lower cost, and non-destructive method for predicting the fatty acid profile of subcutaneous 

adipose tissue of pigs (Gonzalez-Martin et al., 2002; Perez-Martin et al., 2009; Sorensen et 

al, 2012; Prieto et al., 2014).  
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IV is currently being used by the packing industry as an indicator of pork carcass fat 

quality with, acceptable maximum thresholds for IV ranging from 70 to 75 g/100 g (Benz et 

al., 2001).  High IV values create processing challenges for packers due to soft textured fat, 

which is highly unsaturated; this leads to decreased product quality and shelf life due to its 

susceptibility to oxidation in processed pork products (Carr et al., 2005).  Feeding ingredients 

with high amounts of dietary unsaturated fatty acids will increase carcass fat IV.  This 

relationship between dietary fats impact on corresponding IV, has led to the development of 

equation to predict carcass IV of various depots (Madsen et al., 1992; Boyd, 1997; Benz et 

al., 2011; Kellner et al., 2014; Paulk et al., 2015).  There have been limited studies that 

evaluate the effects of other intrinsic and extrinsic production factors such as, environmental 

temperature, sex, genotype, days on feed, or inclusion of RAC on IV equations.  

This study was conducted to determine the effects of feeding variable dietary fat 

sources, ractopamine inclusion, gender, environmental temperature on fatty composition and 

IV of carcass fat used to evaluate selected IV equations for loin BF and belly fat samples; 

and determine the potential of NIR to predict proportions of fatty acids and IV. 

 

3.3 Methods and Materials 

Animals and Housing 

The North Carolina State University Institutional Animal Care and Use Committee 

approved all experimental procedures.  A single experiment was conducted in two sequential 

replications (winter and summer).  A total of 480 mixed sex growing-finishing pigs  (n=240 

barrow; n=240 gilts) with identical genetic makeup of Landrace x Large White dams mated 
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to Duroc boars (SPG, Rose Hill, North Carolina) were utilized in this study.  For each 

replication, 240 mixed sex growing-finishing pigs were received and allowed to adapt to the 

grower diet (Table 2.2) for 30-d.  After acclimation, 240 pigs (n=120 gilt and n=120 

barrows) with initial BW of 48.63 ± 6.73 kg were house in pens (3.65x1.37 meters) for a 10-

wk trial at the North Carolina Swine Evaluation Station (Clayton, North Carolina).  

Treatments were allotted in a randomized complete block design with initial BW and sex as 

blocks.  Each treatment group consisted of 12 pens (6 barrow pens and 6 gilt pens) with 5 

pigs per pen.  Pens had solid concrete floor and were equipped with one self-feeder and a 

nipple water to allow ad libitum access to feed and water throughout the trial.  Barrows and 

gilts were in the same proportions for each replication.  Thermal data was recorded at 

National Oceanic and Atmospheric Administration (NOAA) station North Carolina311820 

(CLAYTON WTP: Clayton, North Carolina; Lat: 35.641° N Lon: 78.463° W) (Table 2.1; Fig 

2.1 & 2.2).  The average temperature in the first replication (Summer) was 23.6 oC (range 

13.9-34.4 oC) and in the second replication (Winter) was 10.9 oC (range -7.2-30.6 oC).   

 

Experimental Diets 

Dietary treatments were arranged in  2 x 2 factorial with 2 supplemental dietary fat 

sources: corn oil (CO) and beef tallow (TA) fed at an inclusion level of 6% of the diet and 2 

inclusion levels of Ractopamine HCL (RAC) (Paylean, Elanco Animal Health, Greenfield, 

IN): inclusion rate of 0 and 7.5 ppm.  The feeding period was separated into four phases.  

Pigs upon arrival were acclimated for 30-d (Phase 1) to a commercial grower ration (Table 

2.2).  Experimental diets were then fed according to a 3-phase feeding program: phase 2 (d 0 
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to 24), phase 3 (d 24 to 45) and phase 4 (d 45 to 75).  The inclusion levels of RAC were only 

formulated into phase 4 diets.  Experimental diets were batched at North Carolina State 

University Feed Mill (Raleigh, North Carolina) and met the concentration and nutrient 

requirements for growing-finishing pigs suggested by NRC (2012).  Representative feed 

samples from phase 4 were collected at the time of mixing and stored at −20°C prior to ether 

extract analysis.  Ether extracts of experimental diets were determined following 920.39 

(AOAC, 2006) for ether extraction utilizing a Goldfisch Fat Extractor (Labconco, Kansas 

City, MO). Fatty acid profile was determined from ether extracts by North Carolina State 

University Laboratory of Developmental Nutrition (Raleigh, North Carolina). 

 

Growth and Carcass Measurements  

Individual pig BW and total pen feed disappearance were measured on d 0, 24, 45, 

56, 64, and 72 to determine ADG, ADFI, and G:F.  At the end of the test (day prior to 

shipment for harvest), pigs were individually weighed and a transverse ultrasound scan was 

taken at the 10th rib; backfat depth (over the middle of the Longissimus dorsi (LD) muscle) 

and LD muscle depth were measured on the scan.  Pens were taken off test in a multiple-

group removal program with three sequential pulls starting on d 56.  On d 56 pens four pens 

with the heaviest weighted average for each individual treatment group (n=16 pens) were 

taken off test. The next four pens with the heaviest were taken off-test sequentially every 7 d 

until all pens were removed.  On d 56, 64, and 72 pigs were harvested at a local abattoir, 

where hot carcass weight and adipose tissue samples were collected.  Hot carcass weights for 

the first replication were adjusted down by 5.25% (Cruzen et al. 2015) to account for carcass 
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head weight.  Carcasses harvested in the second replication were weighed without heads and 

did not receive adjustments. 

 

Fat Tissue Sampling 

 Fat tissue samples were collected at two anatomical carcass locations: belly (posterior 

to the sternum, ventral edge of belly) and loin backfat (BF) (at the adjacent area of the first 

lumbar vertebra).  Samples of belly and loin BF were collected held on ice during transport 

to NC State University for further processing. Adipose tissue samples were separated for NIR 

and gas chromatography, vacuum packaged and stored at -20 C until analyzed for fatty acid 

composition.   

 

Reference Data Analysis 

 North Carolina State University Laboratory of Developmental Nutrition (Raleigh, 

North Carolina) conducted analytical analysis. Fatty acids were extracted from adipose tissue 

and EE of experimental diets in accordance to Averette Gatlin et al., (2002).   All adipose 

layers of the fat tissue sample were combined and mixed thoroughly.  Lipid fractions were 

isolated from adipose tissue in duplicate by weighing 100 mg into a glass tube with a Teflon 

lined cap.  One ml of a reagent containing 3.75M NaOH dissolved in a 1:1 (v/v) methanol, 

distilled water mixture was added and the tubes were heated in a boiling water bath for 5 

min, vortexed and returned to the water bath for 25 min.  The samples were then placed into 

cool water and 2 ml of a 1.7:1 (v/v) methyl alcohol and hydrochloric acid mixture was added.  

The samples were placed into the boiling water bath for 10 min and then immediately placed 
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in cool water.  Three ml of a 1:1 (v/v) methyl tertbutyl ether and hexane mixture was then 

added to the samples.  Samples were vortexed and mixed continuously for 10 min until clear 

and the lower, aqueous phase was discarded.  Finally, 3 ml of 0.3M NaOH was added to the 

remaining organic layer and the tubes were mixed and centrifuged.  Two-thirds of the top, 

organic layer were removed to a clean vial and dried under N2 gas.  The methyl esters were 

re-dissolved in 250 pi of hexane.  A Hewlett Packard 5890 GC (Hewlett Packard, Avondale, 

PA) equipped with a flame ionization detector was used with a 100 m fused silica capillary 

column with an i.d. of 0.25 mm and a .20 pm film coating (Supelco, Inc.  Bellefonte, PA).  

Operating conditions were as follows: helium carrier gas, split ratio 100:1, injector 

temperature 220°C, detector temperature 220°C, initial oven temperature 140°C increasing to 

225°C at a rate of 3.2°C/min.  The oven was held at 225°C for 14 min, then temperature 

increased by 2°C/min to 230°C and held for 6 min.  Finally, the temperature was decreased 

by 8°C/min to 140°C and held for 4 min.  Total run time was 65 min.  Methyl ester standards 

were used to identify sample fatty acid methyl esters.  Integration software (Millenium, 

Waters, Inc.) was used to calculate the proportion of each fatty acid present.  Analytical 

values obtained for all sample treatments were imported into the NIRS spectral data file, and 

used to develop calibration equations in WinISI. 

 

Calculations 

Calculation of iodine value was calculated using the following equation (IV) = 

[C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + 

[C22:1] × 0.723; brackets indicate percentage concentration (AOCS, 1998).  IV product 
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(IVP) was calculated as (IV of dietary lipids) × (percentage of dietary lipid) × 0.10 (Madsen 

et al., 1992).   

 

NIR Spectra collection 

Loin backfat and belly fat samples were tempered to 0 oC to allow for coring utilizing 

a custom-constructed stainless steel coring tool with an approximate internal diameter of 

38mm (Fig. 3.1). The outer dermal layer of skin and hair was removed manually by knife.  

Core sample weres placed in a water bath until the average core temperature of 25 °C was 

reached.  Tempered samples were removed from the water bath and positioned in a ring cup 

sample cell with a quartz window, and the outer surface closest to the skin was scanned.  

Near infrared reflectance spectroscopy (NIR) for loin BF and belly fat core samples were 

collected using a FOSS XDS Rapid Content Analyzer (Foss North America, Eden Prairie, 

MN), in which samples were scanned 32 times over a range of 400-2500 nm at 2 nm 

intervals.  The ISIScan software version 4.4.0 (Infrasoft International, State College, PA, 

USA) was used to control the spectrophotometer, collect the spectra, import and analyze the 

spectral data.  Spectral scans were recorded in diffuse reflectance as log(1/R) and were stored 

as raw means Figure 3.2 and 3.4. Spectral data were treated with second order derivative of 

log(1/R),  to separate superimposed peaks and also remove additives and multiplicative 

baseline variation in the raw spectra by creating sharper and narrow bands. The second 

derivative has been reported to enhanced resolution and baseline correction (Ozaki et al., 

2007). Figure 3.3 and 3.5 show the spectra corrected by using a standard normal variate and 

de-trending (SNV+D) method and applies a mathematical treatment of 2-4-4-1; where the 
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first number indicated the order of derivative function (two is the second derivative of log 

(1/R); the second number is the gap (length in nm); the third number represents the number 

of data points (segment length) used in the first smoothing, and the fourth number is the 

number of data points in the second smoothing which Is normally set at 1 for no second 

smoothing (Juntao et al., 2016).  

 

NIR Model Development  

Calibration and validation were developed to predict fatty acid composition and IV 

value of loin BF and belly fat depots utilizing WinISI software version 4.4.0 (Infrasoft 

International, State College, PA, USA).  480 spectral samples were used for model 

development for both loin BF and belly fat sample cores. Abnormal or outlier spectra were 

detected by applying the Mahalanobis distance (H-statistic) and the samples with an H-value 

>3 were not included for developing equations (Shenk and Westerhaus, 1996). Calibration 

the ISI Way. In: Davies AMC, Williams PC, editors. Near-Infrared Spectroscopy: The Future 

Waves. Chichester, UK: NIR Publications, pp. 198–202.The spectral region between 1100 

and 2500 nm at 2 nm interval was used to perform the calibration models.  The calibration 

model was developed using the regression algorithm of partial least squares (PLS), and a 

cross-validation was performed to select the optimal number of terms for the prediction 

models of each component and avoid over-fitting.  For cross-validation, the sample set was 

divided and analyzed automatically using WinISI 4.5 software.  This procedure was repeated 

four times, and the average standard error of cross-validation (SECV) was calculated.  The 

optimal number is defined as number terms beyond which there is no significant decrease in 
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the SECV.  After evaluating the quality parameters of each equation coefficient of 

determination (R2), standard error in cross-validation (SECV), and coefficient of 

determination for cross-validation (1-VR) values)], the equation with 2,4,4,1 math treatment 

and SNV+D scatter correction provided the best results with the highest R2 and 1-VR and 

lowest SECV values.  

 

Statistical Analysis 

All data were tested for normality using PROC UNIVARIATE (SAS Inst.  Inc., Cary, 

North Carolina).  Descriptive statistics for fatty acid concentration means and standard 

deviations were calculated using PROC TABULATE.  Pearson correlation coefficient 

estimates between dietary characteristics, live performance measures, carcass characteristics, 

sample location, and IV determination were carried out using the PROC CORR.   

Multivariable regression analyses were conducted with PROC REG procedure, 

utilizing the stepwise regression to determine predictive equations for fatty acid composition 

and IV of loin Bf and belly fat samples.  Independent variables were required to have a 

significant F statistic at the SLENTRY and SLSTAY level = 0.15 to be included and remain 

in the final model variables that had P-values ≤ 0.15 being retained in the model.  The R2, SE 

of the estimate, lowest RMSE and the Mallow’s statistic C(p) were used to define the best-fit 

equation. Multicollinearity between the explanatory variables were tested by using variance 

inflation factor (VIF) scores (where scores > 10 indicate collinearity) and intercept adjusted 

collinearity analysis with COLLINOINT procedure (where condition index values > 30 
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indicate collinearity). When 2 variables were found to be collinear, the variable that provided 

the greatest R2 was kept in the model, and the other variable was excluded. 

 

3.4 Results 

Pearson Correlation Coefficients for independent variables used to predict loin BF and belly 

fat IV 

Correlations between predictor variables and loin BF and belly fat IV were 

determined and as expected some of the variables within each category were highly 

correlated (Table 3.2). Dietary characteristics such as, individual fatty acids (FA) and major 

FA groups had the highest correlations with loin BF and belly fat IV.  For Loin BF IV, the 

total dietary concentration of C18:2 had the highest positive correlation ( r = 0.95, P < 

0.0001); followed by total dietary concentration of the essential unsaturated fatty acids (EFA) 

(r = 0.95; P < 0.0001), total dietary concentration of the unsaturated fatty acids (UFA) (r = 

0.94; P < 0.0001) ME density of diet (r = 0.94; P < 0.0001), and dietary IVP ( r = 0.92, P < 

0.0001).  Total dietary concentration of C16:1 and C18:0 had the highest negative 

correlations (r = -0.94, P < 0.0001), followed by total dietary concentration of C16:0 (r = -

0.91, P < 0.0001), and total dietary concentration C18:1 (r = -0.87, P < 0.0001).  

 The total dietary concentration of C18:2 and the total dietary concentration of the 

essential unsaturated fatty acids (EFA) for belly fat IV, had the highest positive correlation ( r 

= 0.93, P < 0.0001); followed by ME density of diet (r = 0.92; P < 0.0001), total dietary 

concentration of the unsaturated fatty acids (UFA) (r = 0.91; P < 0.0001) and dietary IVP ( r 

= 0.89, P < 0.0001), respectively.  Total dietary concentration of C18:0 (r = -0.94, P < 
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0.0001) had the highest negative correlation; followed by C16:1 (r = -0.93, P < 0.0001), total 

dietary concentration of C16:0 (r = -0.88 1, P < 0.0001), and total dietary concentration 

C18:1 (r = -0.87, P < 0.0001).  No significant correlations were observed for growth 

performance and carcass characteristic variables for loin BF IV.  Belly fat IV, final BW (r = -

0.24; P < 0.02) and ADG had the highest negative correlation (r = -0.25; P < 0.02); followed 

by the HCW fed (r = -0.20; P < 0.05), with a trend for a positive correlation for FFL, % (r = 

0.17; P < 0.10).   

 

Prediction of Iodine Value and Fatty Acid Concentration by Regression Equations 

The regression analyses equations developed to predict loin BF and belly fat IV are 

presented in Table 3.3 and 3.4. Predictive equations were determined by the greatest 

coefficient of determination and the lowest Mallow’s C(p) statistic were used to develop 

prediction equations for iodine value of loin BF and belly fat sample depots.  Independent 

variables used were categorized into three distinct group: dietary composition, growth 

performance, and carcass characteristics.  Dietary composition variables included RAC 

inclusion level, dietary iodine value product (IVP), dietary C 18:2, %; growth performance 

variables included gender, season, DOF, initial BW, final BW, ADG, ADFI; carcass 

characteristic included HCW, BF thickness, LMA, Fat Free Lean, %.     

Equations using a single predictor demonstrated the primary influence of dietary 

unsaturated fatty acids on the IV of pork fat. Single variable models used to predict loin BF 

and belly fat IV with the highest coefficient of determination included dietary IVP (loin BF 

R2 = 0.84, Belly R2 = 0.79) and total dietary concentration of C18:2, % (loin BF R2 = 0.90, 
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Belly R2 = 0.86). A difference in fat depot was present for single variable prediction of 

carcass IV, belly fat depot was a less precise predictor as determined by a lower coefficient 

of determination for iodine value product (IVP) (R2 = 0.79) compared to loin BF depot (R2 = 

0.84).  

 Improved equations were obtained by including multiple variables to describe the 

diet, animals, and growth.  Prediction equations for loin BF IV were improved by including 

multiple variables to characterize the diet, as well as to describe the growth rate, gender, and 

carcass characteristics.  Using the dietary concentration of C18:2, % and BF thickness (R2 = 

0.93; C(p) 23.75) resulted in improvements over using dietary concentration of C18:2, % (R2 

= 0.90; C(p) 61.5) or dietary IVP (R2 = 0.90; C(p) 70.9) alone. Further improvements were 

obtained by adding the days on feed (DOF) to an equation with the dietary concentration of 

C18:2, BF thickness (R2 = 0.94; C(p) 3.89). The equation that included dietary concentration 

of C18:2, BF thickness, DOF and gender resulted in the equation was the greatest coefficient 

of determination for loin BF IV (R2 = 0.95; C(p) 0.85).   

Prediction equations for belly fat IV were improved by including multiple variables to 

characterize the diet, as well as variables describing growth performance and carcass 

characteristics.  Using the dietary concentration of C18:2, % and ADG (R2 = 0.92; C(p) 7.50) 

resulted in improvements over using dietary concentration of C18:2, % (R2 = 0.86; C(p) 

62.35) or dietary IVP (R2 = 0.86; C(p) 71.87) alone. The equation that included dietary 

concentration of C18:2, %, ADG, and FFL,% resulted in the equation was the greatest 

coefficient of determination for belly fat IV (R2 = 0.92; C(p) 2.23). 
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Prediction of Prediction of Iodine Value and Fatty Acid Concentration by Near infrared 

reflectance spectroscopy (NIR) 

 

 Descriptive statics for individual fatty acids (FA), major FA groups, and IV 

determined by gas chromatography for the dietary treatments on loin BF and belly fat 

samples are presented in Table 2.3 and Table 2.7. Descriptive statics for individual FA, major 

FA groups, and IV determined by near infrared spectroscopy are presented in Tables 3.4 and 

3.5.  The average NIR IV was 80.00 g/100 g for loin BF and 77.33 g/100 g for belly fat, 

respectively. 

NIR calibrations curves for selected individual FA concentrations, as well as major 

fatty acid groups and IV were developed and tested by cross-validation. Statistics for 

calibration curves are presented in Table 3.4 and 3.5.  NIR was shown to accurately predict 

individual FA as well as proportions of major FA groups and IV of spectra collected from 

loin BF and belly fat samples.  For loin BF fat samples NIR models predicted total 

concentration of MUFA (R2 = 0.96; SECVs =1.29% total FA, RPD = 5.07) and C18:2n6 (R2 

= 0.96; SECVs =1.91% total FA, RPD = 5.31), were the most precise.  Total concentrations 

of C18:1, PUFA and IV were also predicted with high accuracy (R2 = 0.93 - 0.95; SECVs 

=1.27 – 3.20% total FA, RPD = 3.87 – 4.68).  NIR was less suitable for predicting SFA and 

other individual FA concentrations in loin BF samples as indicated by diminished calibration 

and validation statistics (R2 = 0.43- 0.78; SECVs = 0.10-1.93; RPD = 1.33-2.14).   

NIR predictability for belly fat samples for individual FA, major FA groups and IV 

were slightly lower than that reported for loin BF samples.  NIR models for belly fat samples 

predicted total concentration of C18:2n6 (R2 = 0.91; SECVs =2.62% total FA, RPD = 3.32), 
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most accurately.  Total concentration of PUFA and IV were also predicted with high 

accuracy (R2 = 0.87-0.89; SECVs = 2.86 – 3.17% total FA, RPD = 2.77 – 3.04).  NIR was 

less suitable for predicting major FA groups of SFA and MUFA, as well as, other individual 

FA concentrations in belly fat samples as indicated by diminished calibration and validation 

statistics (R2 = 0.25- 0.72; SECVs = 0.09 -3.10; RPD = 1.16-1.90).  

 

Methodology Correlation 

Pearson correlations between Loin BF IV and belly fat IV measured by gas 

chromatography were highly correlated (r = 0.875; P < 0.001) to each other (Table 3.2).  

Similarly, high correlation for IV values of loin BF and belly fat samples measured using 

NIR (r = 0.921; P < 0.001) was observed (Table 3.7).  Pearson correlation between GC and 

NIR IV for loin BF values were (r = 0.927; P < 0.001) and belly fat Pearson correlation 

between GC and NIR IV for loin BF values were (r = 0.920; P < 0.001), respectively. 

 

3.5 Discussion  

Prediction equations  

Fatty acid composition of pork fat is a reflection of proportion of FA present in the 

diet, as well as, the concentration to which it is fed (Averette Gatlin et al., 2002; Benz et al., 

2011). This relationship is evident in this study; as the degree of unsaturation of the diet 

increased, so did carcass IV.  Madsen et al. (1992) proposed the concept of iodine value 

product (IVP), which measures the concentration of dietary lipids and degree of unsaturation 

in swine diets and could be utilized to estimate pork carcass fat IV. Results of this study 



 

122 

    

 

illustrate the linear relationship between dietary fat sources with diametrically opposing IVP 

values fed at a constant inclusion rate.  Equations cited in literature developed based on 

dietary IVP (Madsen et al. 1992; Boyd, 1997, Bergstrom et al., 2010; Benz et al., 2011; 

Kellner et al., 2014), have shown to vary great in R2 = 0.16 to 0.99 values, when using IVP 

as a single independent variable.  Inconsistencies in model fit amongst IVP equations are 

likely the result of differences in experimental design, as over half of the equations 

developed were analyzed by meta-analysis of existing literature.  Nguyen et al. (2003) 

demonstrated that FA variation is increased when pooling data from different experiments, 

increased variation is likely due to differences in experimental design and conditions, which 

leads to a decrease in the correlation coefficient. It has also been reported that IVP tends to 

place more emphasis on the dietary inclusion level than on dietary lipid FA composition 

(Benz et al., 2011; Kellner et al., (2014).  Therefore, dietary concentration or intake of C18:2 

has been suggested as an alternative variable for predicting carcass IV (Benz et al., 2011; 

Kellner et al., 2014).  In this study the comparison of dietary C18:2, % and C18:2 intake 

were relatively equal in the degree of variation explained across both fat depots.  This is in 

agreement with Kellner et al. (2014) who reported similar values for both C18:2 

concentration and intake. The advantage of utilizing dietary C18:2 concentration, is the fact 

that dietary concentrations are known and can be adjusted before the swine diets are fed 

(Kellner et al. 2014). The comparison of IVP and dietary C18:2 concentration were of 

comparatively equal value for loin BF and belly fat IV. The use of dietary C18:2 or IVP as a 

single predictor variable resulted in high coefficient of determination; either predictor was 

shown to predict over 85% of the variation in carcass IV.  



 

123 

    

 

While nutrition is important in manipulating carcass IV, it can be overwhelmed by the 

non-nutritive factors. Nurnberg et al. (1998) identified several non-nutritional factors that 

influence fat quality, such as diet, carcass fatness, age with a concurrent increase in BW, sex, 

breed, and environmental factors. Pigs of lean genotype fed diets high in unsaturated fat may 

have thinner, lower-quality bellies with a soft fat composition (Averette Gaitlin et al., 2003).  

Barrows adipose tissue is generally firmer and more cohesive than gilts, as gilts are 

associated with the higher leanness of the belly and backfat (Correa et al., 2008).  White et al. 

(2008) demonstrated decreased growth, carcass lipid quality, and bacon quality in pigs 

housed at temperatures above the thermoneutral zone. Duration of feeding dietary fats has a 

linear relationship with PUFA content (Browne et al., 2013).  Inclusion of ractopamine HCl 

to finishing pigs has been shown to increase carcass IV (Carr et al., 2005; Weber et al., 

2006).  While IVP or dietary C18:2 can predict a large percentage of the variation in carcass 

IV additional variables may improve the prediction of IV because they more broadly account 

for the variation present in commercial swine production. Consequently, when predicting 

Loin BF IV, C18:2, %, DOF, BF, and sex provided the best model explaining 95% of the 

variation. Similarly, when predicting belly fat IV, C18:2, %, FFL, and ADG provided the 

best model, explaining 92% of the variation. Predictive IV equations developed from a meta-

analysis by Paulk et al. (2015) demonstrated the importance of  included multiple predictive 

factors involving diet fat composition, feeding days, dietary NE and ME, live growth 

performance, and carcass characteristics.  The author reported single variable equation for BF 

and belly IV prediction by final dietary period of IVP (BF R2 = 0.782; Belly R2 = 0.841) and 
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C18:2 (BF R2 = 0.816; Belly R2 = 0.856), improvements in the model were made by 

developing multivariable models for BF (R2 = 0.946) and belly fat IV’s (R2 = 0.937),  

NIRS  

This study demonstrates both the advantages and limitations of NIRS for predict pork 

carcass fat quality.  In this study, NIR calibration statistics for fatty acid proportions amongst 

fat depots were quite variable with R2 values ranging from 0.26 – 0.96.  Difference between 

fat depots was the largest contributor to the variation in the coefficient of determination, 

belly fat had comparatively lower R2 values and Ratio of Performance to Deviation (RPD) 

values generally < 1.  RPD represents how well the calibration model developed predicts the 

validation set and is evaluated by an arbitrary scale. RPD values greater than 3 are useful for 

screening, values greater than 5 can be used for quality control, and values greater than 8 for 

application Batten, (1998). Chang et al., (2010) classified RPD into three categories: A: RPD 

>2.0, B: RPD 1.4–2.0 and C: RPD <1.4 where RPD values classified in the A category are 

referred to as excellent models.  RPD values for individual FA in this study were relatively 

low and with RPD values ranging from 1.16 – 5.31, indicating that most of the calibration 

models developed would be adequate for screening but would not robust enough for to use as 

quality control (Williams, 2001; Igne and Hurburgh, 2010).  To our knowledge, no empirical 

data exist addressing NIR calibration model predictive accuracy for FA composition amongst 

opposing fat depots. The results of this study would suggest that loin BF and belly show a 

relatively high correlation when determined by either NIR standard curves or gas 

chromatography.  Bergstrom et al. (2010) and Estrada Restrepo (2013) reported similar 

values for backfat and belly correlation (0.907 and 0.86, respectively) which is in agreement 
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with this study. These results are in contrast to those of Wiegand et al. (2011) that showed 

relatively weak correlations between the IV of backfat and belly fat (-0.07 to 0.24, 

respectively). One potential reason for this difference between studies could be varied 

degrees of physiological maturity between specific fat depots.  Poor model statistics for belly 

fat depot could be the result a fatty acid composition gradient within pork bellies, which 

results in considerable intra-belly variation in composition and firmness (Trusell et al., 2011).  

In our study, FA prediction equations from belly fat IV were less precise compared to the 

prediction equations for loin BF using NIR.  Even though precision was lower in belly fat 

samples, our standard curves for total concentration C18:2 in this study had acceptable 

coefficient of determination values (R2  = 0.91-0.96) and standard errors (SEC = 2.17-1.68; 

SECV = 2.62-1.91).  Most calibration models developed from loin BF, except for C18:0 and 

C18:3, accounted for over 70% of population variability.  Predication of individual FA and 

major FA groups of loin BF in this study were similar to those observed by Gonzalez-Martin 

et al. (2003) and Prieto et al. (2014) with the exception of C18:0 and C18:3, which could be 

due to differing mathematical treatments applied. Muller and Scheeder (2008) and Gjerlaug-

Enger et al. (2011) reported higher NIR predictability for individual FA than that observed in 

this study.  However, higher NIR predictive values are possibly the result of difference in 

sample preparation, due to the use of homogenized and melting of adipose tissues. It should 

be stressed that fat after melting is a highly homogeneous product, thus facilitating greater 

precision and accuracy in the results (Perez-Martin et al. 2009). 

The accuracy of NIR standard curves for IV loin BF and belly fat samples proved that 

NIR could be used to screen pork carcass fat quality. NIRS predictability was again slightly 
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lower in belly fat than in loin BF samples. Prediction by Prieto et al. (2014) for IV of warm 

and cold backfat samples were slightly less accurate (R2 = 0.87 and 0.90: RPD = 2.42 and 

2.54) than those reported in this study, again this could be due to difference in scatter 

correction and mathematical treatments.  Müller and Scheeder (2008) and Gjerlaug-Enger et 

al. (2011) found a more accurate NIRS prediction of the IV in homogenized backfat of pigs 

(R2 = 0.98), again most likely due to the use of homogenized adipose tissue.  Results 

published in different studies are variable and can be related to different factors such as, 

instrument capabilities and settings, number and types of samples, statistical methods 

adopted, local conditions, sample preparation, the accuracy of the reference method, and data 

with wide ranging variability for calibration (Prieto et al., 2009; Balage et al., 2015).  Unique 

challenges to NIR on-line analysis in abattoirs environments are fluctuations in temperature 

and humidity, cooling, carcass handling which could compromise the reliability of NIR 

spectra if not properly addressed (Prieto et al. 2014).  

As an alternative to gas chromatography, NIR technology has shown to provide a 

rapid, cheap, and non-destructive method for predicting the fatty acid profile of subcutaneous 

adipose tissue of pigs (Gonzalez-Martin et al., 2002; Perez-Martin et al., 2009; Sorensen et 

al, 2012; Prieto et al., 2014). When comparing IV measured by gas chromatography to NIR 

in this study, there was a high degree of correlation between methods, suggesting NIR is an 

appropriate technique for measuring IV in intact fat samples. Similar studies have  reported 

high correlations coefficients between either IV or individual FA proportions determined 

using NIR when compared to reference values (gas chromatography)on fat samples when 

determined in a laboratory setting (González-Martín et al., 2003;  Gjerlaug-Enger et al., 
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2011).  However, correlations comparing NIR spectral values that were collected in real-time 

from commercial abattoirs tend to have a broad range in variation.  Previous research by 

Shircliff (2013) reported a weak correlation between backfat IV between NIR values 

captured real-time, in-plant compared to laboratory GC values (R2 = 0.431) while, Estrada 

Restrepo reported a greater correlation (R2 = 0.96). One potential reason for this variability is 

difference in sample preparation as homogenization lead to higher precision. The inner 

backfat layer had the greatest proportions of all SFA and the least proportions of all PUFA, 

whereas the outer layer had the least percentages of all SFA but the greatest percentages of 

all MUFA (Apple et al., 2009). 

     In conclusion, the use of linear regressions was successful in developing predictive 

equation for both fat depots. Of all the single variable models developed, dietary C18:2, % 

and dietary IVP demonstrated the strongest relationship with both fat depot IV.  Furthermore, 

improvements in prediction can be made by the addition of variable that explain non-

nutritive factors. Of all the factors elevated, dietary C18:2, DOF, BF and ADG exhibited the 

greatest influence on predicting IV of loin BF and belly fat depots.  The equations developed 

provide a greater understanding the factors that affect pork quality, more importantly the 

equation will allow producers to feed pigs while meeting target threshold for carcass fat IV.  

Furthermore, the NIR calibration models developed in this study provides the potential 

opportunity to establish screening threshold for various individual FA as well as, IV of 

various fat depots. NIR could objectively assess differences in IV among fat depot by 

accurately predicting 89% of the variation in belly samples and 93% of the variation in loin 

BF. Suggesting the potential of NIR technology, as an alternative to traditional methods of 
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IV determination by gas chromatography or titration.  The ability of NIR technology to 

provide a rapid, cheap, and non-destructive method for predicting the fatty acid profile of 

subcutaneous adipose tissue of pigs could be an invaluable tool to packers to provide a quick 

and accurate way to assessing pork fat quality. Packer would be able to more specifically 

manage the variability in pork carcass fat quality with NIR technology, as it can identify not 

only IV, but also individual FA and major FA groupings. Based on the information generated 

by NIR packers may be able to incentive premiums for carcass meeting IV thresholds or 

predict oxidative stability based on the estimated proportion of PUFA. Further work remains 

though to create robust models capable of predicting carcass IV on-line at commercial speeds 

that are calibrated to handle to the environments unique of excessive heat and humidity found 

in pork abattoirs.  
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Table 3.1 Pearson’s correlation coefficients of variables with backfat and belly fat 

IV  
Overall,  Loin BF IV  Belly fat IV 

IVP1 0.92 <.0001  0.89 <.0001 

C16:0, % -0.91 <.0001  -0.88 <.0001 

C16:1, % -0.94 <.0001  -0.93 <.0001 

C18:0, % -0.94 <.0001  -0.94 <.0001 

C18:1, % -0.87 <.0001  -0.86 <.0001 

C18:2, % 0.95 <.0001  0.93 <.0001 

C18:3, % -0.34 0.01  -0.36 0.00 

EFA2 0.95 <.0001  0.93 <.0001 

UFA3 0.94 <.0001  0.91 <.0001 

ME density of  diet, kcal/kg 0.94 <.0001  0.92 <.0001 

Initial BW, kg -0.15 0.14  -0.08 0.42 

Final BW, kg -0.15 0.14  -0.24 0.02 

Overall ADG, kg -0.16 0.12  -0.25 0.02 

Overall ADFI, kg -0.03 0.77  -0.06 0.59 

Overall GF,  kg:kg -0.03 0.77  -0.06 0.54 

DOF 0.14 0.18  0.08 0.44 

HCW, kg -0.12 0.23  -0.20 0.05 

LMA, cm2 -0.05 0.62  -0.01 0.96 

BF, cm -0.11 0.27  -0.14 0.16 

FFL,%4 0.09 0.40  0.17 0.10 

Loin BF IV    0.92 <.0001 

Belly fat IV 0.92 <.0001    

1 IVP = iodine value product (IVP = [iodine value of the dietary lipids] × [percentage dietary lipid] × 

0.10; Madsen et al., 1992); and IV = iodine value (IV = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 

1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; AOCS, 1998). 
2 EFA = essential fatty acids (C18:2 + C18:3)  
3 UFA = unsaturated fatty acids (C16:1 + C18:1 + C18:2 + C18:3). 
4 FFL,% = fat-free lean percentage 
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Table 3.2 Selected equations to predict iodine value, measured with gas chromatography, of loin BF samples. 

 

   Regression coefficient Statistics1 

  Intercept C18:2,% BF DOF Sex C18:2 intake IVP   RMSE R2 C(p) 

EQ[1] 60.65 6.21 - - - - -   3.10 0.90 61.50 

SE2 0.70 0. 21 - - - - -         

P-value <0.01 <0.01 - - - - -         

EQ[2] 56.40 - - - - 0.58 -  3.08 0.90 63.33 

SE 0.82 - - - - 0.02 -     

P-value <0.01 - - - - <0.01      

EQ[3] 47.78 - - - - - 0.38   4.02 0.84 67.65 

SE 1.14 - - - - - 0.01         

P-value <0.01 - - - - - <0.01         

EQ[4] 70.28 6.26 -11.07 - - - -   2.67 0.93 23.75 

SE 1.8 0.02 1.9 - -  -         

P-value <0.01 <0.01 <0.01 - - - -         

EQ[5] 58.89 6.25 -9.93 0.16 - - -   2.41 0.94 3.89 

SE 2.94 0.02 1.74 0.03 - - -         

P-value <0.01 <0.01 <0.01 <0.01 - - -         

EQ[6] 55.79 6.24 -6.26 0.17 -1.50 - -   2.35 0.95 0.96 

SE 3.17 0.01 2.33 0.03 0.66 - -         

P-value <0.01 <0.01 0.02 <0.01 0.02 - -         

Best Equation: Loin BF IV = 60.00+ (0.17 x DOF) – (5.62 x BF) + (0.58 x Dietary C18:2,%) – (1.63 x Sex) (Barrow=1; Gilt=0) 
1SE = SE of the regression estimate defined as the root of the mean square error; C(p) = Mallows’ statistic. 
2SE and P-values of the corresponding regression coefficient. 
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Table 3.3 Selected equations to predict iodine value, measured with gas chromatography, of belly fat samples. 

 

   Regression coefficient    
Statistics1 

  Intercept C18:2,% ADG FFL,% IVP C18:2 intake  RMSE R2 C(p) 

EQ[1] 61.13 4.98 - - - -  2.97 0.87 62.35 

SE2 0.67 0.20 - - - -     

P-value <0.01 <0.01 - - - -     

EQ[1] 50.84 - - - - 0.31  3.00 0.86 66.16 

SE 1.09 - - - - 0.01     

P-value <0.01 - - - - <0.01  3.76 0.79 71.87 

EQ[1] 57.77 - - - 0.47 -     

SE 0.80 - - - 0.02 -     

P-value <0.01 - - - <0.01 -     

EQ[3] 75.71 4.95 -12.75 - - -  2.46 0.92 7.50 

SE 2.16 0.02 1.79 - - -     

P-value <0.01 <0.01 <0.01 - - -     

EQ[4] 50.10 4.99 -8.30 0.41 - -  2.37 0.92 2.23 

SE 9.99 0.02 2.43 0.16 - -     

P-value <0.01 <0.01 <0.01 <0.01 - -     

Best Equation: Belly IV = 45.92 + (0.47 x Dietary C18:2,%) – (7.86 x ADG) + (0.42 x FFL,%) 

1SE = SE of the regression estimate defined as the root of the mean square error; C(p) = Mallows’ statistic. 
2SE and P-values of the corresponding regression coefficient. 
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Table 3.4 Prediction of the fatty acid proportions and iodine value of loin BF samples by near infrared spectroscopy (NIR). 

 

Item Mean SD Min Max SEC R2 SECV 1-VR RPD 

C 14:0 1.96 0.36 0.88 3.03 0.20 0.69 0.21 0.67 1.80 

C 16:0 22.66 2.39 15.50 29.83 1.13 0.78 1.21 0.74 2.11 

C 16:1 2.45 0.65 0.51 4.39 0.31 0.77 0.34 0.72 2.08 

C 18:0 8.33 1.58 3.58 13.07 1.08 0.54 1.12 0.50 1.47 

C 18:1 35.60 4.38 22.45 48.75 1.04 0.94 1.27 0.92 4.20 

C 18:2n6 24.01 8.94 ND 50.84 1.68 0.96 1.91 0.95 5.31 

C 18:3n3 0.87 0.12 0.50 1.24 0.09 0.43 0.10 0.37 1.33 

SFA 34.16 3.93 22.36 45.96 1.84 0.78 1.93 0.76 2.14 

MUFA 39.17 5.43 22.90 55.45 1.07 0.96 1.29 0.94 5.07 

POLY 25.45 9.05 0.00 52.61 1.94 0.95 2.19 0.94 4.68 

IV 80.00 11.59 45.24 114.77 3.00 0.93 3.20 0.92 3.87 

*ND = None Detectable 
aSEC: square error of calibration. 
bSECV: square error of cross-validation. 
cRPD: ratio performance deviation. 
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Table 3.5 Prediction of the fatty acid proportions and iodine value of belly fat samples by near infrared spectroscopy (NIR). 

 

Item Mean SD Min Max SEC R2 SECV 1-VR RPD 

C 14:0 2.05 0.30 1.16 2.94 0.23 0.41 0.25 0.32 1.30 

C 16:0 22.74 1.82 17.29 28.18 1.03 0.68 1.10 0.63 1.76 

C 16:1 3.02 0.65 1.09 4.96 0.48 0.45 0.51 0.38 1.35 

C 18:0 7.95 1.27 4.15 11.76 0.93 0.46 1.01 0.36 1.36 

C 18:1 38.55 3.89 26.89 50.21 2.25 0.66 2.46 0.60 1.73 

C 18:2n6 21.19 7.19 0.00 42.75 2.17 0.91 2.62 0.87 3.32 

C 18:3n3 0.80 0.10 0.51 1.09 0.08 0.26 0.09 0.20 1.16 

SFA 33.84 2.96 24.97 42.71 1.56 0.72 1.69 0.67 1.90 

MUFA 42.69 4.74 28.47 56.92 2.69 0.68 3.10 0.57 1.76 

POLY 22.70 7.30 0.80 44.59 2.64 0.87 2.86 0.85 2.77 

IV 77.33 9.03 50.24 104.42 2.97 0.89 3.17 0.88 3.04 

*ND = None Detectable 
aSEC: square error of calibration. 
bSECV: square error of cross-validation. 
cRPD: ratio performance deviation. 
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Table 3.6 Pearson Correlation Coefficients and P-values between gas chromatography predicted iodine value and near-infrared 

spectroscopy (NIR) IV from loin BF samples. 

  
  

NIR2 

 
GC1 

 

 
Loin BF 0.92772 

  <.0001 

 Belly 0.92032 

  <.0001 

1Iodine Value = (0.95 x C16:1)  + [0.86 x (C18:1n9t + C18:1n9c)] + [1.732 x (C18:2n6t + C18:2n6c)] + (2.616 x C18:3n3) + (0.785 x C20:1); AOCS (1998)  
2Iodine value determined by NIR spectroscopy 
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Table 3.7 Pearson correlation coefficients and P-value for iodine value between loin BF and belly fat sampling locations of 

growing-finishing pigs determined by gas chromatography and NIR. 

 
  

Belly 

 Loin BF  

 GC1 0.87519 

  <.0001 

 NIR2 0.92076 

  <.0001 

1Iodine Value = (0.95 x C16:1)  + [0.86 x (C18:1n9t + C18:1n9c)] + [1.732 x (C18:2n6t + C18:2n6c)] + (2.616 x C18:3n3) + (0.785 x C20:1); AOCS (1998)  
2Iodine value determined by NIR spectroscopy 
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Figure 3.1 Sample site locations and adipose tissue core sample procedures for backfat and belly fat depots 

 

Backfat and belly fat sampling and preparation: a) carcass; b-c) sampling site backfat and belly sample; d) tissue sample e) isolation of core; f) 

skin removal; g) prepared 38 mm fat sample  

 

A) B) C) D) 

E) F) G) 
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Figure 3.2 Raw mean near infrared spectra for the effects of dietary fat source, RAC inclusion, sex, season, and market pull on loin 

BF samples from growing-finishing pigs. 
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Figure 3.3 Second-order derivative mean near infrared spectra for the effects of dietary fat source, RAC inclusion, sex, season, and 

market pull on loin BF samples from growing-finishing pigs. 
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Figure 3.4 Raw mean near infrared spectra for the effects of dietary fat source, RAC inclusion, sex, season, and market pull on belly 

fat samples from growing-finishing pigs. 
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Figure 3.5 Second-order derivative mean near infrared spectra for the effects of dietary fat source, RAC inclusion, sex, season, and 

market pull on belly fat samples from growing-finishing pigs. 
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Figure 3.6 Loin BF IV affected by dietary C18:2, % . Predicted vs. actual using the model [Y = 60.65 + (6.21* diet C18:2, %)] from 

growing-finishing pigs fed varying dietary fat sources throughout the feeding phases.
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Figure 3.7 Belly fat IV affected by dietary C18:2, %. Predicted vs. actual using the model [Y = 61.13 + (4.98* diet C18:2, %)] from 

growing-finishing pigs fed varying dietary fat sources throughout the feeding phases. 
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Figure 3.8 Loin BF IV affected by dietary IVP. Predicted vs. actual using the model [Y = 42.62 + (0.84* dietary IVP)] from growing-

finishing pigs fed varying dietary fat sources throughout the feeding phases. 
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Figure 3.9 Belly fat IV affected by dietary IVP. Predicted vs. actual using the model [Y = 46.952 + (0.37* dietary IVP)] from 

growing-finishing pigs fed varying dietary fat sources throughout the feeding phases. 
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Figure 3.10 Predicted vs. actual loin BF IV using the model [Loin BF IV = 55.79 + (6.24 X 

C18:2, %) – (6.26 X BF, cm2) + (0.17 X DOF) – (1.50 X Sex) (Barrow=1; Gilt=0)] from 

growing-finishing pigs fed varying dietary fat sources throughout the feeding phases. 
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Figure 3.11 Predicted vs. actual belly fat IV using the model [Belly IV = 50.10 + (4.99 x 

Dietary C18:2,%) – (8.30 x ADG kg/d ) + (0.41 x FFL,%)] from growing-finishing pigs fed 

varying dietary fat sources throughout the feeding phases.  
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Chapter 4: Overall Summary 

 

 The concepts of least cost diet formulation, feeding alternative ingredients and 

production capacity have become common practice in the swine industry. The inclusion of 

alternative ingredients containing greater levels of unsaturated fat in the diet could have 

negative effects on pork fat quality that reverberate throughout the entire pork chain. Soft 

carcass fat has become a significant issue for pork producers due to substantial reductions in 

feed costs. The soft carcass fat could be a result of feeding alternative ingredients high 

dietary levels of unsaturated fats.  Pork carcasses with increased unsaturated fatty acids, 

particularly polyunsaturated fatty acids (PUFA); are subject to fat oxidation, color change, 

shortened shelf life and reduced processing efficiencies because of soft pork fat.  Hence, the 

industry needs rapid predictive methods to quantify the impact of production factors (i.e. diet, 

heat stress, growth) on pork fat quality.  The objectives of this dissertation was to quantify 

the impact of diet, sex, season and market pull on fatty acid composition and iodine value, 

and to develop accurate and precise predictive equations to determine iodine value of two 

relevant adipose depots in growing-finishing pigs.  

Results in Chapter 2 suggested feeding growing-finishing pigs on diets containing 

either CO or TA had no effect on the growth performance or carcass characteristics. However, 

the inclusion of RAC increased final BW, ADG, LMA, HCW, and FFL.  As would be expected, 

dietary CO increased the incorporation of PUFA, especially C18:2, in both fat depots.  

Supplementation of swine diets with CO increased iodine value of corresponding fat depots 

above 74 g/100g (Benz et al., 2011) threshold, indicating adverse impact on pork quality when 

compared to TA. Reduction in IVP values or decreasing the degree of unsaturation of swine 
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diets improved pork fat quality by reducing IV of both fat depots as exhibited by TA fed 

pigs. Dietary fat source attributed to the largest variation with a difference of 18.85 g/100g.  

Sex, season, and market pull were also significant contributors to IV variation, however; the 

magnitude of their effect was less than 3.25 g/100g. Due to these findings, dietary fat sources 

should be included in future prediction models for estimating carcass fat IV. 

Results in Chapter 3 described an evaluation of various equations utilized to predict 

IV of loin BF and belly fat samples of growing-finishing pigs. Single variable predictive 

equations, utilizing dietary IVP or C18:2, concentration resulted in the most accurate and 

precise estimation of IV with an accuracy of above 85%. Improvements in prediction include 

additional variables such as growth performance and carcass characteristics. Of the factors 

elevated, dietary C18:2, DOF, BF and ADG exhibited the greatest influence on predicting IV 

of loin BF and belly fat depots.  Using the regression equations developed during this 

research study would provide a useful tool to manage variability in pork fat quality, but 

current prediction models need to be further refined under commercial settings.  NIRS 

modeling techniques are capable of quantifying IV and major FA group’s composition of 

loin BF and belly fat samples.  The proportions of the specific FA’s, Palmitic (C16:0), 

Palmitoleic (C16:1), Oleic (C18:1), Linoleic (C18:2n6) were also well predictable in loin BF. 

Individual FA composition of belly fat depot were less accurately predicted as only Linoleic 

(C18:2n6) had an acceptable R2 or RPD.   

In conclusion, the results of this study suggest that dietary composition accounts for 

the greatest source of variation in carcass IV. Other non-nutritional variable such as sex, 

environmental temperature, and DOF also affect carcass IV. This study confirms that 
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increasing the degree of unsaturation in the diets was correlated to an increase in the 

concentration of PUFA deposited. The use of the equations for carcass IV generated in this 

research provide a useful tool for nutritionist to manage pork fat quality. Prediction of 

carcass IV by NIR can be used to determine iodine value, C18:2 PUFA, MUFA in adipose 

tissue from pork. The results of this study suggesting NIRS is a viable, inexpensive, rapid, 

non-destructive alternative to predict IV in porcine adipose tissue. The ability of NIR to 

measure the degree of unsaturation in pork carcasses could potentially benefit producers in a 

viable way. Producers can screen carcasses for IV and potentially establish specific measures 

of pork quality.  Further work remains to adapt NIR laboratory calibration to on-line 

commercial settings. Adaption will need to take into account sample site area, speed, 

temperature and humidity differences. 
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