
  

 

ABSTRACT  

 

FIX, JUSTIN SCOTT. Differences in Growth Performance, Carcass Composition and Meat 

Quality Traits of Commercial Pigs Representative of 1980 and 2005 Genetic Types when 

Reared on 1980 and 2005 Representative Feeding Programs. (Under the direction of Dr. M. 

Todd See.) 

 

This study examines changes in most traits of economic interest due to changes in 

genetics and feeding programs over 25 yr. Pigs (n = 185) representative of the current 

commercial industry (2005) were compared to pigs representative of the commercial industry 

25 yr ago (1980). The sample of 2005 genetic type pigs was obtained from a North Carolina 

commercial producer. The 1980 genetic sample was produced from dams selected to 

minimize genetic improvement since 1979 and frozen semen from boars commercially 

available in 1980. Pigs within sex, farrowing group, and genetic sample (GS) were randomly 

assigned to a feeding program (FP) and placed 3 per pen (n = 62). The 2005 FP was a seven 

phase pelleted FP (lysine from 1.51 to 0.73% and ME from 3428 to 3651 Kcal/kg) with 

added antibiotics, synthetic amino acids, and added dietary fat. The 1980 FP consisted of 

four meal diets (lysine from 1.05 to 0.62% and ME from 3262 to 3317 Kcal/kg) based on 

formulations from the 1980 Pork Industry Handbook which included no antibiotics, synthetic 

amino acids or added dietary fat. Individual BW and pen feed consumption were measured 

every 2 wk. When the average BW of pigs in a pen exceeded 116 kg pens were removed 

from test and slaughtered. 

The growth performance portion of this study evaluated differences in growth 

performance, lean growth performance and leg structure/mobility. Average daily gain 

(ADG), average daily feed intake (ADFI) and G:F were calculated for on test (7 ± 0.4 kg) to 

nursery (26.9 ± 0.7 kg) (OTN), nursery to slaughter (NS), and on test to slaughter (OTS). 

Lean ADG (LADG) and lean G:F (LG:F) were calculated for OTS and first real-time 



  

 

ultrasound (RTU) (42.7 ± 1 kg) to slaughter (FSS). Real-time ultrasound (n = 3) for backfat 

depth (BF) and loin muscle area (LMA) at the 10th rib was done every 4 wk, beginning wk 8 

(group 1) or wk 10 (group 2). Three evaluators scored structural correctness and mobility. 

The carcass composition portion of this study evaluated differences in pig carcass and 

fatty acid composition. Hot carcass weight, dressing percent, belly length, belly firmness, 

belly thickness, LMA, and BF thickness (1st rib, 10th rib, last rib, last lumbar) were recorded 

for all carcasses. Samples of subcutaneous adipose tissue were collected from the loin, ham, 

and belly primals for fatty acid analysis. 

The meat quality portion of this study evaluated differences in pork quality traits and 

sensory characteristics. At slaughter 45 minute pH was measured. At 24 h post-mortem 

Minolta color (L*, a*, b*) and ultimate pH of loins and hams were collected. National Pork 

Board marbling score (1-10), firmness score (1-3), wetness score (1-3), and color score (1-6) 

were also collected 24 hours post mortem. Percent drip loss, Warner-Bratzler shear force, 

cooking loss, chemical analysis of lipid content, consumer sensory analysis and trained 

flavor, and texture descriptive panels were conducted on pork loin chops. 

Changes in genetics over the past 25 yr have led to improvements in growth 

performance, lean growth performance, leg structure/mobility, muscling, leanness, 

intramuscular fat in the loin, and water holding capacity of the loin; however, unfavorable 

effects have occurred in belly firmness and calculated iodine value. Changes in feeding 

programs led to improvements in growth performance, lean growth performance, muscling, 

and dressing percent. Unfavorable effects due to feeding program changes affected mobility, 

belly firmness, calculated iodine value, intramuscular fat, and water holding capacity of the 

loin and pH of the ham. 
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Introduction 

Many changes occurred in the U.S. swine industry during the past 25 years. Technical 

advances in genetic selection, nutrition and management are areas where the majority of 

improvements have occurred. From 1980 to 2005 live weight at slaughter increased from 

109.8 to 122 kg, dressing percent increased from 71 to 74.7%, and percent retail meat yield 

rose from 55 to 58% (National Pork Board, 2005). These phenotypic trends for live weight, 

dressing percent and percent retail meat yield from USDA data indicate an increase in overall 

efficiency of swine production. While these trends show increased efficiency, it is important 

to measure other economically important traits that may be negatively correlated (National 

Pork Board, 2005). This literature review will describe changes in genetic selection and 

feeding programs and examine how these changes have affected trends in economically 

important traits from 1980 to 2005. 

 

Genetic Improvement 

Genetic selection is commonplace in the genetic nucleus of commercial swine 

production systems. From 1980 to 2005 advancements were made in how animals were 

selected. Previously, breeding values were predicted using half and full-sib families from the 

same contemporary group in the form of a selection index. Today, best linear unbiased 

prediction (BLUP) has replaced this form of selection and become more prevalent in most 

livestock species (Morris and Pollott, 1997). The greatest advantage of BLUP lies in 

increased accuracy due to the use of full pedigree information (Henderson, 1973). 

Swine simulation studies have been conducted to measure differences in selection 

procedures. Belosky and Kennedy (1988) looked at selection on a performance trait at three 
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different levels of heritability. They found the genetic response for the selection index was 64 

to 91% of the genetic response from selection based on BLUP. In a similar study using two 

different heritability levels, Sorensen (1988) found genetic response of the selection index 

was 81 to 96% of that achieved using BLUP. One negative aspect associated with using 

BLUP is increased levels of inbreeding due to increased selection of family members 

(Quinton et al., 1992; Quinton and Smith, 1995). When holding inbreeding constant across 

selection procedures, genetic responses were greater for the selection index, however, if 

inbreeding is not a problem BLUP is the superior method for genetic selection (Quinton et 

al., 1992).  

Swine testing and genetic evaluation system (STAGES) utilizes BLUP procedures 

and was introduced to the swine industry in 1986. Prior to 1986 mixed model genetic 

evaluation with performance data and family data were not used extensively within the U.S. 

swine industry (Meeker, 1986; Stewart et al., 1991). The STAGES system created an avenue 

for breeders to report performance data from economically important traits and in turn 

receive within herd and beginning in 1990, across herd genetic evaluations on a frequent 

basis, to assist in selection of animals (Stewart et al., 1991). With the incorporation of BLUP 

into Canadian selection programs in 1985 the rate of genetic change increased 50% for 

backfat and doubled for age at 100 kg (Sullivan and Dean, 1994). Today most large swine 

integrators and breeding companies use their own selection indices, utilizing BLUP breeding 

values and economic weights which are best suited for their breeding objectives.  

Genetic Improvement through Technology 

Live Prediction of Carcass Measures. Selection to improve carcass measures has 

been in place for many years. This can be accomplished by utilizing an individual’s data, 
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sibling data or progeny data. For the greatest genetic response it is best to select individuals 

based on data gathered from the both the individual and family rather than solely family data 

(Falconer and Mackay, 1996).  

Prior to 1950, live measures were not overly successful at predicting carcass value 

(Hetzer et al., 1950). Hazel and Kline (1952) developed the “probing” method which entailed 

creating a small incision in the skin 3.81 cm off the midline and using a steel ruler to measure 

backfat depth. Correlations between the live pig measure of backfat and carcass measure of 

backfat ranged from 0.59 for the middle of the back to 0.79 for behind the shoulder. The use 

of probing is a fairly accurate way of predicting carcass backfat on a live pig however there 

was still a need to estimate muscle on animals selected for the breeding herd.  

Hazel and Kline (1959) were among the first to use ultrasonic technology on live 

swine to predict carcass values. Use of ultrasound equipment allows live measurements to 

predict carcass measurements, is more practical for people and less stressful on pigs (Wood, 

1986). Ultrasonic images were first captured with the use of A-mode technology which 

shows only depth of tissues (Ramsey et al., 1972). An early study using this technology, 

during two trials, found correlations between ultrasound loin muscle depth and carcass loin 

muscle area (LMA) of 0.67 and 0.73 (Ramsey et al. 1972). Mersmann (1982) used A-mode 

ultrasound to measure backfat depth (BF) and LMA on live pigs. The author reported 

correlations for two trials between ultrasonic measurements and carcass measures for first rib 

BF (0.45 and 0.64), last rib BF (0.65 and 0.65), last lumbar BF (0.76 and 0.20), and LMA 

(0.51 and 0.47). The loin muscle area prediction using A-mode was based on various 

formulas that took into account the loin depth measures.  



 

 5 

Real-time ultrasound or B-mode, which provides a cross sectional image of the loin 

and fat layers, has been used on live pigs to predict carcass measurements for LMA, loin 

muscle depth and BF at various locations (Christian and Moeller, 1990; Smith et al., 1992). 

One of the initial studies using this type of ultrasound found correlations between live 

measures and carcass measures of 0.92 for fat depth, 0.70 for LMA, and 0.47 for loin depth 

(Stouffer et al., 1961). However, initially B-mode was quite expensive and consequently, 

seldom used (Ramsey et al., 1972). Correlations between real-time ultrasound measures and 

carcass measures have been shown to be moderate to highly correlated. Smith et al. (1992) 

measured correlations between real-time ultrasound and carcass measures for 10
th

 rib BF 

(0.63), last rib BF (0.91), and LMA (0.53). Christian and Moeller (1990) found correlations 

between real-time ultrasound measures and carcass measures for first rib BF (0.82), 10
th

 rib 

BF (0.82), last rib BF (0.60), last lumbar BF (0.69), and LMA (0.73). Correlations have been 

reported as high as 0.87 for 10
th

 rib BF and 0.74 for LMA (Moeller and Christian, 1998). 

Standardization of measurement procedures was another problem the swine industry 

faced. In a 1991 survey of boar test stations, BF was measured at three different locations, 

five different ultrasound machines were used consisting of both A-mode and B-mode, and 

three different off-test weights were used (Miller, 2000). Human error or technician skill was 

another problem shown to affect accuracy of prediction (Wood, 1986; McLaren et al., 1991; 

See, 1998). To help correct this problem, the National Swine Improvement Federation 

created “Program for the Standardization and Certification of Live Pigs” in 1993. This 

program was put in place to train and certify ultrasound technicians (Miller, 2000). Robison 

(2000) noted this program increased the uniformity of data collected from performance 

testing.  
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Technological advancements in measurement technology and increased uniformity of 

measurement procedures resulted in increased accuracy in the prediction of carcass 

characteristics based on live data. This along with heritabilities reported by Lo et al. (1992) 

for real-time ultrasound BF (0.54) and LMA (0.46) at the last rib indicates carcass traits can 

be improved through selection for real-time ultrasound data. The ability to select individuals 

based on their own information, as opposed to solely on sibling data or progeny data, is less 

expensive and results in greater genetic response (Falconer and Mackay, 1996).   

Artificial Insemination. Artificial insemination (AI) with fresh extended semen was 

introduced in the U.S. during the 1960’s (Olsen, 1981). In 1974, commercial producers were 

first offered a training course in AI, but it was not until 1976 that commercial boar studs 

opened (Safranski, 1997). The authors also reported, through the late 1970’s less than 1% of 

females in the U.S. swine industry were mated with AI while at the same time many other 

counties were at a considerably higher level. West Germany and the Philippines had AI rates 

of 85% and 100% respectively. Artificial insemination use in the U.S. continued at less than 

5% until the late 1980’s or early 1990’s (Safranski, 1997). In 1997, AI use had risen to nearly 

50% and the largest swine producers were utilizing AI for more than 75% of matings 

(Pork’98, 1998). By 2000, AI use had risen to over 50% in the U.S. swine industry (See, 

2000). A USDA (2001) survey for swine operations in 2000 indicated almost 69% of sows 

and nearly 65% of gilts were mated via AI. A 2003 survey conducted at the University of 

Missouri-Columbia reported hog operations that marketed over 50,000 head/yr utilized AI 

for over 98% of matings and operations that marketed between 1,000 and 50,000 head/yr 

ranged from 60 to 91% in their use of AI (Boessen et al. 2004). Mabry (2004) estimated over 

75% of market hogs were farrowed from females mated with AI.  



 

 7 

Olsen (1981) stated International Boar Semen, a popular boar stud, would only 

purchase the top 2% of tested Duroc boars for their stud and 95% of their boar semen was 

sold to commercial producers. Natural service mating typically requires a female to boar ratio 

of 16:1 while the same ratio with AI use is 100:1 (Estienne, 1999). Use of AI allows for 

greater genetic improvement in the U.S. swine industry due to the ability to mate superior 

boars to more females which allows fewer boars to be selected, and thus, greater selection 

intensity can be practiced (Estienne, 1999).  

Central Test Stations. For many years central test stations were a place for hog 

producers to evaluate performance of boars and market pigs. During the early years of these 

central test stations they were mainly used for sib-testing or market-litter testing (Drewry, 

1979; Robison, 1982). Many eventually converted to boar test stations. These central test 

stations also allowed producers to market and purchase centrally tested boars. In 1954 the 

first facility, Ohio Evaluation Station, was built and by 1971, 26 states had 36 central test 

stations. Before 1974, there were no standards for testing or reporting of performance data 

(Robison, 2000). Test stations were managed separately, and in 1974, the National 

Association of Swine Testing Stations, which later became National Swine Improvement 

Federation, was formed to create guidelines for performance testing at the central test stations 

(Miller, 2000).  

Huinker (1979) stated over the prior 20 years central test stations were the U.S swine 

industry’s greatest tool. From 1956 to 1978, Hampshire boars at central test stations had 

reduced backfat (4.8 to 3.7 cm), increased average daily gain (0.86 to 0.97 kg/d), and reduced 

feed to gain (over 15 %) (Rus, 1978). 
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The goals and accomplishments of central test stations varied over time. One goal 

was to collect data for traits such as feed conversion, which were not easily measured 

(Meeker, 1986). Another goal was to increase genetic progress by identifying superior 

genetics and exchanging these genetics between producers (Rus, 1978; Robison, 1982).  

The central testing stations allowed producers to compare genetics from different 

swine herds at a central location. With the advent of AI, boar studs would purchase these 

superior genetics and make them available to a greater number of producers (Olson, 1981).  

     

Feeding Program Improvements 

  Many changes occurred from 1980 to 2005 in nutrition and feeding practices. 

Nutritional programs are typically developed to meet or exceed the National Research 

Council’s (NRC) nutrient requirements for swine. Advances in research and knowledge of 

swine nutrition have led to changes in the NRC recommendations from 1980 to 2005 (NRC, 

1979; NRC, 1998). The significant differences in requirements for the 1980 and 2005 feeding 

programs, which utilize the 1979 and 1998 NRC revisions, are increased final body weight, 

increased crude protein from 5 kg to finish, constant digestible energy (DE) and 

metabolizable energy (ME) from beginning to end on a kcal/kg basis, increased percent 

lysine, and added linoleic acid (fat). Differences are summarized in Tables 1 and 2. Other 

changes in feeding programs during this time period are pelleting of diets, increased number 

of dietary feeding phases, added growth promoting levels of antibiotics, and synthetic amino 

acids.  
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Table 1. 1980 Nutrient requirements of swine  

 1979 NRC 

BW (kg) 1-5 5-10 10-20 20-35 35-60 60-100 

Daily Feed Intake (kg) 0.25 0.5 1 1.5 2 3 

Digestible energy (kcal/kg) 3700 3500 3370 3380 3390 3195 

Metabolizable energy (kcal/kg) 3600 3400 3160 3175 3190 3195 

       

Crude protein (%) 27 20 18 16 14 13 

Lysine (%) 1.28 0.95 0.79 0.7 0.61 0.57 

Linoleic acid (%) 0 0 0 0 0 0 

 

Table 2. 2005 Nutrient requirements of swine  

 1998 NRC 

BW (kg) 3-5 5-10 10-20 20-50 50-80 80-120 

Daily Feed Intake (kg) 0.25 0.5 1 1.86 2.58 3.075 

Digestible energy (kcal/kg) 3400 3400 3400 3400 3400 3400 

Metabolizable energy (kcal/kg) 3265 3265 3265 3265 3265 3265 

       

Crude protein (%) 26 23.7 20.9 18 15.5 13.2 

Lysine (%) 1.34 1.19 1.01 0.83 0.66 0.52 

Linoleic acid (%) 0.1 0.1 0.1 0.1 0.1 0.1 

 

Advances in genetics, nutrition and technology previously described have led to the 

phenotypic improvements experienced in the U.S. swine industry from 1980 to 2005.  

 

Related Studies with Poultry 

  Contributions of genetics and nutrition to performance changes in the broiler industry 

have been more extensively studied. As with swine, BLUP has also been introduced into 

poultry genetic evaluations. Morris and Pollott (1997) noted similar findings in a closed line 

of commercial broilers, as those in swine simulation studies. Increasing number of records by 

using more pedigree information increased the accuracy and subsequently, the genetic 

response of selection using BLUP compared to selection index or phenotypic selection.  
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Havenstein et al. (1994a and 1994b) and Qureshi and Havenstein (1994) evaluated 

economically important traits comparing 1957 broilers to 1991 broilers when fed diets 

representative of those time periods.  

Broilers from the 1991 genetic strain fed the 1991 diet had BW 3.2 to 4.2 times 

greater than 1957 genetic strain fed the 1957 diet for BW measures one through five. The 

authors indicate that improved growth was mainly due to genetic selection for increased BW, 

85 to 90%, of the total improvement. The 1991 diet improved feed conversion 20%, while 

the 1991 genetic strain showed a 30% improvement in feed conversion. The authors 

suggested that the majority of the improved feed conversion from diet was due to difference 

in wasted feed for the 1957 mash diet versus the 1991 crumbled and pelleted diet. Mortality 

for the 1957 genetic strain was nearly three times less (3.3 vs. 9.1%) than the 1991 genetic 

strain (Havenstein et al., 1994a).    

Similar to BW differences reported in Havenstein et al. (1994a), carcass weights for 

the 1991 genetic strain fed the 1991 diet were 3.5 to 4.4 times heavier than 1957 genetic 

strain fed 1957 diet. Hot carcass yield was nearly 7% greater for 1991 genetic strain versus 

1957 genetic strain; compared to a 2% increase for the 1991 diet versus 1957 diet. At the 

same age, broilers from the 1991 genetic strain were fatter than 1957 genetic strain broilers, 

while fatness did not differ between diets. The most important measure, according to the 

authors, was fat at the respective market ages for the two genetic strains. The 1991 genetic 

strain at 42 days of age and the 1957 genetic strain at 85 days of age did not differ in carcass 

fat (Havenstein et al., 1994b).  

Similar to the prior studies mentioned, Cheema et al. (2003), Havenstein et al. 

(2003a), and (2003b) measured differences in economically important traits between 1957 
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broilers; however, these studies compared them to 2001 broilers, when fed diets 

representative of 1957 and 2001.  

Broilers from the 2001 genetic strain fed the 2001 diet were 3.86 to 4.96 times 

heavier for five live measures of BW. Change in diet regardless of genetic strain increased 

BW 7.4 to 12% for the five BW measures. Similar to Havenstein et al. (1994a) changes in 

diet accounted for 7 to 12% of the increase in BW. The combination of genetic and 

nutritional improvement reduced feed conversion for 2001 genetics and nutrition nearly three 

times from what it was in 1957. Also in agreement with Havenstein et al. (1994a), the genetic 

improvements accounted for 85 to 90% of the change in growth rate, while nutrition 

accounted for 10 to 15% of change. The authors also suggested the improvement in growth 

rate reported in Havenstein et al. (1994a), has continued at a similar to slightly higher rate 

through 2001. Mortality for the 1957 genetic strain was one-half that of the 2001 genetic 

strain (Havenstein et al., 2003a).  

Carcass weights were 4.6 to 6.0 times heaver for the 2001 genetic strain fed the 2001 

diet compared to the 1957 strain fed the 1957 diet, which is in agreement with Havenstein et 

al. (1994a) and (2003a). Carcass weight and yield showed genetic strain by diet interaction of 

magnitude, where 2001 genetic strain showed a greater increase in both traits when fed 2001 

vs. 1957 diets than the 1957 strain fed 2001 vs. 1957 diets. In agreement with Havenstein et 

al. (1994b), carcass fat did not differ for the two genetic strains at their respective slaughter 

ages of 43 and 85 days. The 2001 diet increased carcass fat compared to the 1957 diet 

(Havenstein et al., 2003b). 

Based on these results it was concluded that dramatic improvements have been made 

over time in the poultry industry; however, some unfavorable changes were also found.    
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Genetic Effects on Economically Important Traits 

Growth and Performance 

There are several important traits that fall into the category of growth and 

performance. Average daily gain (ADG), average daily feed intake (ADFI), gain to feed 

(G:F) or feed to gain (G:F), days to a specified BW, loin muscle area (LMA), backfat (BF) at 

various locations, and lean gain which takes into account ADG, LMA, and BF. These traits 

are focal points of most terminal selection programs. 

Genetics Trends 

 The National Barrow Show (NBS) progeny test is an evaluation of a sire’s progeny 

for various traits. Pigs in the 1980 NBS progeny test averaged 0.72 kg/d for ADG, 2.64 cm 

for 10
th

 rib BF, and 29.48 cm
2
 LMA (Phillips, 1980). Phenotypic improvements were 

demonstrated when these figures were compared to those reported for the 2005 NBS progeny 

test. The 2005 NBS progeny test averaged 0.81 kg/d for ADG, 10
th

 rib BF was reduced to 

1.91 cm, and LMA was increased to 38.00 cm
2
 (2006). Similar phenotypic trends during part 

of this time period were reported for the North Carolina Central Boar Test (Jones, 1994). 

From 1980 to 1993 ADG improved by 12%, backfat was reduced by 17% and feed efficiency 

improved by 13.50%.    

Genetic trends for Swine Testing and Genetic Evaluation System (STAGES) data for 

days to 113.5 kg, BF thickness, LMA, and lean gain from pigs in the U.S. Yorkshire, Duroc, 

Hampshire, and Landrace breeds between 1990 to April 2000 were analyzed in Chen et al. 

(2002). Average genetic change for the four breeds was -0.40 d/yr for days to 113.5 kg, -0.40 
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mm/yr for 10
th

 rib BF, 0.37 cm
2
/yr for LMA, and 2.35 g/d/yr for lean gain. Lean gain was 

calculated using fat-free lean prediction from NPPC (2000).  

  Genetic trends for the Canadian swine industry were estimated in multiple papers for 

different time periods (Hudson and Kennedy, 1985; Sullivan and Dean, 1994; Kennedy et al., 

1996). Hudson and Kennedy (1985) estimated genetic trends for Yorkshire, Landrace, 

Hampshire, and Duroc pigs born July 1981 to December 1983 and for parents born from 

1974 to 1982 for age at 90 kg and BF for the Ontario swine industry. Genetic trends per year 

for BF (mm/yr) and days to 90 kg (days/yr) estimated for individuals were -0.12 mm/y and -

0.54 days/yr, -0.18 mm/yr and -0.82 days/yr, -0.02 mm/yr and -0.52 days/yr, and -0.02 

mm/yr and -0.62 days/yr for Yorkshire, Landrace, Hampshire, and Duroc, respectively. 

Estimates of genetic trends for dams and sires born between 1974 and 1982 were similar to 

genetic trends of progeny for BF but were not as large for days to 90 kg. Phenotypic trends 

for BF and age at 100 kg from 1976 to 1993 were estimated for performance tested pigs in 

Canada from the Yorkshire, Landrace, Hampshire, and Duroc breeds by Kennedy et al. 

(1996). The average phenotypic trends were -0.23 mm/yr BF and -0.98 d/yr for age at 100 

kg. Landrace and Duroc had the greatest average improvements on a yearly basis for both 

traits. Table 3, adapted from Sullivan and Dean (1994), summarizes genetic trends for BF 

and days to 100 kg between 1980 and 1992 for the Canadian swine industry. The amount of 

annual improvement increased over time due to improvement of selection methods (Sullivan 

and Dean, 1994). Improvement in genetic trends coincided with implementation of BLUP 

into selection programs and agrees with the papers previously summarized on BLUP’s 

advantages. The genetic trends summarized in Table 3 are in agreement with trends in the 

Canadian swine industry reported in Hudson and Kennedy (1985) and Kennedy et al. (1996).       
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Table 3. Genetic trends of the Canadian swine industry (Adapted from Sullivan and Dean, 

1994) 

 1980-1985 1985-1990 1990-1992 

 BF
1
 

(mm/yr) 

Age at 100 

kg (d/yr) 

BF
1
 

(mm/yr) 

Age at 100 

kg (d/yr) 

BF
1
 

(mm/yr) 

Age at 100 

kg (d/yr) 

Yorkshire -0.20 -0.60 -0.21 -0.90 -0.30 -1.50 

Landrace -0.33 -0.80 -0.25 -1.30 -0.43 -1.40 

Hampshire -0.08 -0.60 -0.07 -0.90 -0.20 -1.30 

Duroc -0.18 -0.90 -0.18 -1.30 -0.34 -1.50 
1
 BF: backfat depth 

Kaplon et al. (1991a) evaluated phenotypic and genetic trends for Polish Large White 

pigs from 1978 to 1987 based on on-farm tests of boars and nucleus records for sows. 

Phenotypic trends for BF, ADG, and days to 110 kg were -0.065 mm/yr, 6.80g/d/yr, and -

2.76 days/yr. Genotypic trends varied in magnitude and direction for animal, sire, and dam 

genetic values. For BF, animal, sire, and dam genetic trends were favorable but insignificant. 

Genetic trends for days to 110 kg and ADG were favorable and significant for sire but were 

negated by the dam’s unfavorable value and therefore, animal was not different from zero.  

Data from pigs at central test stations in Finland from 1982 to February 1994 were 

used to estimate genetic trends in the Large White and Landrace breeds for ADG and feed 

conversion (Mantysaari et al., 1994). Examination of mean breeding values shows obvious 

improvements for both breeds from 1987 to 1992 in ADG and feed conversion. Both breeds 

had similar genetic progress in their feed conversion improvement while Landrace had 

slightly greater improvement in ADG than Large White.  

Kovac and Goeneveld (1990) used sib-test data from 1979 to 1987 compiled at test 

stations to estimate genetic and phenotypic progress of Landrace and Large White pigs in the 

German swine industry. Total phenotypic improvements were 23 g (Landrace, dam) 22 g 

(Large White), and 12 g (Landrace, sire) for ADG and -0.16 (Landrace, dam), -0.19 (Large 

White), and -0.22 (Landrace, sire) for feed efficiency. Genetic response over the same time 
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period occasionally exceeded phenotypic response due to the unfavorable environmental 

effect. Estimates of genetic trends were 21.7 g (Landrace, dam), 49.2 g (Large White), and 

23.0 g (Landrace, sire) for ADG and -0.42 (Landrace, dam), -0.82 (Large White), and -0.107 

(Landrace, sire) for feed conversion. 

Phenotypic and genetic trends for traits emphasized in most selection programs 

throughout the world’s swine industries around the 1980 to 2005 time period are mainly 

favorable and show vast improvements were made.  

Reported genetic trends indicate selection was successful. This success suggests the 

traits of interest are heritable. Many studies have been conducted to estimate the heritability 

of these traits for different populations. Lo et al. (1992) estimated heritabilities for U.S. 

Duroc and Landrace pigs. Heritabilities were estimated for days to 103.6 kg (0.43), ADG 

(0.36), real-time ultrasound BF (0.54), and real-time ultrasound LMA (0.46). Similar 

heritabilities were estimated in the terminal line test across all major U.S. breeds for ADG 

(0.50), days to 113.4 kg (0.57), BF (0.46), LMA (0.48), and lean gain per day on test (0.48) 

(NPPC, 1995). Cameron (1990a) calculated heritabilities in British Duroc and British 

Landrace pigs for ultrasonic mid-back BF depth (0.29 to 0.40) and ADG (0.41 to 0.50). 

Heritabilities for ADG (0.43), BF (0.59), lean growth rate (0.40), feed conversion (0.28) lean 

feed conversion (0.34), and ADFI (0.45) were estimated from Canadian Yorkshires, 

Landrace, and Duroc test station pigs (Mrode and Kennedy, 1993). Kennedy et al. (1985) 

estimated heritabilities for Yorkshire, Landrace, Duroc, and Hampshire pigs in the Canadian 

swine industry for days to 90 kg (0.27 to 0.46) and BF (0.40 to 0.61). Much lower estimates 

were reported on a U.S. Large White herd by Johnson et al. (1999) for ADG (0.24), BF 

(0.36), and LMA (0.24) and for Polish Large Whites based on performance tested boars for 
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ADG (0.27), BF (0.29), and days to 110 kg (0.26) (Kaplon et al., 1991b). Stewart and 

Schinckel (1989) summarized more than 175 research papers and calculated a weighted 

average of heritabilities for ADG (0.30), days to 104.3 kg (0.25), BF (0.41), F:G (0.30), and 

ADFI (0.24).     

The traits summarized are typically the focal points of selection indices; however, not 

all selection indices include the same traits or measures for the traits. Subsequently, it is 

important to look at correlations among these traits.  

Genetic correlations between these traits were reported by Kaplon et al. (1991b), Lo 

et al. (1992), Mrode and Kennedy (1993), NPPC (1995) and a summary of over 175 research 

papers in Stewart and Schinckel (1989). Average daily gain had favorable genetic 

correlations with days to a specified BW (-0.83 to -0.99), lean gain (0.24 to 0.96), and feed to 

gain (-0.28 to -0.70). Genetic correlation between LMA and ADG were both unfavorable and 

favorable and ranged from (-0.18 to 0.36) while ADFI and ADG were highly positive in 

correlation (0.58 to 0.80). Average daily gain (0.13 to 0.43) days to a specified BW (-0.04 to 

-0.43), feed to gain (0.09 to 0.40), ADFI (0.33 to 0.64), and lean gain (0.11) were 

unfavorably correlated with BF. However, BF was favorably correlated with LMA (-0.27 to -

0.61).  

Correlated Responses 

While growth, efficiency, leanness and muscle tend to be the main emphasis in 

selection programs for commercial pigs there is the potential for correlated responses, both 

favorable and unfavorable, in other economically important traits due to advances made in 

traits selected. The following section will examine potential correlated responses for these 

traits. 
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Structure. The U.S. swine industry’s shift to confinement housing with slatted and 

hard-surfaced floors has led to an increased need to emphasize feet and leg structure 

(Bereskin, 1979a). Selection for structural correctness is typically done in two ways, direct 

selection where animals that are deemed unsound are not selected and indirect selection 

where animals whose soundness reduces longevity will not have as much influence in the 

herd. Heritabilities have been reported for subjective scores of structural soundness for front 

legs of 0.28 and rear legs of 0.39 (Bereskin, 1979b), and overall structural correctness of 0.19 

(NPPC, 1995). Bereskin (1979b) and NPPC (1995) also reported the following genetic 

correlations: front leg with ADG (0.33), BF (0.35), and LMA (-0.33), rear leg with ADG 

(0.09), BF (0.05), and LMA (-0.19) and overall structural correctness with ADG (0.11), BF 

(0.07), and days to 113 kg (-0.09). Structural correctness is low to moderately correlated with 

the aforementioned performance traits. Selection for increased ADG and Days to 113 kg is 

favorable while selection for BF and LMA are unfavorable for improving structural 

correctness. 

Carcass Traits. Carcass traits such as dressing percent and carcass length are aspects 

of economically important traits which are typically not selected for. Heritabilities reported 

by NPPC (1995) for dressing percent (0.18) and carcass length (0.52) are in agreement with 

Lo et al. (1992) for carcass length (0.62) and Stewart and Schinckel (1989) for carcass length 

(0.56) and dressing percent (0.30). Estimated genetic correlations in NPPC (1995) were 

unfavorable between carcass length and days to 113 kg (0.14), ADG (-0.19), and ADFI (-

0.07) but favorably correlated with BF (-0.34) and virtually uncorrelated with LMA (0.02). 

However, in Stewart et al. (1989) genetic correlations reported were not in agreement. This 

summary indicates carcass length is favorably correlated with BF (-0.28), days to 104.3 kg (-
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0.10), ADG (0.10), and F:G (-0.07). Stewart and Schinckel (1989) also reported dressing 

percent has no genetic correlation with ADG, days to 104.3 kg, and F:G but is unfavorably 

correlated with BF and favorably correlated with ADFI. Genetic correlations reported in 

these two papers contradict one another and indicate the direction and magnitude of the 

correlation depends on the population of pigs. Results of the two papers were consistent with 

regard to the relationship between BF and carcass length, and it was concluded that selection 

for reduced BF would result in longer carcasses. Stewart and Schinckel (1989) indicates 

selection for reduced BF leads to lower dressing percent and selection for increased ADFI 

leads to higher dressing percent.  

Pork Quality. Pork quality or measures of the quality of the muscle, which affects 

consumer acceptance of a product, is becoming more important in the swine industry due to 

emphasis being placed on consumer acceptance of the product (Brisbane and Chesnais, 1998; 

Emmet et al., 2000; Newcom et al., 2003). Intramuscular fat (IMF), color, water holding 

capacity, pH, and tenderness are the most common measures for pork quality (Barton-Gade, 

1990; Schwab et al., 2006). All of these traits have been shown to be heritable. Lo et al. 

(1992) estimated heritabilities in Duroc and Landrace breeds for pH (0.14), shear force 

(0.17), percent intramuscular fat (IMF) (0.52), water holding capacity (0.25), and loin 

subjective scores for color (0.11), firmness (0.29), and marbling (0.16). Heritability estimates 

for IMF content (0.53), pH (0.20), and muscle light reflectance (0.20) of Duroc and Landrace 

pigs were reported by Cameron (1990b). Duroc and Dutch-Yorkshire pigs were used to 

estimate heritablities for percent IMF (0.61), percent drip loss (0.30), loin pH (0.39), ham pH 

(0.20), and meat color (0.29) (Hovenier et al., 1992). Knap et al. (1997) estimated 

heritabilities for both Large White and Landrace Austrian test station pigs for pH (0.19 and 
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0.14), meat color (0.26 and 0.12), drip loss (0.38 and 0.67) and IMF (0.38 and 0.67). A 

comprehensive study measuring most pork quality measures was reported by NPPC (1995). 

Heritability estimates were calculated on 9 breeds or genetic lines in the U.S. swine industry. 

Heritability estimates at 45 minutes for color score (0.17), marbling score (0.13), firmness 

score (0.17), Hunter L color (0.24), and loin reflectance (0.25) and at 24 hours after initial 

measurement for color score (0.19), marbling score (0.31), firmness score (0.21), Hunter L 

color (0.31), and muscle reflectance (0.29) were reported. Heritability estimates for other 

pork quality traits included pH (0.38), drip loss (0.16), water holding capacity (0.19), and 

percent IMF (0.47) of the loin muscle. The heritabilities summarized indicate there is genetic 

variation, and thus, it is important to examine the genetic correlation between these traits and 

performance traits. 

Lo et al. (1992) reported genetic correlations between important pork quality traits 

and performance traits emphasized in selection programs. Average daily gain was favorably 

correlated with percent IMF (0.27), percent of free water in the muscle (-0.55), and shear 

force (-0.27). Days to 103.6 kg was also favorably correlated with percent IMF (-0.33), 

percent of free water in the muscle (0.53), and shear force (0.49). Real-time measures of BF 

depth were unfavorably correlated with percent IMF (0.60), and shear force (-0.48) but 

favorable with percent of free water in the muscle (lower value indicates superior water 

holding capacity) (0.25). Real-time ultrasound LMA was unfavorably correlated with percent 

IMF (-0.31), percent of free water in the muscle (0.57), and shear force (0.41). Hovenier et 

al. (1992) was in agreement for genetic correlations of ADG with water holding capacity (-

0.06) and IMF (0.19) and for ultrasound BF with percent IMF (0.37). Meat color (0.46), loin 

pH (0.12), and ham pH (0.26) were all favorable in their genetic correlation with ADG. 
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Backfat was unfavorably correlated with drip loss (-0.07), loin pH (0.15), ham pH, and 

uncorrelated with meat color. NPPC (1995) calculated genetic correlations between nearly all 

performance traits and pork quality traits. Many of the pork quality traits were lowly 

correlated or uncorrelated with performance traits. Average daily feed intake was essentially 

uncorrelated with pork quality traits. Genetic correlations reported in NPPC (1995) for ADG 

and days to 113.4 kg were lowly and unfavorably correlated with pork quality traits except 

Instron tenderness (-0.07) and percent IMF (0.06). This is not in agreement with results 

presented by Hovenier et al. (1992) and Lo et al. (1992). High unfavorable correlations were 

between LMA, BF, and lean gain on-test with IMF (subjective and chemical), subjective 

firmness, Instron tenderness, and ultimate pH were reported. Backfat (0.13) and lean gain on 

test (0.12) were also unfavorably correlated with drip loss however LMA (-0.05) is favorably 

correlated. These genetic correlations are summarized in Table 4.   
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Table 4. Genetic correlations between growth and performance traits and pork quality traits 

(Adapted from NPPC, 1995) 

  

ADG
1
 

Days to 

113.4 kg 

 

LMA
2
 

 

BF
3
 

Lean gain 

on-test 

45 minute       

Subjective color score -0.07 0.06 -0.04 -0.06
*
 -0.03 

Subjective marbling score -0.4 0.03 -0.22 0.17 -0.18 

Subjective firmness score -0.05 0.06 -0.07 -0.02
*
 -0.05 

Minolta 0.11 -0.11 0.02 0.08 0.05 

Ultimate      

Subjective color score -0.07 0.04 -0.08 -0.02
*
 -0.07 

Subjective marbling score -0.03 0.02 -0.20 0.20 -0.20 

Subjective firmness score -0.04 0.02 -0.11 -0.07
*
 -0.10 

Minolta 0.11 -0.11 -0.06 0.09 0 

Intramuscular fat, % 0.06
*
 -0.09

*
 -0.25 0.30 -0.20 

Ultimate pH -0.11 0.10 -0.11 0.03 -0.13 

Drip loss 0.07 -0.06 -0.05
*
 0.13 0.12 

Instron tenderness -0.07
*
 0.07 -0.17 0.15 0.09 

* 
indicate favorable correlation 

1
 ADG: average daily gain 

2
 LMA: loin muscle area 

3
 BF: backfat depth 

 

Genetic correlations reported by Lo et al. (1992), Hovenier et al. (1992), and NPPC 

(1995) indicate there is considerable variation in the genetic relationship between growth and 

performance traits and pork quality traits in different populations. Average daily gain and 

days to a specified BW had both favorable and unfavorable genetic correlations, which 

suggest selection for those traits will not have a consistent effect on pork quality. Genetic 

correlations for BF, LMA, and lean gain with pork quality traits indicate selection with 

emphasis only for those three traits will lead to poorer pork quality.  

As previously discussed, pork quality is becoming more important in the swine 

industry due to consumer demand. The pork quality traits summarized are thought to be 

indicators of eating quality. Eating quality is a way to measure consumer acceptance of a 

product.  
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Heritability estimates for taste panel traits were estimated by Lo et al. (1992) for 

juiciness (0.12), tenderness (0.45), pork flavor intensity (0.13), off-flavor intensity (0.03), 

and overall acceptance (0.34). Cameron et al. (1990b) estimated heritabilities for flavor 

liking (0.16), pork flavor (0.14), abnormal flavor (0.31), tenderness (0.23), juiciness (0.18), 

and acceptability (0.16). Estimates from NPPC (1995) were for juiciness (0.01), tenderness 

(0.20), chewiness (0.20), flavor (0.05), and off-flavor (0.25). There is considerable variation 

for heritabilities between studies. Still, there is enough evidence to conclude that taste panel 

traits are heritable, and thus, selection is possible.  

Does taste panel acceptance change due to selection on growth and performance 

traits? Lo et al. (1992) estimated genetic correlations between; ADG and juiciness (-0.50), 

tenderness (0.00), pork flavor intensity (0.88), and overall acceptance (-0.17); days to 103.6 

kg and juiciness (0.16), tenderness (-0.46), pork flavor intensity (-0.19), and overall 

acceptance (0.08); real-time ultrasound BF and juiciness (0.85), tenderness (0.16) pork flavor 

(0.63), and overall acceptance (-0.04); real-time ultrasound LMA and juiciness (-0.31), 

tenderness (-0.13), pork flavor intensity (-0.44), and overall acceptance (-0.71). Genetic 

correlations between lean weight of the carcass, a factor of LMA and BF, and flavor liking (-

0.16), pork flavor (-0.60), abnormal flavor (-0.08), tenderness (-0.29), juiciness (-0.47), and 

acceptability (-0.32) were estimated in Cameron (1990b). In NPPC (1995) juiciness, flavor 

and off flavor were essentially uncorrelated with growth and performance. Backfat and LMA 

were unfavorably correlated with tenderness (0.14 and -0.11) and chewiness (-0.13 and 0.09). 

Again genetic correlations vary considerably between populations. However, selection for 

increased LMA and reduced BF will lead to a reduction in consumer acceptance as measured 

by taste panel traits. 
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Pork quality has also been evaluated in pigs from selection studies for leanness and 

lean gain (Lonergan et al., 2001; Schwab et al., 2006). Duroc pigs from a line selected for 

lean growth efficiency had lower 45 minute pH, lower subjective firmness score, higher 

Warner-Bratzler shear force, more drip loss, and lower percent IMF in the loin muscle 

(Lonergan et al., 2001). These results were in agreement with another study using Duroc pigs 

selected for increased leanness compared to pigs from boars from an older time period 

(Schwab et al., 2006). Pigs from the selected line had lower percent IMF, subjective marbling 

score, Instron tenderness, and subjective color score. Pigs from the selected line also had 

lower pork flavor score and a greater incidence of off-flavor. Cameron et al. (1999) used 

Large White pigs selected for efficient lean growth to evaluate meat quality differences. This 

study did not report significant differences in pork quality between the select and control line 

which may be due to the utilization of both restricted and ad-libitum feeding regimes. 

Lonergan et al. (2001) and Schwab et al. (2006) used ad-libitum feeding and the results agree 

with genetic correlations indicating selection for increased leanness and muscle subsequently 

decreases pork quality.  

Since leanness or selection for increased leanness appear to impact pork quality traits, 

it may be important to examine how level of fat thickness affects pork quality. Pigs from 

fatter carcasses had less drip loss and superior tenderness and juiciness scores from a 

consumer taste panel (Kempster et al., 1986). Pigs with a greater amount of backfat were 

shown to have superior juiciness and less incidence of abnormal odor than leaner pigs as 

measured by a trained panel with cooked pork loin chops (Wood et al., 1986b). Blanchard et 

al. (2000) found limited correlations between backfat thickness and pork quality traits. 

Correlation between backfat thickness and shear force does indicate leaner pigs have less 
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tender loin muscles. These findings appear to agree with genetic correlations between BF and 

pork quality traits previously discussed.  

The genetic trends for growth and performance traits and the genetic correlations for 

typically unselected traits indicate great amounts of change have possibly occurred from 

1980 to 2005 based on practiced selection. Growth and performance have changed for the 

better. However, pork quality traits may have suffered due to unfavorable correlations.     

 

Effects of Feeding Program Changes on Economically Important Traits 

Significant changes have been made in feeding programs during the time period from 

1980 to 2005. Recommendations in nutrition requirements of swine (NRC, 1979; NRC, 

1998) suggest increased crude protein levels from 5 kg BW to slaughter, increased 

metabolizable energy from 10 kg BW to slaughter, higher percent lysine, and added dietary 

fat. Other important changes in feeding programs include increased prevalence of pelleted 

diets, increased number of dietary phases, more wide spread usage of growth promoting 

levels of antibiotics, and availability of synthetic amino acids. The effects of theses feeding 

program changes on growth and performance, carcass composition, and pork quality will be 

summarized in the following section.  

Pelleting Diets  

Pelleting swine diets reduces dustiness, improves handling and potentially improves 

digestibility (Patience and Thacker, 1989). As a result of these changes ADG is increased 

ADFI is reduced, and feed efficiency is improved (Hanke et al., 1972; Baird, 1973; Skoch et 

al., 1983; Wondra et al, 1995). Average daily gain increased 4.6%, ADFI was reduced 3.6%, 

and F:G was improved 7.8% when 120 Yorkshire pigs were fed pelleted diets vs. meal diets 
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from weaning to 100 kg (Baird, 1973). Hanke et al. (1972) reported a modest improvement in 

ADG but a sizable improvement in G:F in 740 commercial market pigs. Pelleted diets vs. 

mash diets fed to 146 weanling pigs resulted in no difference in ADG, ADFI or F:G. 

However, during the grow-finish phase these pigs showed a 6% improvement in F:G (Skoch 

et al., 1983). Wondra et al. (1995) reported pelleting diets improved ADG by 5% and G:F by 

7% for 160 finishing pigs. These studies are in agreement with a summary of 117 

experiments (Patience and Thacker, 1989), where pelleting increased ADG by 6.6% and feed 

efficiency by 7.9%. Baird (1973) reported pelleting diets had no effect on dressing percent, 

BF, LMA, carcass length, loin firmness, wetness or lean color. Wondra et al. (1995) also 

reported pelleting diets had no effect on dressing percent or BF. There is not a consensus 

among these authors for improvement in ADG; however, reported change in ADG may be 

due to improved nutrient digestibility (Wondra et al., 1995). Improvement in feed efficiency 

due to pelleting was consistent across all studies and is believed to be a result of reduced feed 

wastage. These improvements in ADG and feed efficiency come without sacrifice in other 

performance or carcass traits. 

Feed Grade Antibiotics 

 Inclusion of dietary antibiotics in swine diets has improved growth and efficiency in 

pigs (Cromwell and Dawson, 1992; Cromwell et al., 1996; Kendall et al., 2000; Weber et al., 

2001). Improvements from feeding antibiotics are reported to be a result of antibiotics effect 

on subclinical diseases allowing pigs to better achieve their growth potential (Cromwell and 

Dawson, 1992). Kendall et al. (2000) reported a 10% increase in ADG in the nursery stage of 

440 Large White x Landrace x Pietrain gilts when fed growth promotant levels of antibiotics. 

Antibiotics increased ADG and G:F for 192 crossbred weanling pigs in the first nine weeks 
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of testing (Weber et al., 2001). Cromwell et al. (1996) found a 2.5% improvement in ADG 

and F:G for 576 pigs in the grow-finish stage fed antibiotics vs. no antibiotics. A 

governmental report indicated feeding growth promotant levels of antibiotics resulted in 

improvements in ADG and F:G for 7-25 kg BW (16 and 7%), 7-49 kg BW (11 and 5%) and 

7 kg BW to finish (4 and 2 %) (Cromwell and Dawson, 1992). Cromwell (1991) suggested 

the response in a commercial environment could be two-fold that which is reported in trials 

involving research facilities which tend to have less disease. Feeding antibiotics to pigs as a 

growth promotant has been effective in increasing ADG and thereby, improving feed 

efficiency. These improvements appear to be the greatest when pigs are younger and 

decrease with age.  

Metabolizable Energy: Added Fat 

 Adding fat to swine diets increases the energy density of the diet. It is believed pigs 

eat to meet their energy requirements. Subsequently, adding fat to pig diets allows pigs to eat 

less and still increase the metabolizable energy consumed (Pettigrew and Moser, 1991; 

Hazzledine and Whittemore, 2006). Blended fat at 5%, added to pig diets from 51.7 to 104.3 

kg BW, tended to increase ADG, reduce ADFI, and as a result improved F:G 9% but did not 

affect BF, LMA or percent lean (Cline, 1990). Williams et al. (1994) used 306 barrows and 

gilts to evaluate the effect of adding 5% choice white grease to pig diets from 67.8 to 104 kg 

BW. Feed:gain was improved, however, no other growth or carcass traits were affected. 

Choice white grease added to feed at 0, 2, 4 and 6% fed to 480 pigs from 36 to 120 kg BW 

improved G:F and ADG linearly but did not affect BF, loin depth or percent lean (De la Llata 

et al., 2001). Engel et al. (2001) used 84 crossbred gilts to evaluate the effect of 0, 2, 4 or 6% 

choice white grease fed from 60 to 110 kg BW on growth and carcass traits. Adding dietary 
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fat improved G:F linearly but did not affect dressing percent, pH, BF, carcass length, LMA 

or percent lean. This study also found added fat had no effect on the following pork quality 

traits and sensory characteristics: subjective color, firmness, wetness, marbling, objective 

color, drip loss, Warner-Bratzler shear force, overall tenderness, juiciness, flavor intensity or 

off flavor intensity. These studies indicate adding fat, specifically choice white grease at the 

5% level to pig diets improves feed efficiency and has no unfavorable effects on other 

economically important traits.       

Protein Increase 

 Lean growth and dietary protein intake on a daily basis are linear in their relationship 

until the rate of protein deposition reaches its maximum. Increasing dietary protein increases 

the leanness of the pig (Whittemore, 2006b). Baker and Speer (1983) reviewed 25 years of 

studies involving amount of protein in swine diets and noted pigs with a greater genetic 

potential for lean growth had greater possible response in lean gain when fed higher amounts 

of protein. Increasing protein in a two phase diet from 14 and 11% to 18 and 15% fed to 60 

Duroc and Hampshire pigs from weaning to 96 kg did not affect ADG but improved F:G 6% 

(Hale and Southwell, 1967). Duroc and Yorkshire boars and gilts from genetic lines 

divergently selected for fatness fed 20% protein diets had higher ADG from 7 to 20 wk of 

age and more lean in their carcass than those fed 12% protein diets (Davey and Morgan, 

1969). Hale and Southwell (1967) reported no change in dressing percent and carcass length 

with reduced BF and increased LMA in pigs fed higher percent protein. Lean type barrows 

fed 2% more protein from weaning to slaughter had less BF and larger LMA (McConnell et 

al., 1971). Reciprocally crossed Yorkshire-Duroc pigs fed 16 vs. 12% protein diets had larger 

LMA (17%) and increased lean cuts (2%) but did not differ in carcass length, BF or belly 
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thickness (Bereskin and Davey, 1978). Goerl et al. (1995) reported increasing protein had a 

linear effect on BF, as percent protein increased BF decreased, a quadratic effect on LMA, 

lowest percent protein had smallest LMA and a quadratic effect on percent IMF, lowest 

percent protein had the most IMF and the two highest percent protein levels had similar low 

amounts of IMF. Increasing percent protein in the diet did not affect pH, water holding 

capacity or Hunter “L” value in the loin muscle. A quadratic effect was reported for Warner-

Bratzler shear force, where the lowest and highest percent protein had the lowest or most 

ideal shear force values. Increasing percent protein in the diet has been shown to increase 

ADG and feed efficiency by varying amounts, increase LMA, reduce BF and increase 

carcass percent lean. However, low levels of dietary protein resulted in increased percent 

IMF. 

Swine diets are typically corn and soybean meal based. Prior to the introduction of 

synthetic amino acids, crude protein level was an indicator of amino acid levels in the diet. It 

is now known that pigs require amino acid, protein components, not protein (Lewis, 1991). 

Therefore it is important to examine the effect of amino acid levels, specifically synthetic 

amino acids, on swine performance. 

Synthetic Amino Acids 

 Protein level of swine feed has been of known importance to swine growth and 

performance for many years. If the required amount of an essential amino acid is not met by 

a protein source it is called a limiting amino acid and the limiting amino acid with the 

greatest deficit is the first limiting amino acid. In cereal grains, which typically provide 

nearly half of the protein in grow-finisher diets, lysine is the first limiting amino acid (Lewis, 

1991). Consequently, it is important to evaluate the effect of increasing lysine in swine on 
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economically important traits; however, this places more emphasis on the next limiting 

amino acids. Subsequently, the advent of synthetic amino acids allows more choice among 

protein meals in balancing swine diets with respect to amino acids (Patience and Thacker, 

1989; Whittemore, 2006a). 

Increased Lysine. Increasing lysine in pig diets has been shown to improve pig 

growth and performance (Vipperman et al., 1963; Stahly et al., 1988; Friesen et al., 1994; 

Friesen et al., 1995; Robison et al., 2000b). Vipperman et al. (1963) found that adding 0.6% 

L-lysine HCL (0.98% lysine in diet) was optimal for improving ADG, LMA, and overall 

carcass lean content but had no effect on 10
th

 rib BF or carcass length. Increasing dietary 

lysine content from 0.5 to 0.95% for high and low lean growth pigs resulted in improved 

ADG and G:F from 0 to 42 d and higher ADG from weaning to 107 kg, increased LMA, and 

muscle gain/d for both high and low lean growth pigs (Stahly et al., 1988). Increasing the 

amount of lysine in all phases of a four phase feeding program to six different genetic lines 

increased ADG and LMA, but reduced BF and dressing percent (Robison et al., 2000b). 

Feeding higher amounts of dietary lysine to high lean-growth gilts from 34 to 72.5 kg BW, 

increased ADG linearly and increased G:F quadratically. Feeding higher amounts of lysine 

from 72.5 to 136 kg BW increased G:F quadratically (Friesen et al., 1994; Friesen et al., 

1995). Dressing percent, LMA, carcass length, and percent lipid content were not affected by 

increased dietary lysine content in high-lean-growth gilts; however, a quadratic effect was 

observed for BF depth where the highest level of lysine had the lowest BF (Friesen et al., 

1995). Witte et al. (2000) reported reducing lysine from 6.4 to 4.8 g/kg in diets fed to 72 

hybrid gilts 90 to 126 kg BW had no effect on ADG or ADFI but reduced G:F by 10%. This 

reduction had no effect on dressing percent, carcass length, first rib BF, last rib BF, last 
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lumbar BF, ultimate pH, drip loss, Hunter color, shear force or subjective loin muscle scores 

for color firmness or marbling. However, LMA was reduced, 10
th

 rib BF increased, and 

carcass lean decreased while percent IMF increased by nearly 19%. This is in agreement with 

Cisneros et al. (1996). In this study, 24 hybrid gilts were fed 5.6 vs. 4.0 g/kg lysine for 21 or 

35 day intervals prior to slaughter. Increasing lysine had no effect on ADG, G:F or BF but 

increased carcass yield. Subjective loin muscle scores for color, firmness and marbling were 

not affected; however, LMA was increased and IMF was decreased. Improvements in ADG, 

feed efficiency, muscle and leanness vary with lysine changes between trials. However, all 

these traits appear to be favorably affected by increases in lysine. Most pork quality and taste 

panel traits, except IMF, which is negatively affected, appear to be unaffected by increasing 

lysine content in pig diets. Lysine’s effect on IMF may be due to the increase in muscle 

production and decrease in fat production which occurs when lysine content is increased. The 

lysine requirement for pigs to maximize lean gain varies due to their genetic makeup. As lean 

gain potential increases the lysine requirement to maximize the potential also increases. If the 

lysine requirement is not met it appears the IMF is increased 

Increased Number of Dietary Phases 

 Pigs of various age, sex, and genetics require different levels of energy and other 

nutrients (Hazzledine and Whittemore, 2006). Phase-feeding or feeding different nutrient 

levels for specific stages of development in the pig is an attempt to accommodate this need 

(Patience and Thacker, 1989; Tokach et al., 1999; Hazzledine and Whittemore, 2006). 

Increasing the number of phases in growing-finishing diets has been shown to have no, or 

even negative effects on the growth and performance of pigs (Cline and Smith, 1998; 

O’Connell et al., 2005). These studies indicate there is little or no performance advantage to 
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an increased number of phases in a swine diet as long as the initial phases meet the growing 

pig’s nutrient requirement. However, as previously discussed, pigs require different nutrient 

levels at different stages (NRC, 1979; NRC, 1998). Modern feeding programs typically have 

smaller weight ranges for more feeding phases (NRC, 1998) than suggested feeding 

programs in the 1979 Pork Industry Handbook as reported in Krider et al. (1982). Younger 

pigs require higher protein or amino acids levels, which tends to be more expensive, than 

older pigs to reach maximum lean gain. By having more phases the nutrient levels may be 

lowered in the final stages of growth, which in turn could lead to lower costs and reduced 

nutrient excretion without negative effects on other economically important traits (Tokach et 

al., 1999). 

The changes in feeding programs discussed have had large impacts on the swine 

industry in the past 25 years. Many of the traits have improved growth and efficiency of 

swine, which supports the phenotypic trends observed over this time period. Feeding 

program improvements have increased muscle and to a lesser extent leanness with only 

minor negative effects on important pork quality traits. The reported reductions in IMF may 

not necessarily be a negative result of increased protein or lysine rather when pig’s growth 

requirements for lysine are not met IMF is increased. However, the vast majority of effects 

have been positive for the U.S. swine industry. 

 

Final Conclusion 

 Changes in genetics and feeding programs have led to improvements in the 

phenotypic trends from 1980 to 2005. Genetic selection with emphasis on lean efficiency 

which includes gain, feed efficiency, muscling, and leanness has been successful. Genetic 
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improvements are the beneficiary of technological advances, such as the application of 

BLUP, real-time ultrasound, and artificial insemination. Still, there are potential unfavorable 

correlations in pork quality which may have occurred. Feeding program alterations appear to 

have greatly improved gain, feed efficiency, and muscling with some minor unfavorable 

effects on pork quality traits, with leanness being affected both positively and negatively. 

Over the past 25 years the U.S. swine industry has made dramatic improvements through the 

application of technology in genetics and nutrition.  
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CHAPTER 2 

 

DIFFERENCES IN GROWTH PERFORMANCE, LEAN GROWTH 

PERFORMANCE AND LEG STRUCTURE/MOBILITY OF COMMERCIAL PIGS 

REPRESENTATIVE OF 1980 AND 2005 GENETIC TYPES WHEN REARED ON 

1980 AND 2005 REPRESENTATIVE FEEDING PROGRAMS 
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ABSTRACT 

The objective of this study was to assess changes over 25 yr in pig growth 

performance (n = 162) and leg structure/mobility (n = 185). Pigs representative of the current 

commercial industry (2005) were compared to pigs representative of the commercial industry 

25 yr ago (1980). The sample of 2005 genetic type pigs was obtained from a North Carolina 

commercial producer. The 1980 genetic sample was produced from dams selected to 

minimize genetic improvement since 1979 and frozen semen from boars commercially 

available in 1980. Pigs within sex, farrowing group, and genetic sample (GS) were randomly 

assigned to a feeding program (FP) and placed 3 per pen (n = 62). The 2005 FP was a seven 

phase pelleted FP (lysine from 1.51 to 0.73% and ME from 3428 to 3651 Kcal/kg) with 

added antibiotics, synthetic amino acids, and added dietary fat. The 1980 FP consisted of 

four meal diets (lysine from 1.05 to 0.62% and ME from 3262 to 3317 Kcal/kg) based on 

formulations from the 1980 Pork Industry Handbook which included no antibiotics, synthetic 

amino acids or added dietary fat. Individual BW and pen feed consumption were measured 

every 2 wk. Average daily gain, ADFI, and G:F were calculated for on test (BW = 7 ± 0.4 

kg) to nursery (BW = 26.9 ± 0.7 kg) (OTN), nursery to slaughter (NS), and on test to 

slaughter (OTS). Lean ADG (LADG) and lean G:F (LG:F) were calculated for OTS and first 

real-time ultrasound (RTU) (BW = 42.7 ± 1 kg) to slaughter (FSS). Real-time ultrasound 

(RTU) for backfat depth (BF) and longissimus dorsi muscle area (LMA) at the 10
th

 rib was 

done every 4 wk, beginning at wk 8 (group 1) or wk 10 (group 2). When average BW of the 

pen exceeded 116 kg, pigs were slaughtered. On average, pigs from 2005 GS were 

slaughtered 11 days sooner (P < 0.01) than 1980 GS pigs. Pigs fed 2005 FP reached final 

BW, on average, 12 days sooner (P < 0.01) than pigs fed 1980 FP. Genetic sample x FP 
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interactions were observed for ADG (NS) (P<0.05), ADG (OTS) (P<0.05), and LADG 

(OTS) (P<0.01) where 1980 vs. 2005 GS pigs showed increases of 7.0 vs. 12.6% in ADG 

(NS), 6.3 vs. 12.3% in ADG (OTS) and 7.0 vs. 17.0% in LADG (OTS) when fed 1980 vs. 

2005 FP. Pigs from 2005 GS had greater (P < 0.01) ADG (NS and OTS), greater LADG 

(OTS and FSS), reduced (P < 0.01) ADFI (OTN), greater (P< 0.01) G:F (OTN, NS and 

OTS), and greater LG:F (OTS and FSS). Pigs fed 2005 FP had greater (P < 0.01) ADG 

(OTN, NS, and OTS), greater LADG (OTS), reduced (P < 0.01) ADFI (NS, OTS, and FSS), 

greater (P < 0.01) G:F (OTN, NS, and OTS), and greater LG:F (OTS and FSS). The 2005 GS 

pigs had larger (P < 0.01) LMA RTU at 40, 70, and 95 kg BW and less (P < 0.01) BF RTU at 

70 and 95 kg BW than 1980 GS pigs. Pigs fed 2005 FP had larger (P < 0.01) LMA RTU at 

45, 70, and 95 kg BW than pigs fed 1980 FP. Three evaluators scored structural correctness 

and mobility. Pigs from 2005 GS were more relaxed in their front leg and rear leg joints (P < 

0.01) than 1980 GS pigs. A GS x FP interaction (P < 0.01) for mobility was observed where 

2005 GS pigs fed 1980 FP were the most mobile while 1980 GS pigs did not differ between 

FP. Pigs from the 2005 GS and pigs fed the 1980 FP were more (P < 0.01) mobile than 1980 

GS pigs and pigs fed 2005 feeding program, respectively. Changes in genetics over the past 

25 yr have led to increased growth performance, lean growth performance, and improved leg 

structure/mobility. Feeding program changes over the same time period resulted in improved 

growth performance and lean growth performance with decreased mobility. 

 

Introduction 

Over the past 25 yr many changes have occurred in the US swine industry. 

Phenotypic improvements have been shown in USDA data (National Pork Board, 2005) from 
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1980 to 2005 in live weight at slaughter (109.8 to 122 kg), dressing percent (71 to 74.7%), 

and percent retail meat yield (55 to 58%).  

Genetic trends from 1990 to 2000 in Swine Testing and Genetic Evaluation System 

(STAGES) records for the US swine breeds of Yorkshire, Duroc, Hampshire and Landrace 

show across breed improvements of -0.40 d/yr for days to 113.5 kg, 2.35g/d/yr for lean gain, 

-0.40 mm/yr for backfat, and 0.37 cm
2
/yr longissimus dorsi muscle area (Chen et al., 2002). 

Comparable improvements in growth, muscling and leanness were reported for the Canadian 

Swine industry during parts of the same time period (Hudson and Kennedy, 1985; Sullivan 

and Dean, 1994; Kennedy et al., 1996). 

Major changes in feeding programs over the past 25 yr have greatly affected growth 

performance and lean growth performance. Pelleting diets increases ADG, reduces ADFI, 

and improves feed efficiency (Baird, 1973; Skoch et al., 1983; Wondra et al., 1995). 

Inclusion of antibiotics in swine diets improves growth and efficiency in pigs (Cromwell and 

Dawson, 1992; Cromwell et al., 1996; Kendall et al., 2000). Adding dietary fat improves feed 

efficiency (Cline, 1990; Williams et al., 1994; De la Llata et al., 2001). Increasing percent 

protein in pig diets increases feed efficiency, loin muscle area, and reduces backfat (Hale and 

Southwell, 1967; Davey and Morgan, 1969; McConnell et al., 1971; Goerl et al.; 1995). 

Perhaps a more important measure of protein is the level of lysine, the first limiting amino 

acid in cereal grains. Increasing lysine in pig diets has been reported to improve pig growth 

performance while increasing muscling (Vipperman et al., 1963; Stahly et al., 1988; Friesen 

et al., 1994; Robison et al., 2000). Witte et al. (2000) noted reduced amounts of lysine in the 

diet decreased G:F. All of these changes in feeding programs have been shown to impact 

growth performance, leanness or muscling to some extent.  
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Studies conducted in the poultry industry evaluated contributions of genetic and 

nutritional changes to improvements observed in growth performance and carcass 

composition (Havenstein et al., 1994ab and 2003ab). They concluded that genetic, 

nutritional, and other management changes over the last 44 yr have reduced the time by two-

thirds and feed intake by threefold required to produce a 1,815-g broiler. These authors 

concluded that 85 to 90% of the improvement in broiler growth rate and carcass composition 

over the past 45 yr was attributable to genetic improvements while 10 to 15% was due to 

changes in feeding programs. The authors also reported differences in leg problems observed 

in the 1991 study. A genetic strain x diet interaction was observed, where birds from the 

1991 strain fed the 1991 diet had the greatest incidence of leg problems; these birds were also 

the fastest growing (Havenstein et al., 1994a).  

The U.S. swine industry’s shift to confinement style slatted and hard-surfaced 

flooring has led to an increased need to emphasize feet and leg structure (Bereskin, 1979a). 

Selection for structural correctness is typically done in two ways, direct selection where 

animals that are deemed unsound are not selected and indirect selection where animals whose 

soundness reduces longevity will have less influence in the herd. Heritabilities and genetic 

correlations) indicate selection for ADG is favorable (Bereskin,1979b;  NPPC, 1995) or  does 

not affect structural correctness (Webb et al., 1983; Rothschild et al., 1988). Selection for BF, 

LMA or Days to 113 kg has no affect or reduces structural correctness.  

No studies were found involving the previously discussed differences in feeding 

program and their effect on leg structure.  
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This study was designed to estimate the effects of changes in genetics and feeding 

programs over the past 25 yr on growth performance, lean growth performance and leg 

structure/mobility in the US swine industry. 

  

Material and Methods 

Genetic Samples 

A control population for a genetic selection study of commercially available white 

line animals was formed in 1979 at the University of Nebraska, Lincoln (Neal et al., 1989) 

and has been maintained at North Carolina State University since 1989 (Holl and Robison, 

2003). Fifteen first parity females from this unselected population were mated using frozen 

semen from Hampshire and Duroc boars commercially available in 1979 and 1980, 

producing twelve litters (7 Duroc sired and 5 Hampshire sired). Semen from International 

Boar Semen (Eldora, IA) and Swine Genetics International, LTD (Cambridge, IA) 

representing three Duroc and three Hampshire sires was used. The 2005 genetic sample (GS) 

was comprised of commercial pigs sired by Duroc boars mated to F1 Large white x Landrace 

females, obtained from a North Carolina swine production company. Three farrowing groups 

contained pigs of similar age from both the 1980 and 2005 GS. Pigs (n = 162) from 

farrowing groups one and two were used in the evaluations of growth performance and lean 

growth performance. Pigs (n = 185) from farrowing groups one, two, and three were used for 

the evaluation of leg structure. 

Feeding Programs 

Assessment of the nutritional contribution to changes in pig growth performance, lean 

growth performance, and leg structure, was accomplished by placing one-half of the pigs 
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from each genetic sample on one of two feeding programs (FP) representative of those used 

in 1980 vs. industry feeding practices common in 2005. All diets within FP were corn-

soybean meal based. Table 1 and 2 describe the major differences in FP. Differences between 

the 1980 vs. 2005 FP, included nutrient content, meal diets vs. pelleted diets, simple vs. 

phased feeding program, no-antibiotics vs. antibiotics, no added dietary fat vs. added dietary 

fat, and no synthetic amino acids vs. synthetic amino acids. The 1980 FP (Table 1) consisted 

of four meal diets based on formulations from the 1978 Pork Industry Handbook as reported 

in Krider et al. (1982). The 2005 FP included seven phases and was based on current diet 

formulation used by North Carolina producers (Table 2) (Hansen and Kendall, personal 

communication).  

Management and Experimental Procedures 

A 2 x 2 x 2 factorial design was used to compare genetic samples of barrows (n = 86) 

and gilts (n = 99) representative of 1980 and 2005 commercial industries when fed feeding 

programs representative of 1980 and 2005. Pigs from 1980 GS were farrowed at the North 

Carolina Swine Evaluation Station (Clayton, NC) and weaned at approximately 21 d of age. 

Pigs from the 2005 GS were delivered to North Carolina Swine Evaluation Station (Clayton, 

NC) at weaning, approximately 21 d of age. Pigs within GS, sex and farrowing group were 

randomly assigned to pens (3 pigs per pen) at 21 d of age. Pigs were given a one wk 

acclimation period before being randomly assigned to a feeding program at 7 ± 0.4 kg BW. 

Pigs with the three farrowing groups were comprised of pigs born within approximately one 

wk and were placed on test approximately two wk apart. Pen distribution for pigs used to 

measure growth performance and lean growth performance (farrowing groups 1, 2) is 

described in Table 3. Due to problems with limited number of sows, conception rate, and 
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mortality, pens within 1980 GS were not evenly distributed among sex. Two gilts and one 

barrow from group 2 were removed before the trial along with one gilt from group 1 and one 

barrow from group 3 that were removed with two wk after the trial began due to illnesses. No 

illness or mortality was observed after wk two. Pigs were housed on solid concrete floors 

with 1.86 m
2
 per pig and provided ad libitum access to feed and water. All animal procedures 

were approved by the Institutional Animal Care and Use Committee of North Carolina State 

University. 

Pigs were weighed when placed on test, every two weeks throughout the study, and 

when taken off test. Feeding programs were provided according to a budget (Tables 1 and 2) 

and feed allotments were weighed daily to determine ADG, ADFI, and G:F. Average daily 

gain, ADFI, and G:F were calculated for on-test (7 ± 0.4 kg) to nursery (OTN) (26.9 ± 0.7 

kg), nursery to slaughter (NS), and on-test to slaughter (OTS). Fat depth (BF) and 

longissimus dorsi muscle area (LMA) were measured using real-time ultrasound (Aloka 500; 

Corometrics Medical Systems, Wallingford, CT) beginning at week eight (Group 1) or ten 

(Group 2) and measured every four weeks thereafter resulting in three measurements. 

Ultrasound LMA and BF were adjusted to 45 kg, 70 kg, and 95 kg. Lean gain was calculated 

using pounds of percent fat-free lean (NPPC, 2000) gain over the testing periods which was 

then converted to grams. Test periods for lean ADG (LADG), ADFI, and lean G:F (LG:F) 

were on-test to slaughter (OTS) and first real-time ultrasound to slaughter (FSS). 

Pigs were slaughtered by pen on a weekly basis when average BW of pigs in a pen 

exceeded 116 kg. Carcass data was collected at a commercial abattoir (Bailey Foods, Bailey, 

NC). 
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Leg structure/mobility was scored by three experienced swine structure evaluators 

utilizing a scoring system based on the Pocket Guide for the Evaluation of Structural, Feet, 

Leg and Reproductive Soundness in Replacement Gilts (Stalder et al., 2005). Pen distribution 

for pigs used in leg structure/mobility evaluation (farrowing groups 1, 2, 3) is described in 

Table 4. Front and rear leg side views were scored on a 1 to 5 scale; 1 = excessive set to the 

joints, 3 = ideal and 5 = extreme straightness in the joints. Front and rear views of structure 

were scored from 1 to 3; 1= toes out, 2 = ideal, and 3 = toes in. Mobility scores were from 1 

to 5; 1 = severely impaired due to injury, 3 = ideal, and 5 = severely impaired due to structure 

(Appendix Figures 1 – 3). 

Statistical Analysis. Statistical analysis of growth performance, lean growth 

performance, BF, and LMA data was performed using the GLM procedure of SAS (SAS 

Inst., Inc, Cary, NC). Genetic sample (GS), feeding program (FP), sex, farrowing group, and 

interactions among GS, FP, and sex were used in the model to examine their effect on growth 

performance, real-time ultrasound (RTU) BF, and LMA and lean growth performance. 

Genetic sample x sex, FP x sex, and GS x FP x sex interactions were removed at (P > 0.05). 

Least square mean differences for RTU BF and LMA were analyzed using BW as a covariate 

to adjust RTU BF and LMA to the mean BW of all pigs. Pen was used as the experimental 

unit. Significance was declared at P < 0.05.  

Statistical analysis of the leg structure and mobility data was performed using the 

GLM procedure of SAS (SAS Inst., Inc, Cary, NC). Genetic sample, FP, sex, farrowing 

group, evaluator, and interactions among GS, FP, and sex were used in the model to examine 

their effect on the five traits evaluating pig leg structure/mobility. Genetic sample x sex, FP x 
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sex and GS x FP x sex interactions were removed at P > 0.05. Pig was used as the 

experimental unit for leg structure/mobility traits as evaluators scored individual pigs. 

 

Results and Discussion 

Growth Performance 

Least squares means for growth performance and P-values for GS and FP are shown 

in Table 5. Genetic sample x FP interactions (P < 0.05) were observed for ADG NS and OTS 

where 1980 vs. 2005 GS pigs gained 7.0 vs. 12.6% more during NS and 6.3 vs. 12.3% more 

during OTS when fed 1980 vs. 2005 FP. These interactions of magnitude suggest the 1980 

FP does not meet either 1980 or 2005 GS pigs nutrient requirements; however, it more 

closely meets the requirements of 1980 GS pigs. This led to a greater increased in 2005 GS 

pigs fed 1980 vs. 2005 FP.    

Genetic Sample Differences. No difference in GS for ADG (OTN) was observed; 

however, 2005 GS pigs gained more (P < 0.01) per day NS and OTS than 1980 GS pigs. 

Consequently, the faster growing 2005 GS pigs reached the 116 kg slaughter weight sooner 

(P < 0.01) than 1980 GS pigs. During OTN 2005 GS pigs consumed less (P < 0.01) feed per 

day but did not differ from 1980 GS pigs in ADFI for OTN or OTS. These differences in 

ADG and ADFI led to higher (P < 0.01) G:F for 2005 GS sample pigs during OTN, NS, and 

OTS. The observed increase in ADG due to genetics is in agreement with genetic trends for 

growth in the U.S. (Chen et al., 2002) and Canadian (Hudson and Kennedy, 1985; Sullivan 

and Dean, 1994; Kennedy et al., 1996) swine industries. No genetic trends were reported for 

ADIF or feed efficiency; however, genetic correlations between feed efficiency and ADG 

reported in Stewart and Schinckel (1989) and Mrode and Kennedy (1993) when considered 
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with reported genetic trends, agree with our findings of increased ADG and feed efficiency. 

Our results for ADFI were not in agreement with expected changes due to the genetic 

correlation reported between ADFI and ADG indicating increased genetic trends for ADG 

should result in increased ADFI.  

Feeding Program Differences. Pigs fed 2005 FP gained more (P< 0.01) per day 

during OTN, NS, and OTS than pigs feed 1980 FP. Pigs fed 2005 feeding program took 

fewer (P < 0.01) days to reach slaughter wt. Increase in ADG coupled with no change in 

ADFI during OTN or reduced ADFI NS and OTS resulted in improved G:F during OTN, NS, 

and OTS for pig fed 2005 vs. 1980 FP. These findings are consistent with many of the effects 

of changes in FP on growth performance. In the literature, pelleting diets (Baird , 1973; 

Wondra et al., 1995) and five percent added dietary fat (Cline, 1990) appear to have the 

greatest impact on reduced ADFI. Reduction in ADFI with no change or greater ADG 

improves feed efficiency. Baird (1973) reported increased ADG due to pelleting. A study 

comparable to ours added five percent choice white grease during finishing and reported 

similar improvements in F:G (Williams et al., 1994). Pelleting of diets is believed to reduce 

ADFI due to reduced feed wastage (Wondra et al., 1995), while adding fat to pig diets allows 

pigs to eat less and still increase or maintain the metabolizable energy consumed (Pettigrew 

and Moser, 1991; Hazzledine and Whittemore, 2006). The improvement in ADG and G:F 

could also be attributable to dietary antibiotics, increased protein, or increased lysine content 

of the feed. Cromwell and Dawson (1992) reported ADG (4%) and F:G (2%) improved from 

nursery through slaughter with dietary antibiotics. Cromwell et al. (1996) reported similar 

findings during the grow-finish phase for 576 crossbred market pigs. Hale and Southwell 

(1967) increased protein four percent in a two diet feeding program for 60 Duroc and 
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Hampshire pigs and found no change in ADG but improved feed efficiency. Robison et al. 

(2000) increased lysine in all four phases of a feeding program fed to 6 different genetic lines 

increased ADG. Feeding reduced levels of lysine, 6.4 g/kg vs. 4.8 g/kg, to hybrid gilts from 

90 to 126 kg BW did not affect ADG or ADFI but reduced G:F (Witte et al., 2000).   

Sex Differences. Sex differences are presented in Appendix Table 1. No GS x sex, FP 

x sex or GS x FP x sex interactions were significant. Barrows gained more per day than gilts 

for OTN (514 vs. 482 g/d; P < 0.05), NS (974 vs. 892 g/d; P < 0.01), and OTS (837 vs. 775 

g/d; P < 0.01). Gilts ate less per day than barrows for NS (2383 vs. 2677 g/d; P < 0.01) and 

OTS (1946 vs. 2146 g/d; P < 0.01) but did not differ for ADFI during OTN. Increased ADG 

and ADFI in barrows is in agreement with Bereskin et al. (1975, 1976) and Quijandria et al. 

(1970). There was no difference between barrows and gilts for G:F during OTN. However, 

the difference in ADFI was greater than the difference in ADG during NS and OTS; 

subsequently, gilts had greater G:F for NS (0.377 vs. 0.365; P < 0.01) and OTS (0.401 vs. 

0.392; P = 0.05). Our result that gilts were more efficient over the entire test period is in 

agreement with Bruner and Swiger (1968) and Bereskin et al. (1976) but not with Quijandria 

et al. (1970), Bereskin et al. (1975), and Siers (1975) where no differences in G:F were 

found. Barrows reached the 116 kg slaughter weight sooner (163.4 vs. 172.4 d; P < 0.01) and 

weighed more (119.7 vs. 118.2 kg; P < 0.05) than gilts at slaughter. Barrows reaching 

slaughter at a younger age is expected due to their advantage in ADG. This advantage is also 

the reason barrows were heavier at slaughter. Pens were removed from test on a weekly basis 

which in turn allowed pens of barrows to surpass the slaughter threshold of 116 kg BW by 

more than gilts.   
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Real-time Ultrasound Backfat and Longissimus dorsi Muscle Area 

Least squares means for real-time ultrasound (RTU) BF and LMA and P-values for 

GS and FP are shown in Table 6. There was no GS x FP interaction for any of the RTU BF or 

LMA measurements.  

Genetic Sample Differences. Pigs from 2005 GS had larger (P < 0.01) LMA RTU at 

70 and 95 kg BW and less BF RTU at all weights than 1980 GS pigs. This is consistent with 

genetic trends in the U.S. and Canadian swine industries for LMA and BF (Hudson and 

Kennedy, 1985; Sullivan and Dean, 1994; Kennedy et al., 1996; Chen et al., 2002).  

Pigs fed 2005 FP had larger (P < 0.01) LMA RTU but did not differ in BF RTU for 

any weights. In the literature, the FP differences which predominantly affect BF and LMA 

are increased protein level and more specifically increases in lysine level. Increased LMA is 

in agreement with McConnell et al. (1971), Robison et al. (2000), and Witte et al. (2000). A 

lack of reduction in BF due to increased protein/lysine is consistent with Vipperman et al. 

(1963) and Bereskin and Davey (1978) but does not agree with Hale and Southwell, (1967), 

Goerl et al. (1995), and Robison et al. (2000), who reported that lower percent protein or 

lysine resulted in increased BF.  

Sex Differences. There were no significant GS x sex, FP x sex or GS x FP x sex 

interactions (Appendix Table 2). Gilts had less (2.07 vs. 2.33 cm; P < 0.01) BF RTU at 95 kg 

BW and tended to have less (1.09 vs. 1.16 cm; P = 0.08) BF RTU at 45 kg and (1.59 vs. 1.70 

cm; P = 0.06) 70 kg BW than barrows. No difference was observed in LMA RTU at 45 kg 

BW; however, gilts had larger LMA for RTU at 70 kg and 95 kg BW (28.94 vs. 27.33 cm
2
; P 

< 0.01 and 38.11 vs. 35.71 cm
2
; P < 0.01). The difference in RTU BF and LMA between 

gilts and barrows became greater as pigs approached slaughter wt. This is in agreement with 
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carcass measures for BF and LMA as reported by Bruner and Swiger (1968), Quijandria et 

al. (1970), Siers (1975) and Bereskin and Davey (1978). They indicated gilts have less BF 

and larger LMA than barrows at slaughter.  

Lean Growth Performance 

Least squares means for lean gain OTS and FSS and P-values for GS and FP are 

presented in Table 7. A GS x FP interaction (P < 0.01) for LADG during OTS was observed 

where 1980 GS pigs showed a 7.0% and 2005 GS pigs showed a 17.0% increase in LADG 

when fed 1980 vs. 2005 FP. The cause of this interaction is believed to be the same as that 

described for the ADG interactions. The 2005 GS pigs have greater potential for growth and 

muscle than the 1980 GS. The 2005 FP more closely meets the nutrient requirements of pigs, 

particularly the 2005 GS pigs. This is in agreement with a review by Baker and Speer (1983) 

of 25 yr of studies involving amount of protein in swine diets where pigs with a greater 

genetic potential for lean growth had greater response in lean gain when fed higher amounts 

of protein. 

Genetic Sample Differences. Pigs from 2005 GS had higher (P < 0.01) LADG, did 

not differ in ADFI, and as a result had higher (P < 0.01) LG:F during OTS and FSS than 

1980 GS pigs. The improvement in lean growth and efficiency agrees with our findings for 

ADG, G:F, LMA, and BF. These results also are consistent with the genetic trends in the U.S 

and Canadian swine industries for growth, muscling and leanness and genetic correlations 

among traits previously discussed. Chen et al. (2002) reported yearly genetic improvement in 

the Yorkshire, Duroc, Landrace and Hampshire breeds for lean gain during part of the 1980 

to 2005 time period that is consistent with our findings.   
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Feeding Program Differences. Pigs fed 2005 FP had higher (P < 0.01) LADG OTS 

but did not differ from pigs fed 1980 FP in lean gain per day (FSS). Feeding the 2005 FP 

caused pigs to consume less (P < 0.01) feed per day (OTS and FSS) and consequently 

increased (P < 0.01) LG:F (OTS and FSS). The increased lean efficiency was the result of 

pigs gaining more per day, consuming less feed per day, and being heavier muscled; even 

without a reduction in BF. Again these improvements are in agreement with the literature 

previously discussed for increased growth, reduced feed intake, increased muscling and 

varying effects on fatness. 

Sex Differences. No GS x sex, FP x sex or GS x FP x sex interactions were 

significant (Appendix Table 3). Barrows and gilts did not differ in LADG OTS or FSS. The 

larger LMA and lower BF in gilts were off-set by the higher ADG in barrows and as result 

there was no difference in LADG. Similar to results and other studies previously discussed, 

gilts consumed less feed on a daily basis for OTS (1946 vs. 2146 g/d; P < 0.01) and FSS 

(2554 vs. 2921 g/d; P < 0.01) than barrows. No difference in LADG combined with gilts 

lower ADFI led to higher LG:F for gilts during OTS (137 vs. 124; P < 0.01) and FSS ( 113 

vs. 98; P < 0.01). Cromwell et al. (1993) reported comparable differences in barrows vs. 

gilts. They found barrows gained faster but also consumed more feed per day, had smaller 

LMA and more BF than gilts. These factors contributed to gilts that were more efficient but 

no gender differences for LADG.    

Leg Structure/Mobility 

Least squares means for leg structure/mobility and P-values for GS and FP are shown 

in Table 8. Pigs from the 1980 GS were straighter (P < 0.01) in their front leg and rear leg 

joints than pigs from the 2005 GS. Genetic samples did not differ in front leg front view or 
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rear leg rear view. Pigs fed different FP did not differ for front leg views or rear leg views. 

Based on a GS x FP interaction (P < 0.01) pigs from the 2005 GS fed the 1980 FP were the 

most mobile. Pigs from the 2005 GS were more (P < 0.01) mobile than 1980 GS pigs and 

pigs fed the 1980 FP were more (P < 0.05) mobile than pigs fed the 2005 FP.  

No genetic trends for leg structure or mobility were reported for this time period; 

however, genetic improvement in leg structure/mobility and ADG found in this study is 

consistent with the favorable genetic correlations reported in Bereskin (1979b) and NPPC 

(1995) between ADG and structural correctness. However, Woltmann et al. (1995) found no 

effect for selection for ADG on front leg soundness. Bereskin (1979b) and NPPC (1995) also 

reported unfavorable genetic correlations between structural correctness and LMA and BF. 

Webb et al. (1983) and Rothschild et al. (1988) also reported unfavorable correlations 

between BF and front leg soundness. These are not in agreement with our findings of 

increased LMA and reduced BF with improved structural correctness for the 2005 GS 

compared to the 1980 GS. Conversely, Webb et al. (1983) did report favorable genetic 

correlations between front leg soundness and LMA.  

No other studies were found which compared differences in the two FP in this study 

and their effect on structural correctness. However, the reduction in mobility due to the 2005 

FP could be a result of those pigs being heavier muscled and consequently somewhat 

impeded in their movement.  
 
 

Sex Differences. A GS x sex interaction (P < 0.01) was observed where gilts from the 

1980 GS were the straightest in their front leg joints (Appendix Table 4). Gilts tended to be 

straighter (3.32 vs. 3.18; P = 0.07) in their front leg joints than barrows. Woltmann et al. 

(1995) and Rothschild et al. (1988) indicated gilts are more correct than boars in their front 
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leg structure. Realizing our study involved barrow vs. gilts rather than boars vs. gilts, our 

findings are not in agreement with theirs. A FP x sex interaction (P < 0.01) indicated barrows 

fed the 1980 FP were more in at their hocks than pigs fed the 2005 FP. Gender did not affect 

front leg front view, rear leg side view, rear leg rear view or overall mobility.  

Changes in genetics and nutrition from 1980 to 2005 have been both positive and 

negative for the U.S. swine industry. However, these changes have been mostly favorable for 

growth performance, lean growth performance and structure. The observed 15% reduction in 

days to slaughter and 45% increase in lean efficiency are almost equally attributable to both 

genetics and nutrition. A 30% increase in G:F is approximately two-thirds the result of 

feeding program changes. Reduction in real-time ultrasound BF is near fully attributable to 

genetic improvement, while increased LMA appears to have equal response from genetic and 

feeding program improvements. Overall improvement in leg structure was due to genetic 

changes despite minor negative effects from feeding program.  

The information from this study could provide the pork industry with a greater 

understanding of industry changes from 1980 to 2005. Specifically, which phenotypic 

changes are attributable to genetics, nutrition or both. It provides documentation that can be 

used with general public and regulatory groups on positive developments that have occurred. 

In addition, the results of this study may provide the industry with knowledge of how far it 

has come and areas for potential future studies.     
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Table 1. Ingredients and nutrient composition of the 1980 feeding program  

 Prestarter Starter Grower Finisher 

Corn  52.70 71.55 79.25 83.90 

Soybean meal (48) 24.30 52.20 17.90 13.25 

Whey 20.00 0 0 0 

Dicalcium phosphate 1.50 1.75 1.35 1.25 

Limestone 0.75 0.75 0.75 0.85 

Salt 0.50 0.50 0.50 0.50 

Vitamin-minerals premix
1
 0.25 0.25 0.25 0.25 

Total  100.00 100.00 100.00 100.00 

Calculated analysis 

Crude Protein, % 18.3 17.9 15.0 13.3 

Metabolizable Energy, kcal/kg 3262 3299 3315 3317 

Calcium, % 0.87 0.78 0.67 0.67 

Phosphorus, % 0.74 0.70 0.60 0.56 

Lysine, % 1.05 0.95 0.75 0.62 

Amount budgeted per pig, kg 11.3 15.9 90.7 to market 
1 

Vitamin and mineral premix supplied the following per kg of complete diet - 5,540 IU of 

vitamin A as retinyl acetate, 1,108 IU of vitamin D3, 22 IU of vitamin E as dl-x-tocopherol 

acetate, 1.98 mg of vitamin K as menadione dimethylpyrimidinol bisulfite, 165 mg of choline 

as choline chloride, 22 mg of niacin as niacinamide, 17.6 mg of d-pantothenic acid as dl-

calcium pantothenate, 4.4 mg of riboflavin, 1.1 mg of pyridoxine as pyridoxine·HCl, 0.55 mg 

thiamine as thiamine mononitrate, 0.022 mg of vitamin B12 , 0.33 mg of folic acid, 0.04 mg 

of d-biotin, 110 mg Zn as ZnSO4 , 110 mg Fe as FeSO4 , 22 mg Cu as CuSO4 , 55 mg Mn as 

MnO, 0.28 mg I as ethylenediamine dihydriodide, and 0.30 mg Se as NaSeO3 
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Table 2. Ingredients and nutrient composition of the 2005 feeding program ingredient 

 Prestarter Starter  

1 

Starter  

2 

Grower  

1 

Grower  

2 

Finisher 1 Finisher 

2 

Corn 42.07 48.80 47.79 64.24 66.86 72.25 79.30 

Soybean meal (48% CP) 22.12 26.46 34.36 26.15 23.85 18.75 12.20 

Dried whey 7.50 4.20 0 0 0 0 0 

Prestarter vitamin-mineral 

premix
1
 

6.50 0 0 0 0 0 0 

Lactose 5.07 1.20 0 0 0 0 0 

Ground wheat 5.00 0 0 0 0 0 0 

Menhaden fishmeal  4.20 3.00 0 0 0 0 0 

Lard 2.84 3.73 4.67 6.95 6.97 6.97 6.67 

Oat groats  2.50 0 0 0 0 0 0 

Monocalcium phosphate 1.00 0.92 0.94 1.00 0.67 0.49 0.42 

Limestone 0.58 0.89 1.05 0.62 0.69 0.70 0.66 

Salt 0.30 0.24 0.38 0.27 0.31 0.34 0.34 

Zinc oxide 0.32 0 0 0 0 0 0 

Wheat midds 0 7.50 10 0 0 0 0 

Nursery vitamin-mineral premix
2
  0 3.00 0 0 0 0 0 

Selenium premix (0.06% Se) 0 0.05 0.05 0.05 0.05 0.05 0.05 

Pregrower vitamin-mineral 

premix
3
 

0 0 0.50 0 0 0 0 

Lysine HCL (78.8% Lysine) 0 0 0.17 0.34 0.30 0.24 0.19 

Copper sulfate 0 0 0.09 0 0 0 0 

DL. Methionine 0 0 0.01 0.13 0.10 0.03 0 

Vitamin-mineral premix
4
 0 0 0 0.12 0.10 0.10 0.10 

L-threonine (98.5) 0 0 0 0.09 0.07 0.06 0.03 

Ronozyme
5
 0 0 0 0.02 0.02 0.02 0.02 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Calculated analysis 

Crude Protein, % 22.6 22.3 22.1 17.9 16.9 14.7 12.0 

Metabolizable Energy, kcal/kg 3428 3405 3438 3630 3643 3655 3651 

Calcium, % 0.84 0.79 0.72 0.52 0.48 0.43 0.39 

Phosphorus, % 0.72 0.68 0.64 0.55 0.47 0.41 0.37 

Lysine, % 1.51 1.43 1.36 1.22 1.13 0.94 0.73 

Antibiotics 

Chlortetracyline, g/t 440.92 440.92 440.92 440.92 - - - 

Tiamulin, g/t 38.58 38.58 38.58 - - - - 

Tylosin, g/t - - - - 22.05 - - 

Virginiamycin , g/t - - - - - 11.03 5.51 

Amount budgeted per pig, kg 4.54 9.07 13.61 18.1 45.4 56.7 to market 
1 
2 
3 
4 
5 
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Table 3. Pen distribution and number of pigs per treatment for growth performance and lean 

growth performance 

 1980 

Genetic sample 

2005 

Genetic sample 

Feeding program Barrows Gilts Barrows Gilts 

1980 6 (18) 7 (21) 7 (21) 7 (21) 

2005 5 (15) 8 (24) 7 (21) 7 (21) 

 

 

Table 4. Pen distribution and number of pigs per treatment for leg structure/mobility 

evaluation 

 1980 

Genetic sample 

2005 

Genetic sample 

Feeding program Barrows Gilts Barrows Gilts 

1980 7 (21) 8 (24) 8 (24) 8 (24) 

2005 6 (18) 9 (27) 8 (24) 9 (27) 

 

 

Table 5. Effect of genetic sample and feeding program on growth performance 

 Genetic Sample  

 1980 2005 P-value
1
 

 Feeding program 

Trait 1980 2005 1980 2005 GS*FP 

Genetic 

sample 

Feeding 

program 

On-test to nursery 

ADG, g 480 534 435 544 0.10 0.29 <0.01 

ADFI, g 936 888 811 830 0.29 <0.01 0.65 

G:F 0.52 0.60 0.54 0.66 0.15 <0.01 <0.01 

Nursery to slaughter 

ADG, g 853
a
 912

b
 926

b
 1042

c
 0.05 <0.01 <0.01 

ADFI, g 2682 2388 2590 2461 0.09 0.85 <0.01 

G:F 0.32 0.38 0.36 0.42 0.98 <0.01 <0.01 

On-test to slaughter 

ADG, g 751
a
 799

b
 788

b
 885

c
 0.05 <0.01 <0.01 

ADFI, g 2208 1936 2091 1947 0.08 0.13 <0.01 

G:F 0.34 0.41 0.38 0.46 0.60 <0.01 <0.01 

Slaughter 

Slaughter age, d 177.6 169.2 170.1 154.6 0.08 <0.01 <0.01 

Slaughter wt, g 118.4 118.9 119.2 119.3 0.75 0.39 0.63 
a-c 

Least squares means with no common superscript differ (P < 0.05) 
1
 P-values from final model; GS + FP + sex + farrowing group + GS*FP 
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Table 6. Effect of genetic sample and feeding program on real-time ultrasound backfat and 

longissimus dorsi muscle area taken at the 10
th

 rib 

 Genetic sample  

 1980 2005 P-value
1
 

 Feeding program 

Trait
2
 1980 2005 1980 2005 GS*FP 

Genetic 

sample 

Feeding 

program 

BF at 45 kg BW, cm 1.18 1.28 1.00 1.03 0.39 <0.01 0.10 

LMA at 45 kg BW, cm
2
 17.99 19.45 18.20 20.38 0.42 0.20 <0.01 

BF at 70 kg BW, cm 1.79 1.81 1.45 1.51 0.78 <0.01 0.43 

LMA at 70 kg BW, cm
2
 26.20 28.28 27.29 30.76 0.13 <0.01 <0.01 

BF at 95 kg BW, cm 2.34 2.50 1.93 2.03 0.70 <0.01 0.10 

LMA at 95 kg BW, cm
2
 34.29 36.39 36.69 40.27 0.21 <0.01 <0.01 

1
 P-values from final model; GS + FP + sex + farrowing group + GS*FP 

2
 BF = backfat depth; LMA = longissimus dorsi area  

 

Table 7. Effect of genetic sample and feeding program on lean growth performance 

 Genetic sample   

 1980 2005 P-value
1
 

 Feeding program 

Trait 1980 2005 1980 2005 GS*FP 

Genetic 

sample 

Feeding 

program 

Lean gain, on-test to slaughter 

Lean ADG, g 233
a
 250

b
 266

c
 311

d
 <0.01 <0.01 <0.01 

ADFI, g 2208 1939 2091 1947 0.08 0.13 <0.01 

Lean G:F 0.11 0.13 0.13 0.16 0.07 <0.01 <0.01 

Lean gain, first scan to slaughter 

Lean ADG, g 248 250 313 334 0.21 <0.01 0.14 

ADFI, g 2883 2546 2833 2689 0.09 0.40 <0.01 

Lean G:F 0.09 0.10 0.11 0.13 0.84 <0.01 <0.01 
a-d 

Least squares means with no common superscript differ (P < 0.05) 
1
 P-values from final model; GS + FP + sex + farrowing group + GS*FP 
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Table 8. Effect of genetic sample and feeding program on structural correctness 

 Genetic sample  

 1980 2005 P-value1 

 Feeding program 

Trait 1980 2005 1980 2005 GS*FP 

Genetic 

sample 

Feeding 

program 

Front front24  1.85 1.86 1.90 1.82 0.24 0.88 0.34 

Front side345 3.27 3.45 3.13 3.16 0.33 <0.01 0.19 

Rear side34 1.36 1.44 1.42 1.42 0.26 0.64 0.31 

Rear rear346 3.53 3.40 3.27 3.35 0.11 <0.01 0.80 

Mobility34 3.73
a
 3.68

ab
 3.35

c
 3.56

b
 <0.01 <0.01 0.05 

a-c 
Least squares means with no common superscript differ (P < 0.05) 

1
 P-values from final model 

2
 1 to 5 scale; 1 = excessive set to the joints, 3 = ideal and 5 = extreme straightness in the joints  

3
 1 to 3 scale; 1= toes out, 2 = ideal, and 3 = toes in 

4
 Final model: GS + FP + sex + farrowing group+ evaluator + GS*FP 

5
 Final model: GS + FP + sex + farrowing group+ evaluator + GS*FP + GS*sex 

6
 Final model: GS + FP + sex + farrowing group+ evaluator + GS*FP + FP*sex 
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CHAPTER 3 

 

DIFFERENCES IN CARCASS COMPOSITION AND FATTY ACID PROFILES OF 

COMMERCIAL PIGS REPRESENTATIVE OF 1980 AND 2005 GENETIC TYPES 

WHEN REARED ON 1980 AND 2005 REPRESENTATIVE FEEDING PROGRAMS 
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ABSTRACT 

The objective of this study was to assess changes over 25 yr in pig carcass 

composition and fatty acid composition. Pigs (n = 162) representative of the current 

commercial industry (2005) were compared to pigs representative of the commercial industry 

25 yr ago (1980). The sample of 2005 genetic type pigs was obtained from a North Carolina 

commercial producer. The 1980 genetic sample was produced from dams selected to 

minimize genetic improvement since 1979 and frozen semen from boars commercially 

available in 1980. Pigs within sex, farrowing group, and genetic sample (GS) were randomly 

assigned to a feeding program (FP) and placed 3 per pen (n = 54 pens). The 2005 FP was a 

seven phase pelleted FP (lysine from 1.51 to 0.73% and ME from 3428 to 3651 kcal/kg) with 

added antibiotics, synthetic amino acids and added dietary fat. The 1980 FP consisted of four 

meal diets (lysine from 1.05 to 0.62% and ME from 3262 to 3317 kcal/kg) based on 

formulations from the 1980 Pork Industry Handbook which included no antibiotics, synthetic 

amino acids or added dietary fat. Pigs were slaughtered on a weekly basis when average BW 

of pigs in a pen exceeded 116 kg. Hot carcass weight, dressing percent, belly length, belly 

firmness (measured by the stick test), belly thickness (shoulder end, loin edge, ham end, teat 

edge), longississmus muscle area (LMA), and backfat (BF) thickness (1
st
 rib, 10

th
 rib, last rib, 

last lumbar) were recorded for all carcasses. Bellies from pigs fed 2005 FP were thicker (P < 

0.01) on the loin edge than bellies from pigs fed 1980 FP. Pigs fed 1980 FP had firmer bellies 

(20.29 vs. 30.73 cm; P < 0.01) as measured by the stick test than pigs fed 2005 FP. Bellies 

from 2005 GS pigs were firmer (23.72 vs. 27.31 cm; P < 0.05) than 1980 GS pigs. A GS x 

FP interaction (P < 0.05) was observed for LMA where 2005 and 1980 GS pigs had larger 

LMA when fed 2005 FP (49.73a, 40.15b cm
2
) vs. 1980 FP (42.82c, 36.93d cm

2
). Pigs from 
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2005 GS were leaner at first rib (P < 0.05), 10th rib (P < 0.01), and last lumbar (P < 0.01) 

than pigs from 1980 GS. Pigs fed 1980 FP had less BF depth at first rib (P < 0.01) and last 

rib (P < 0.05) than pigs fed 2005 FP. Pigs fed 1980 FP had longer carcasses (87.0 vs. 85.2 

cm; P < 0.01) than pigs fed 2005 FP. Pigs fed 2005 FP had heavier carcasses (87.7vs. 85.2 

kg; P < 0.01) but did not differ in slaughter wt from pigs fed 1980 FP and thus, had a higher 

dressing percent (73.7vs. 72.7; P < 0.05). Samples of subcutaneous adipose tissue were 

collected from the loin, ham, and belly primals for fatty acid analysis. Pigs from 1980 GS 

had higher SFA:PUFA ratios for subcutaneous adipose tissue taken from the loin (3.16 vs. 

2.65; P < 0.01), and belly (4.02 vs. 3.17; P = 0.01) but did not differ from 2005 GS for ham 

adipose tissue. Similar differences between 1980 vs. 2005 GS were observed for calculated 

iodine value (CIV) in adipose tissue from the loin (63.58 vs. 66.52; P < 0.01) and belly 

(62.54 vs. 64.65; P < 0.01) with no difference in ham adipose tissue. Pigs fed 1980 FP had 

higher SFA:PUFA and lower CIV for loin (3.68 vs. 2.14 and 60.37 vs. 69.74; P < 0.01), belly 

(4.47 vs. 2.73 and 59.39 vs. 67.08; P < 0.01), and ham (3.31 vs. 2.42 and 61.39 vs. 66.41; P < 

0.01) subcutaneous adipose tissue samples than pigs fed 2005 FP. Over the past 25 yr 

genetics have led to improvements in muscling and leanness with reduced belly firmness, 

increased PUFA concentrations and increased CIV for subcutaneous fat taken from the loin 

and belly. Changes in nutrition have improved muscling and dressing percent but have had 

unfavorable effects on carcass length, leanness, belly firmness, SFA:PUFA ratio, and CIV.  

 

Introduction 

Changes in USDA data over the past 25 yr show phenotypic improvements have been 

made. From 1980 to 2005 changes in live weight at slaughter (109.8 to 122 kg), dressing 
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percent (71 to 74.7%), and percent retail meat yield (55 to 58%) have been reported in USDA 

data (National Pork Board, 2005). During this time it has been shown changes in both 

genetics and nutrition have contributed to these improvements. Fix (2007) reported a 45% 

increase in lean efficiency and nearly 15% reduction in days to slaughter which are equally 

attributable to genetics and nutrition.   

Genetic trends during this time period in the U.S. and Canadian swine industries 

show improvements have been made in muscling and leanness (Hudson and Kennedy, 1985; 

Sullivan and Dean, 1994; Kennedy et al., 1996; Chen et al., 2002). Because genetic trends for 

carcass traits other than leanness and muscling are not typically analyzed, it is important to 

look at genetic correlations between carcass traits and traits for which genetic trends have 

been reported. Genetic correlations between carcass length and traits commonly selected for 

are both favorable and unfavorable (Stewart et al., 1989; NPPC, 1995). Stewart et al. (1989) 

also reported selection for reduced backfat results in lower dressing percent.  

  Changes in feeding programs over the past 25 yr, summarized in Fix (2007), have 

varying effects on carcass composition. Both increases in percent protein and lysine improve 

carcass percent lean (Hale and Southwell, 1967; Bereskin and Davey, 1978; Witte et al. 

2000). Carcass length, belly thickness and dressing percent were not affected by changes in 

protein or lysine (Hale and Southwell, 1967; Friesen et al., 1995; Witte et al., 2000). There 

was not a consensus in the literature for changes in protein and lysine and their effect on 

backfat or muscling. Engel et al. (2001) and Baird (1973) reported neither adding dietary fat 

nor pelleting diets affected dressing percent, backfat, carcass length, longissimus dorsi 

muscle area, nor percent lean.  
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Similar studies in poultry indicated no change in carcass fatness of birds at their 

respective market ages, from 1957 to 1991 (Havenstein et al., 1994). In a related study 

evaluating similar traits from 1957 to 2001 the 2001 feeding regimen increased carcass fat, 

but once again the two genetic strains did not differ in carcass fat at their respective slaughter 

weights (Havenstein et al., 2003).  

When evaluating carcass composition it is important to evaluate fat quality and more 

specifically fatty acid composition of pork fat. Soft fat causes inefficiency in pork processing 

facilities due to increases in cutting error and products of lower quality (Morgan et al., 1994). 

Both genetics and dietary factors influence the fatty acid composition; however, dietary 

factors impact composition to a greater extent (De Smet et al., 2004). Selection based on fatty 

acid composition is uncommon; however, individual fatty acid concentrations have been 

shown to be heritable and genetically correlated with performance traits (Piedrafita et al., 

2001; Suzuki et al., 2006). More specifically, pigs selected for leanness have lower 

concentrations of saturated fatty acids in adipose tissue (Scott et al., 1981).  

It is well established dietary factors influence the firmness of pork fat (Ellis and 

Isbell, 1926). The dietary factors previously discussed that have the greatest impact on fatty 

acid composition are added dietary fat, both level and type of fat, and increased crude 

protein. Adding choice white grease at a 5% level or greater decreased saturated fatty acid 

concentration in pork fat (Engel et al., 2001; Rentfrow et al. 2003; Weber et al., 2006). 

Increasing the protein content of swine diets has been shown to decrease the saturated fatty 

acid concentration of pork fat (Teye et al., 2006).  
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This study was designed to estimate the effects of changes in genetics and feeding 

programs over 25 yr on carcass composition and fatty acid composition of pork fat in the US 

swine industry. 

 

Materials and Methods 

Genetic Samples, Feeding Programs and Management 

Pigs representative of 1980 GS were farrowed from females from a control 

population, formed in 1979 at the University of Nebraska, Lincoln (Neal et al., 1989) and has 

been maintained at North Carolina State University since 1989 (Holl and Robison, 2003). 

Semen was made available from International Boar Semen (Eldora, IA) and Swine Genetics 

International, LTD. (Cambridge, IA). The 2005 GS pigs were obtained from a North 

Carolina commercial producer. Feeding programs representing 1980 and 2005 (Fix, 2007) 

were used to assess effects of changes in feeding practices on carcass composition and fatty 

acid composition of subcutaneous adipose tissue. The 1980 FP was based on suggested 

formulations from the 1978 Pork Industry Handbook as reported in Krider et al. (1982). The 

2005 FP was based on current industry practices. Both diets were corn and soybean meal 

based and complete details are outlined in (Fix, 2007). Major differences between 1980 vs. 

2005 FP included diet ingredients and nutrient composition, increased number of phases, 

meal diets vs. pelleted diets, no-antibiotics vs. antibiotics, added dietary fat vs. no added 

dietary fat, and no synthetic amino acids vs. synthetic amino acids. Important dietary aspects 

specific to this portion of the study are summarized in Tables 1 and 2 for 1980 and 2005 FP, 

respectively.   
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Fix (2007) provides complete details of the experimental design and management of 

pigs during the growth portion of the study. However, a brief description follows. A 2 x 2 x 2 

factorial design was used (2 GS, 2 FP, 2 sexes) with 3 pigs per pen (pen = 54) in two 

farrowing groups. Pigs were housed on solid concrete floors with 1.86 m
2
 per pig and 

provided ad libitum access to feed and water. All animal procedures were approved by the 

Institutional Animal Care and Use Committee of North Carolina State University.  

Slaughter Procedures 

Pigs were slaughtered by pen on a weekly basis when average BW of pigs in a pen 

exceeded 116 kg. Slaughter data were collected at a commercial abattoir (Bailey Foods, 

Bailey, NC). 

Carcass collection procedures followed NPPC (2000). At slaughter, initial carcass 

weight, carcass length, and backfat (BF) depth at the 1st rib, last rib, and last lumbar were 

collected. Initial slaughter weight included only removal of hair, blood, viscera, and anus. 

Hot carcass weight (HCW) was calculated based on initial carcass weight minus leaf fat and 

head weight. Dressing percent was calculated by dividing HCW by BW. Carcasses were 

chilled for 24 h. Twenty-four h post-mortem, BF depth and longississmus muscle area 

(LMA) at the 10th rib were measured. Trimmed belly length and thickness (shoulder end, 

belly edge, ham end, and loin edge) were measured. A test for belly firmness (stick test) was 

conducted by laying a belly across a 1.27 cm diameter pipe and measuring the distance 

between the outside edges of the belly. The greater the distance of the stick test, firmer the 

belly. Backfat measures, LMA, carcass length, and belly stick test were adjusted to a carcass 

weight of 85 kg. Belly length was adjusted to a mean adjusted carcass length of 86 cm.      
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Subcutaneous adipose tissue samples were collected from loin, belly, and ham primal 

cuts. Loin adipose tissue was collected from the rib end of the boneless loin. Belly adipose 

tissue was collected from the anterior end of the belly primal. Ham adipose tissue was 

collected from the collar fat of the four cushion region.  Samples were immediately placed in 

air-tight bags and put on ice. Within 5 hours samples were vacuum packaged and stored at -

20°C.  

Fatty Acid Analysis. 

 Skin and muscle tissue were removed from adipose samples. Duplicate adipose 

samples (0.35 to 0.50 grams) were placed in 13 x 100 cm test tubes and heated in a heating 

block at 80°C for one hour. An aliquot of lipid weighing 0.03 ± 0.01 g was used for fatty acid 

compositional analysis. One ml of 0.5 N sodium hydroxide in methanol was added and test 

tubes were heated for 12 min followed by the addition of 1 ml of boron-trifluoride and an 

additional 12 min, of heating. Fatty acid methyl esters (FAME) were partitioned by the 

addition of two ml of saturated sodium chloride followed by two extractions with 2 ml each 

of hexane with the combined extracts dried over anhydrous sodium sulfate prior to drying 

under a nitrogen flush at 40°C. The FAME were re-dissolved in hexane and transferred to 

GC vials for analysis. A Perkin Elmer Model XL Autosystem Gas Chromatograph 

(PerkinElmer Inc., Waltham, MA) equipped with a flame ionized detector (FID) and BPX-70 

capillary column (SGE, Inc., Austin TX) 30 cm in length with 0.25 mm i.d. and 0.25 µm film 

thickness was used to analyze the FAME. Helium was used as the gas carrier at 20 psi. 

Injection volume was 1 µL. The injection was split with a split flow rate of 1 mL/min. Initial 

oven temp was 60°C and increased 10°C per minute to 180°C and then 4°C per minute to 

235°C. Total run time was 27.7 minutes. Compounds were identified using fatty acid methyl 
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ether standards from Matreya, LLC (Pleasant Gap, PA). Response factors were calculated 

based upon the standard with peak areas of sample FAME expressed as a percentage of the 

total peak area of the standard. 

Calculated Iodine Values. Calculated iodine values (CIV) were estimated for FAME 

obtained from loin, belly and ham primal cuts based upon the AOCS Standard Method Cc-

1c-85 (AOCS Methods, 1993) Iodine value = (% hexadecenoic acid x 0.950)
 

+ (% 

octadecenoic acid x 0.860) + (% octadecadienoic acid x
 
1.732) + (% octadecatienoic acid x 

2.616) + (% eicosenoic acid
 
x 0.785) + (% docosenoic acid x 0.723).  

Statistical Analysis 

Statistical analysis of the carcass and fatty acid composition data was performed 

using the GLM procedure of SAS (SAS Inst., Inc, Cary, NC). Genetic sample (GS), feeding 

program (FP), sex, farrowing group, slaughter week and interactions among GS, FP, and sex 

were used in the model to examine their effect on carcass composition and fatty acid profiles. 

Individual fatty acids with greater than 2% concentrations (C16:0, C16:1, 18:0, C18:1, 

C18:2) were analyzed. Total saturated fatty acids (SFA) and total polyunsaturated fatty acids 

(PUFA) concentrations along with SFA:PUFA ratio and CIV were also analyzed. Genetic 

sample x sex, FP x sex, and GS x FP x sex interactions were removed at (P > 0.05). Hot 

carcass weight was used a covariate for LMA, BF (1
st 

rib,10
th 

rib, last rib, and last lumbar), 

belly stick test, and carcass length. Adjusted carcass length was used as a covariate for belly 

length. Pen was used as the experimental unit. Least squares means differences were 

evaluated using PDIFF and STDERR options of GLM. 
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Results 

Carcass Composition 

Least squares means and P-values for GS and FP are presented in Tables 3 and 4. A 

GS x FP interaction was observed where pigs from 2005 GS fed 1980 vs. 2005 FP showed a 

15.4% increase in LMA while 1980 GS pigs fed 1980 vs. 2005 FP had an 8.2% increase.  

Genetic Sample Differences. There was no difference between GS for carcass length, 

hot carcass weight, or dressing percent (Table 3). Longissimus dorsi muscle area was larger 

(P < 0.01) for pigs from 2005 vs. 1980 GS. Pigs from 2005 GS had less BF depth at first rib 

(P < 0.05), 10th rib (P < 0.01), last lumbar (P < 0.01), and tended (P = 0.08) to have less BF 

depth at the last rib than 1980 GS pigs. Bellies from 2005 GS pigs were firmer (P < 0.05) 

than 1980 GS pigs as measured by the stick test (Table 4). However, no other measurements 

taken from the belly differed between GS. 

Feeding Program Differences. Pigs fed 1980 FP had longer carcasses (P < 0.01) than 

pigs fed 2005 FP (Table 3). Pigs fed 2005 FP had heavier carcasses (P < 0.01) but did not 

differ in slaughter weight from pigs fed 1980 FP (Fix, 2007) and thus had a higher (P < 0.05) 

dressing percent. Pigs fed 2005 FP had larger (P < 0.01) LMA than pigs fed 1980 FP. Pigs 

fed 2005 FP had more BF depth for first rib (P<0.01), last rib (P<0.05), and a tendency at last 

lumbar (P < 0.10) measurements than pigs fed 1980 FP; however, there was no difference in 

BF depth at the 10
th

 rib measurement. Bellies from pigs fed 2005 FP were thicker (P < 0.01) 

on the loin edge but did not differ in belly thickness on the shoulder end, belly edge, or ham 

end from pigs fed 1980 FP (Table 4). Pigs fed 1980 FP had firmer bellies (P < 0.01) as 

measured by the stick test but did not differ in belly length from pigs fed 2005 FP.  
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Sex Differences. Gilts had longer (P < 0.01) carcasses than barrows (Appendix Table 

5). Because gilts had lower live weight at slaughter (Fix, 2007) but did not differ in HCW, 

gilts had higher (P < 0.01) dressing percent than barrows. Gilts had larger (P = 0.01) LMA 

and less BF depth 1
st
 rib (P < 0.01), 10

th
 rib (P < 0.01), last rib (P < 0.01), and tended to have 

less BF depth at last lumbar (P < 0.10) than barrows. Bellies from barrows were thicker (P < 

0.01) on the loin edge but did not differ in other belly thickness measures or belly length 

from gilts. Barrows had firmer (P < 0.01) bellies as measured by the stick test than gilts 

(Appendix Table 6.  

Fatty Acid Composition 

Subcutaneous Adipose Tissue from Pork Loins 

Least squares means for fatty acid composition of subcutaneous adipose tissue taken 

from the loin primal are summarized in Table 5.  

Genetic Sample Differences. Concentrations of C18:1 (P < 0.05) were lower in 2005 

GS pigs while C16:1 did not differ between GS (Table 5). Pigs from 2005 GS had lower 

concentrations of C16:0 (P = 0.05) but did not differ for C18:0 between GS. However, total 

SFA concentration tended (P = 0.07) to be lower in 2005 GS pigs. Individual PUFA 

concentrations of C18:2 were higher (P < 0.01) in 2005 GS pigs. Subsequently, total PUFA 

concentrations in 2005 GS pigs were higher (P < 0.01). Due to differences in individual fatty 

acids the SFA:PUFA ratio was lower (P < 0.01) and CIV higher (P < 0.01) in 2005 GS pigs.      

Feeding Program Differences. Pigs fed 2005 FP had lower concentrations of C18:1 

(P < 0.05) and tended to have lower concentrations of C16:1 (P = 0.10) than pigs fed 1980 

FP (Table 5). Concentrations of C16:0 and C18:0 were lower (P < 0.01) in pigs fed 2005 FP. 

Total SFA were lower (P < 0.01) in pigs fed 2005 FP vs. 1980 FP. Individual PUFA 
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concentrations of C18:2 and total PUFA were considerably higher (P < 0.01) in pigs fed 

2005 FP. Pigs fed 2005 FP had a lower (P < 0.01) SFA:PUFA ratio and higher (P < 0.01) 

CIV than pigs fed 1980 FP.   

Sex Differences. Sex differences are presented in Appendix Table 7. There were no 

significant differences between sexes.  

Subcutaneous Adipose Tissue from Pork Bellies  

Least squares means for fatty acid composition of subcutaneous adipose tissue taken 

from the belly primal are summarized in Tables 6 and 7. A GS x FP x sex interaction (P < 

0.05) for C18:0 concentration where 1980 GS barrows and 2005 GS gilts did not differ 

between FP while 2005 GS barrows and 1980 GS gilts fed 1980 vs. 2005 FP had higher 

concentrations. A similar three-way interaction (P < 0.01) where 1980 GS barrow and 2005 

GS gilts fed 1980 vs. 2005 FP had higher concentration of C18:1 but 2005 GS barrows and 

1980 GS gilts did not differ between FP. Genetic sample x FP x sex interactions for total 

SFA (P = 0.01) and total SFA:PUFA (P < 0.05) were observed where 1980 GS gilts and 2005 

GS barrows and gilts differed between FP for SFA and SFA:PUFA while 1980 GS barrows 

did not.        

Genetic Sample Differences. Monounsaturated fatty acid C18:1 did not differ 

between GS. Pigs from 2005 GS had lower concentrations of SFA C16:0 (P < 0.05) but did 

not differ for C18:0 concentrations from 1980 GS pigs. Consequently, total SFA 

concentration was higher (P < 0.05) in 1980 GS pigs. Concentrations of PUFA C18:2 (P < 

0.01) and total PUFA (P < 0.01) were higher in pigs from 2005 GS pigs. As a result total 

SFA:PUFA was lower (P = 0.01) and CIV higher (P < 0.05) in 2005 GS pigs compared to 

1980 GS pigs.  
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Feeding Program Differences. Pigs fed 1980 FP had higher monounsaturated fatty 

acids C16:1 (P < 0.01) and C18:1 (P < 0.01) than pigs fed 2005 FP. Pigs fed 1980 FP vs. 

2005 FP had higher SFA concentrations of C16:0 (P < 0.01), C18:0 (P < 0.05), and total SFA 

(P < 0.01). Pigs fed 2005 FP had higher concentrations of C18:2 (P < 0.01) and total PUFA 

(P < 0.01) than pigs fed 1980 FP. Differences led to higher (P < 0.01) total SFA:PUFA ratio 

and lower (P < 0.01) CIV in pigs fed 1980 vs. 2005 FP.  

Sex Differences. A GS x sex interaction (P < 0.05) was observed where 1980 vs. 

2005 GS barrows did not differ in C16:0 concentrations however 2005 GS gilts had lower 

concentrations of C16:0 than 1980 GS gilts. No other differences between sexes were found.  

Subcutaneous Adipose Tissue from Ham Pork Hams 

Least squares means and P-values for fatty acid profiles of subcutaneous adipose 

tissue taken from the ham primal are summarized in Tables 8 and 9. A GS x FP x sex 

interaction (P < 0.05) for C18:0 where 1980 GS barrows, 1980 GS gilts, and 2005 GS 

barrows did not differ between FP but 2005 GS gilts fed 1980 vs. 2005 FP had higher 

concentrations of C18:0. Since C18:0 was the most prevalent SFA a comparable three-way 

interaction was observed for total SFA. Neither 1980 GS barrows nor gilts differed between 

FP, while 2005 GS barrows and gilts fed 1980 FP had higher total SFA concentrations than 

2005 GS barrows and gilts fed 2005 FP. A GS x FP x sex (P < 0.05) was observed for C18:2 

where barrows and gilts from 2005 GS had higher concentrations of C18:2 when fed 2005 

FP; however, barrows and gilts from 1980 GS did not differ between FP. As a result of the 

C18:2 and SFA GS x FP x sex interactions, three-way interactions for SFA:PUFA (P < 0.05) 

and CIV (P = 0.01) were also significant. Gilts from 1980 GS did not differ between FP 
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while 1980 GS barrows, 2005 GS barrows, and 2005 GS gilts fed 1980 vs. 2005 FP had 

higher SFA:PUFA and lower CIV.               

 Genetic sample x FP interactions were also significant.  A GS x FP interaction (P < 

0.05) for concentrations of C18:1 for 1980 GS pigs did not differ between FP; however, 2005 

GS pigs fed 1980 FP had higher concentrations. Individual (C18:0 and C18:2) and total SFA 

and PUFA GS x FP interactions (P < 0.01) were observed where 1980 GS pigs did not differ 

between FP while 2005 GS pigs fed 1980 FP had lower PUFA and higher SFA 

concentrations. These interaction led to similar GS x FP interactions for total SFA:PUFA (P< 

0.01) and CIV (P < 0.01). Once again 1980 GS pigs did not differ between FP while 2005 GS 

pigs fed 1980 FP had higher SFA:PUFA ratio and lower CIV than 2005 GS pigs fed 2005 

FP.  

Genetic Sample Differences. Pigs from 2005 GS had lower (P < 0.01) C18:1 

concentrations than pigs from 1980 GS. No other differences were observed between GS.               

Feeding Program Differences. Concentrations of C18:1 (P < 0.01) monounsaturated 

fatty acids were higher in pigs fed 1980 FP while C16:1 did not differ between FP.  Saturated 

fatty acids C16:0 (P < 0.01) and C18:0 (P < 0.01) concentrations were lower in pigs fed 2005 

vs. 1980 FP. This led to higher (P < 0.01) concentrations of total SFA in pigs fed 1980 FP. 

Polyunsaturated fatty acid concentrations of C18:2 (P < 0.01) were higher in pigs fed 2005 

FP which resulted in higher (P < 0.01) concentrations of total PUFA in those same pigs. 

Differences in SFA and PUFA between FP led to higher (P < 0.01) total SFA:PUFA and 

lower (P < 0.01) CIV for pigs fed 1980 FP.    

Sex Differences. A GS x sex interaction (P < 0.05) was observed where 1980 GS 

barrows vs. gilts did not differ but 2005 GS barrows had lower concentrations of C18:1 than 



 

 84 

2005 GS gilts. Barrows tended to have higher C18:0 (P = 0.06) which led to higher (P < 

0.05) total SFA concentrations and subsequently lower (P = 0.05) CIV than gilts. 

 

Discussion 

Carcass Composition 

The interaction of magnitude for LMA would suggest pigs under selection pressure 

for muscling and leanness over the past 25 yr had a greater response to changes in feeding 

programs. This is in agreement with McConnell et al. (1971), where lean type pigs fed high 

vs. low protein levels had larger LMA while fatter type pigs did not differ between high and 

low protein for LMA. The response appears to be similar to growth differences reported in 

Fix (2007). Likely due to the 1980 FP inability to match nutrient requirements of either GS; 

however, it more closely meets the 1980 GS than 2005 GS. This results in a greater 

difference between FP for 2005 GS than 1980 GS.  

It would be expected that no differences were observed between GS for carcass 

length, hot carcass weight and dressing percent. No selection pressure is generally placed on 

theses traits and there is little to no genetic correlation between these measures and 

commonly selected traits (Stewart et al., 1989; NPPC, 1995). The increase in LMA and 

reduction in BF over 25 yr agrees with genetic trends for the U.S. and Canadian swine 

industries (Hudson and Kennedy, 1985; Chen et al., 2002; Sullivan and Dean, 1994; 

Kennedy et al., 1996). Genetic selection for BF typically takes place at the 10
th

 rib which 

would explain why 10
th

 rib BF depth had the greatest difference between GS.  

Belly firmness differences between GS may be due in part to pigs from 1980 GS 

being fatter. Increased fatness tends to result in greater amounts of SFA in the subcutaneous 
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adipose tissue (Scott et al., 1981). Increased SFA results in firmer bellies (Rentfrow et al., 

2003). This is also supported by our findings of fatty acid concentrations in the belly adipose 

tissue.   

Differences between FP in carcass length, hot carcass weight and dressing percent are 

not in agreement with studies that evaluated pelleted diets (Baird, 1973; Wondra et al., 1995), 

added dietary fat (Engel et al., 2001) or increased protein and lysine (Hale and Southwell, 

1967; Bereskin and Davey, 1978), all of which reported no changes due to those specific 

dietary changes. However, it is difficult to determine what interactions may have occurred 

amongst the feeding program changes. Increased carcass length in pigs fed 1980 FP could be 

a result of slower growing pigs that were older at slaughter and thus, more physiologically 

developed. Increased carcass weight with no change in slaughter weight of pigs fed 2005 FP 

is likely due to the increased fat deposition and LMA of those pigs, both of which have been 

reported to have positive phenotypic correlations with dressing percent (Stewart and 

Schinckel, 1989). Increased LMA is in agreement with studies involving increased protein 

and/or lysine in diets (Hale and Southwell, 1967; Bereskin and Davey, 1978; Friesen et al., 

1995; Robison et al., 2000). However, these papers also noted reduced BF or no difference in 

BF due to increased protein or lysine. Findings in our study were in contradiction as we 

found no difference between FP or increased BF in pigs fed 2005 FP. It is commonly 

accepted that pigs eat to meet their energy needs. Formulation for energy in the 1980 FP may 

have been low enough that pigs ate to their fill before consuming their energy requirement 

leading to slower growth (Fix, 2007), less muscle and less BF. A potential reason for no 

difference at the 10
th

 rib BF depth but difference for the other three measures could be due to 

selection pressure for reduced BF at the 10
th

 rib. Pigs fed similar feeding programs are 
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selected for reduced BF depth; therefore, pigs selected are those with a genetic tendency to 

have less 10
th

 rib BF on a similar feeding program. 

Few papers involving changes in feeding regime such as ours evaluated belly 

thickness; however, Bereskin and Davey (1978) increased protein 4% and found no 

difference in belly thickness. Varying degrees of difference in belly thickness measures could 

be attributed to variation in fabrication. 

Differences between sexes for BF, LMA, and carcass length are in agreement with 

the literature (Hale and South well, 1967; Bereskin and Davey, 1976, 1978). Hale and 

Southwell (1967) found similar differences in dressing percent between sexes. No difference 

observed in our study for belly thickness is likely due to variation in fabrication. The belly 

thickness difference which was observed is not in agreement with Bereskin and Davey 

(1978) which reported gilts had thicker bellies. Our difference in belly firmness is likely due 

to the increased fatness of barrows vs. gilts. A sex difference in belly firmness agrees with 

Gatlin et al. (2003) and is possibly due to increased fat in barrows which leads to more SFA 

and thus a firmer fat (Scott et al., 1981; De Smet et al., 2004).   

Fatty Acid Composition 

Several GS x FP x sex interactions for fatty acid concentrations were significant for 

adipose tissue collected from the belly and ham. Due to the many changes in feeding 

program and potential variation in genetic selection which has occurred it is difficult to 

determine what interactions may be occurring. Reasons for no GS x FP x sex interactions at 

loin location are unknown. However, it has been shown that adipose tissue taken from 

different sites on the pork carcass vary in fatty acid composition (Suzuki et al., 2006).  
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The GS x sex interaction for C16:0 in belly adipose tissue may be explained by 

similar differences in fat measure at the first rib. Barrows were similar in fat depth between 

GS while 2005 vs.1980 GS gilts had less fat depth which would agree with the higher SFA 

(C16:0) in the 1980 GS gilts. We realize these are different anatomical places; however, they 

are within close proximity to one another. However, the FP x sex interaction for C18:1 in 

adipose tissue taken from the ham does not appear to be explained by differences in fat depth 

measures within close proximity to the ham.     

The GS x FP interactions for adipose tissue taken from the ham are all related.  

Concentrations of the various fatty acids from the 1980 GS pigs did not differ between FP 

while the 2005 GS pigs did. This is not explained by differences in fat depth. The 2005 GS 

pigs fed 1980 vs. 2005 FP are leaner which does not agree with our fatty acid concentrations. 

However, in agreement with the literature is that 2005 GS pigs fed 2005 FP had the highest 

PUFA concentrations and CIV. The 2005 GS is leaner and the 2005 FP has added lard. Both 

have been shown to increase PUFA and reduce SFA which leads to increased CIV (Scott et 

al., 1981; Rentfrow et al., 2003; Engel et al., 2003; Weber et al., 2006). 

As previously discussed, fatty acid concentrations of adipose tissue vary at different 

locations of the pig carcass. However, genetic correlations between sites of adipose tissue for 

fatty acid concentrations have been shown to be both high and positive (Suzuki et al., 2006) 

indicating the concentrations should be similar between sites. Differences between GS for 

fatty acid composition of adipose tissue taken from the loin and belly are in agreement with 

the genetic correlations. Pigs are not generally selected based on fatty acid composition in 

their adipose tissue. Therefore, it is important to evaluate genetic correlations between fatty 

acids and the commonly selected traits of growth, muscling, and leanness. Genetic 
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correlations between fatty acid concentrations and performance traits may explain our 

differences between GS. The 2005 GS were leaner and heavier muscled with higher PUFA 

and lower SFA concentrations which coincide with the genetic correlations reported in 

Suzuki et al., (2006). Scott et al. (1981) also found greater concentrations of SFA in pigs 

selected for increased BF depth and higher PUFA concentrations in pigs selected for reduced 

BF depth. Cameron et al. (2000) reported similar results for fatty acid concentrations in 

intramuscular adipose tissue. In this study pigs, selected for lean feed efficiency and lean 

growth rate had lower SFA concentrations in neutral lipid. Our findings of increased SFA 

concentrations and CIV in subcutaneous adipose tissue taken from the loin and belly agree 

with the literature. However, the lack of difference found between GS for fatty acid 

concentrations taken from ham adipose tissue is perplexing. Variation in magnitude of fatty 

acid concentration is expected between sites. However, this does not fully explain why no 

difference was found between GS. Fat is typically deposited from the anterior to the posterior 

end of the skeleton. A possibility is there was a greater fat difference in the anterior of the 

skeleton, where the loin and belly adipose tissue were collected than the posterior where the 

ham adipose tissue was collected.           

Differences between FP for fatty acid concentrations were found at all sites. 

However, the magnitude of difference was not consistent across sites, which is in agreement 

with Weber et al. (2006). Decreased individual and total SFA and increased individual and 

total PUFA in adipose tissue taken from pigs fed 2005 FP is consistent with the literature for 

added choice white grease at the 5% level or higher (Engel et al., 2003; Rentfrow et al., 

2003; Weber et al., 2006). Teye et al. (2006) fed high vs. low protein diets and noted similar 

increased total SFA, decreased total PUFA, and higher PUFA:SFA ratio as our high protein 
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(2005 FP) vs. low protein diets (1980 FP). Differences found between FP in CIV were 

similar to those reported in Weber et al., (2006). This was expected due to CIV being 

calculated based on PUFA and SFA concentrations. Added dietary fat and increased protein 

are changes in FP which the literature has shown to most affect fatty acid profiles in pork 

adipose tissue. Adding dietary fat in the form of lard increases the amount of PUFA in the 

diet and it is well known that fatty acid profiles of animals reflects what they have been fed. 

Our findings appear to be in line with the literature (De Smet et al., 2004).  

Only small differences were found between barrows and gilts for fatty acid 

concentrations. Studies which reported sex differences found higher SFA in barrows and less 

PUFA. Tendencies for higher C18:0 (P = 0.06) concentrations with higher (P < 0.05) total 

SFA concentration and lower (P = 0.05) CIV is in agreement (Suzuki et al., 2006). This is 

believed to be the result of both a sex effect and increased fat in barrows.         

Muscling and leanness have shown vast improvements over 25 yr. The improvement 

in muscling is virtually equally attributable to both genetics and nutrition while nearly all the 

BF reduction is the result of genetic improvement. However, it appears these improvements 

have come at a cost. Both genetic and feeding program changes have resulted in increased 

PUFA concentrations in subcutaneous adipose tissue which resulted in increased CIV. While 

this may be beneficial for human health it is costly for the pork processing industry. The 

increase in CIV could lead to inefficiencies in slaughter which could reduce profitability for 

the swine industry. These results show that with improvements come unfavorably correlated 

responses.  

The information from this study could provide the pork industry with a greater 

understanding of industry changes in pork carcass composition and fatty acid composition of 
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adipose tissue from 1980 to 2005. Specifically, which phenotypic changes are attributable to 

genetics, nutrition or both. This combined with the results of other portions of this study, 

specifically, the growth and performance portion, could provide documentation to show what 

improvements have been made and areas for potential future studies to improve pork carcass 

composition.  These results could also provide information which indicates not focusing on 

or at least being conscious of all economically important traits could result in inefficiencies 

within the swine industry. 
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Table1. 1980 Feeding program 

 Prestarter Starter Grower Finisher 

Calculated analysis 

Crude Protein,% 18.3 17.9 15.0 13.3 

Metabolizable Energy, kcal/kg 3262 3299 3315 3317 

Calcium,% 0.87 0.78 0.67 0.67 

Phosphorus,% 0.74 0.70 0.60 0.56 

Lysine,% 1.05 0.95 0.75 0.62 

 

 

Table 2. 2005 Feeding program  

 Prestarter Starter  

1 

Starter  

2 

Grower 1 Grower 2 Finisher 

1 

Finisher 

2 

Calculated analysis 

Crude protein,% 22.6 22.3 22.1 17.9 16.9 14.7 12.0 

Metabolizable energy, 

kcal/kg 

3428 3405 3438 3630 3643 3655 3651 

Calcium,% 0.84 0.79 0.72 0.52 0.48 0.43 0.39 

Phosphorus,% 0.72 0.68 0.64 0.55 0.47 0.41 0.37 

Lysine,% 1.51 1.43 1.36 1.22 1.13 0.94 0.73 

Added antibiotics 

Chlortetracycline, g/t 440.92 440.92 440.92 440.92 - - - 

Tiamulin, g/t 38.58 38.58 38.58 - - - - 

Tylosin, g/t - - - - 22.05 - - 

Virginiamycin, g/t - - - - - 11.03 5.51 

Added dietary fat 

Lard,% 2.84 3.73 4.67 6.95 6.97 6.97 6.67 
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Table 3. Effect of genetic sample and feeding program on carcass measurements  

 Genetic sample  

 1980 2005 P-value
1
 

 Feeding program 

Trait 1980 2005 1980 2005 

 

GS*FP 

Genetic 

sample 

Feeding 

program 

Carcass length, cm 86.98 85.16 87.04 84.88 0.68 0.81 <0.01 

Dressing percent, % 73.03 73.64 72.40 73.81 0.27 0.58 0.02 

HCW, kg 84.88 87.31 85.42 88.05 0.90 0.44 <0.01 

LMA
3
, cm

2
 36.84

a
 39.87

b
 42.73

c
 49.31

d
 0.04 <0.01 <0.01 

Backfat (BF) depth 

BF 10th rib, cm 3.19a 3.30 2.51 2.41 0.25 <0.01 0.94 

BF 1st rib, cm 3.99 4.34 3.73 4.09 0.96 0.04 <0.01 

BF last rib, cm 2.89 3.05 2.72 2.92 0.75 0.08 0.05 

BF last lumbar
2
, cm 2.56 2.62 2.27 2.45 0.30 <0.01 0.09 

a-c
 Least squares means with no common superscript differ (P < 0.05) 

1 
P-values from final model; GS + FP + Sex + farrowing group + slaughter week + GS*FP 

2
 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex

 

3
 LMA: loin muscle area 

 

 

Table 4.  Effect of genetic sample and feeding program on trimmed belly measurements 

 Genetic sample  

 1980 2005 P-value
1
 

 Feeding program 

Trait 1980 2005 1980 2005 

 

GS*FP 

Genetic 

sample 

Feeding 

program 

Belly thickness 

Loin edge, cm 4.01 4.43 4.14 4.35 0.40 0.87 0.04 

Teat edge, cm 3.25 3.53 3.41 3.63 0.84 0.41 0.14 

Ham end, cm 3.63 3.75 3.66 3.88 0.82 0.71 0.46 

Shoulder end, cm 4.90 4.78 5.24 4.75 0.34 0.45 0.17 

        

Stick test
2
, cm 33.54 20.62 27.70 19.12 0.13 0.02 <0.01 

Belly length, cm 53.29 52.79 53.92 52.43 0.99 0.55 0.45 
1 

P-values from final model; GS + FP + sex + farrowing group + slaughter week + GS*FP 
2
 Belly stick test is a measure of belly firmness; higher value = more firm belly  
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Table 5. Effect of genetic sample and feeding program on fatty acid composition of 

subcutaneous adipose tissue taken from pork loins 

 Genetic sample  

 1980 2005 P-value1 

 Feeding program 

Trait 1980 2005 1980 2005 

 

GS*FP 

Genetic 

sample 

Feeding 

program 

Palmitic acid; C16:0 24.40 21.70 23.60 21.18 0.64 0.05 <0.01 

Palmitoleic acid; C16:1 2.15 1.93 2.03 1.94 0.36 0.54 0.10 

Stearic acid; C18:0  14.88 13.05 14.63 12.80 0.99 0.42 <0.01 

Oleic acid; C18:1 44.70 43.41 43.56 42.22 0.96 0.02 0.02 

Linoleic acid; C18:2 9.91 15.44 11.87 17.72 0.80 <0.01 <0.01 

        

Total SFA
2
 41.25 36.39 40.22 35.47 0.91 0.07 <0.01 

Total PUFA
3
 10.55 16.71 12.74 19.23 0.81 <0.01 <0.01 

SFA:PUFA
23

 4.03 2.31 3.34 1.97 0.27 <0.01 <0.01 

CIV
4
 59.07 68.09 61.66 71.39 0.69 <0.01 <0.01 

1
 P-values from final model; final model: GS + FP + sex + farrowing group + slaughter week 

+ GS*FP  

2
 SFA: saturated fatty acids   

3
 PUFA: polyunsaturated fatty acids 

 
 

4
 CIV: calculated iodine value 

 

 

Table 6. Effect of genetic sample, feeding program and sex on fatty acid composition of 

subcutaneous adipose tissue taken from pork bellies 

 Genetic sample   

 1980 2005   

 Feeding program   

 1980 2005 1980 2005 P-value
1
  

 Sex  

Trait B G B G B G B G GS*FP*S 

Pooled 

SEM 

Palmitic acid; C16:0 24.47 26.07 22.82 22.92 24.67 24.20 22.11 21.95 0.10 0.423 

Palmitoleic acid; C16:1 2.53 2.67 2.14 2.30 2.50 2.33 2.09 2.16 0.46 0.114 

Stearic acid; C18:0 13.08 14.32 13.50 12.50 13.55 13.69 12.09 12.66 0.03 0.451 

Oleic acid; C18:
 
1

 
 47.10 44.76 42.85 43.94 44.85 45.44 44.04 43.28 0.01 0.680 

Linoleic acid; C18:2 9.47 8.58 14.20 14.44 10.22 10.17 15.59 15.96 0.66 0.633 

           

Total SFA
2
 39.91 42.30 37.94 36.96 40.13 39.80 35.83 36.09 0.01 0.670 

Total PUFA
3
 9.82 8.95 15.40 15.65 10.98 10.89 16.96 17.29 0.71 0.708 

SFA:PUFA
23

 4.27 5.15 3.74 2.93 4.23 4.22 1.73 2.51 0.03 0.426 

CIV
4
 60.42 56.93 65.59 67.12 60.20 60.46 69.17 69.17 0.06 1.066 

1
 P-values from complete model: GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex  

+ FP*sex + GS*FP*sex  
2
 SFA: saturated fatty acids   

3
 PUFA: polyunsaturated fatty acids 

 
 

4
 CIV: calculated iodine value 
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Table 7. P-values of main effects and two-way interactions for fatty acid composition of 

subcutaneous adipose tissue taken from pork bellies  

 P-value
1
 

Trait GS FP Sex GS*FP GS*Sex FP*Sex 

Palmitic acid; C16:0
3
 0.02 <0.01 0.45 0.92 0.05 0.28 

Palmitoleic acid; C16:1
2
 0.12 <0.01 0.72 0.61 0.19 0.36 

Stearic acid; C18:0
2 

 0.32 <0.01 0.47 0.03 0.68 0.12 

Oleic acid; C18:
 
1

4
 0.63 <0.01 0.48 <0.01 0.53 0.24 

Linoleic acid; C18:2
 2

 <0.01 <0.01 0.94 0.70 0.55 0.35 

       

Total SFA
45

 0.03 <0.01 0.34 0.49 0.23 0.06 

Total PUFA
26

 <0.01 <0.01 0.91 0.93 0.63 0.41 

SFA:PUFA
456

 0.01 <0.01 0.51 0.23 0.51 0.42 

CIV
27

 0.02 <0.01 0.73 0.49 0.41 0.09 
1
 P-values from complete model unless included in final model; complete model: GS + FP + 

sex + farrowing group + slaughter week + GS*FP + GS*sex + FP*sex + GS*FP*sex  
2 

Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP 
 

3 
Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex  

4 
Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex + 

FP*sex + GS*FP*sex 
5
 SFA: saturated fatty acids   

6
 PUFA: polyunsaturated fatty acids 

 
 

7
 CIV: calculated iodine value 

 

 

Table 8. Effect of genetic sample, feeding program and sex on fatty acid composition of 

subcutaneous adipose tissue taken from pork hams 

 Genetic sample   

 1980 2005   

 Feeding program   

 1980 2005 1980 2005 P-value
1
  

 Sex  

Trait B G B G B G B G GS*FP*S 

Pooled 

SEM 

Palmitic acid; C16:0 23.06 22.25 22.02 22.47 23.54 23.15 21.89 20.59 0.05 0.417 

Palmitoleic acid; C16:1 1.86 1.86 1.77 1.81 1.88 1.89 1.73 1.75 0.90 0.079 

Stearic acid; C18:0
 
 14.82 14.00 14.01 14.28 15.29 14.99 14.45 13.17 0.04 0.371 

Oleic acid; C18:
 
1

 
 44.48 43.82 44.54 44.28 44.01 44.84 41.44 42.10 0.60 0.416 

Linoleic acid; C18:2 11.09 13.68 13.19 12.66 10.39 10.39 15.62 17.47 0.02 0.781 

           

Total SFA
2
 39.77 37.89 37.73 38.50 40.86 40.11 38.06 35.35 0.02 0.736 

Total PUFA
3
 12.06 14.89 14.34 13.77 11.28 11.25 17.04 19.02 0.02 0.847 

SFA:PUFA
23

 3.29 2.62 2.64 2.93 3.75 3.56 2.25 1.85 0.05 0.232 

CIV
4
 61.03 65.18 64.81 63.68 59.35 60.00 66.61 70.54 0.01 1.041 

1
 P-value from complete model: GS + FP + Sex + Farrowing group + slaughter week + GS*FP + GS*sex + 

FP*sex + GS*FP*sex  
2
 SFA: saturated fatty acids   

3
 PUFA: polyunsaturated fatty acids 

 
 

4
 CIV: calculated iodine value 
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Table 9. P-values of main effects and two-way interactions for fatty acid composition of 

subcutaneous adipose tissue taken from pork hams  

 P-value
1
 

Trait GS FP Sex GS*FP GS*Sex FP*Sex 

Palmitic acid; C16:0
4
 0.63 <0.01 0.11 <0.01 0.21 0.75 

Palmitoleic acid; C16:1
3
 0.81 0.09 0.72 0.52 0.99 0.81 

Stearic acid; C18:0
4
 0.50 0.01 0.06 0.05 0.28 0.91 

Oleic acid; C18:1
2
 <0.01 <0.01 0.62 <0.01 0.03 0.84 

Linoleic acid; C18:2
4 

 0.18 <0.01 0.10 <0.01 0.91 0.54 

Total SFA
45

 0.83 <0.01 0.04 <0.01 0.22 0.72 

Total PUFA
46

 0.18 <0.01 0.10 <0.01 0.89 0.53 

SFA:PUFA
456

 0.93 <0.01 0.17 <0.01 0.73 0.22 

CIV
47

 0.65 <0.01 0.05 <0.01 0.63 0.55 
1
 P-values from complete model unless included in final model; complete model: GS + FP + 

sex + farrowing group + slaughter week + GS*FP + GS*sex + FP*sex + GS*FP*sex  
2 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP  

3 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex  
4 

Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex + 

FP*sex + GS*FP*sex 
5
 SFA: saturated fatty acids   

6
 PUFA: polyunsaturated fatty acids 

 
 

7
 CIV: calculated iodine value 
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CHAPTER 4 

 

 

DIFFERENCES IN PORK QUALITY TRAITS AND SENSORY 

CHARACTERISTICS OF COMMERCIAL PIGS REPRESENTATIVE OF 1980 AND 

2005 GENETIC TYPES WHEN REARED ON 1980 AND 2005 REPRESENTATIVE 

FEEDING PROGRAMS 
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ABSTRACT 

The objective of this study was to assess changes over 25 yr in pork quality and 

sensory characteristics. Pigs (n = 162) representative of the current commercial industry were 

compared to pigs representative of the commercial industry 25 yr ago. The 1980 genetic 

sample was produced from dams selected to minimize genetic improvement and frozen 

semen from boars available in 1980. Pigs within sex, farrowing group, and genetic sample 

(GS) were randomly assigned to a feeding program (FP) and placed 3 per pen (n = 54) at an 

initial BW of 7 ± 0.4 kg. The 2005 FP included a 7 phase FP (lysine from 1.51 to 0.73% and 

ME from 3428 to 3651 kcal/kg), pelleted diets, antibiotics, and added dietary fat. The 1980 

FP consisted of 4 meal diets (lysine from 1.05 to 0.62% and ME from 3262 to 3317 kcal/kg) 

based on formulations from the 1978 Pork Industry Handbook which included no antibiotics 

or added dietary fat. Pigs were harvested on a weekly basis when average BW of pigs in a 

pen exceeded 116 kg. At slaughter, 45 min pH was measured. At 24 h post-mortem Minolta 

color (L*, a*, b*) and ultimate pH of longissimus dorsi (LD) and ham (semimembranosus) 

were collected. National Pork Board marbling score (1-10), firmness score (1-3), wetness 

score (1-3), and color score (1-6) were also collected 24 hours post mortem. Percentage drip 

loss, Warner-Bratzler shear force, and chemical analysis of lipid content (IMF) in the LD 

were collected on later dates. Genetic sample x FP interactions (P < 0.05) were observed for 

visual marbling scores and percentage intramuscular fat in the LD muscle where 2005 GS 

pigs fed the 1980 FP had the highest visual marbling score and IMF. Both subjective 

marbling score and percentage IMF in the LD muscle were higher (P < 0.01) for pigs from 

the 2005 vs. 1980 GS pigs (2.28 vs. 1.58; 4.83 vs. 3.60%) and pigs fed the 1980 vs. 2005 FP 

(2.29 vs. 1.59; 5.22 vs. 3.21%). Pigs fed 2005 vs. 1980 FP had lower 45 min pH (6.28 vs. 
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6.11; P = 0.01) and tended to have lower ultimate pH (5.72 vs. 5.63; P = 0.09) measured in 

LD. Percentage drip loss of LD was lower (P < 0.05) for 2005 vs. 1980 GS pigs (2.51 vs. 

3.20%) and pigs fed 1980 vs. 2005 FP (2.52 vs. 3.18%). Ham pH measured 24 h postmortem 

was higher (5.86 vs. 5.70; P < 0.05) and ham subjective wetness score was more desirable 

(2.17 vs. 1.73; P < 0.05) for pigs fed 1980 vs. 2005 FP. Hams from 1980 GS pigs were more 

(11.29 vs. 10.44; P < 0.05) red (a*) and more (4.37 vs. 3.62; P < 0.01) yellow (b*) than hams 

from 2005 GS pigs. There tended to be a GS x FP interaction (P < 0.10) for Warner-Bratzler 

shear force where 2005 GS pigs fed 1980 FP and 1980 GS pigs fed 2005 FP had lower shear 

force values. Based on a consumer sensory evaluation LD samples from pigs fed 1980 FP 

had higher overall liking (P < 0.01) and texture liking (P < 0.05) than samples from pigs fed 

2005 FP. Trained flavor and texture descriptive panels were conducted on a 16 point 

intensity scale. Stronger cooked pork aroma was found (P < 0.01) for LD from pigs fed 1980 

vs. 2005 FP. Samples of LD from pigs fed 2005 FP had a higher cohesiveness of mass than 

LD from pigs fed 1980 FP. There was GS x FP interaction (P < 0.01) for cooked pork flavor 

where LD from 1980 GS pigs fed 1980 vs. 2005 FP did not differ but LD from 2005 GS pigs 

had more cooked pork flavor when fed 2005 vs. 1980 FP. Interactions of GS x FP were 

observed where LD from 2005 GS pigs did not differ when fed 1980 vs. 2005 FP; however, 

LD from 1980 GS pigs fed 2005 FP were juicier (P < 0.01) and had more moisture release (P 

< 0.01) than LD from pigs fed 1980 FP. Also, GS x FP interactions were observed where LD 

from 2005 GS pigs fed 2005 FP and 1980 GS pigs fed 1980 FP were harder (P < 0.01; P < 

0.01) and more fibrous (P < 0.01; P < 0.05). Over 25 yr genetic improvement appears to have 

had favorable effects on IMF and water holding capacity in the LD muscle, changed ham a* 

and b* values but did not affect eating quality. Changes in FP over 25 yr have resulted in 
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reduced IMF and reduced pH of the LD, which led to increased drip loss. Also, increased 

ham ultimate pH and poorer eating quality of the LD were the result of FP changes. 

 

Introduction 

Pork quality is becoming more important to the swine industry due to emphasis being 

placed on consumer acceptance of the product (Brisbane and Chesnais, 1998; Emmet et al., 

2000; Newcom et al., 2003). Genetic selection and changes in nutrition can affect 

intramuscular fat, color, water holding capacity, pH, and tenderness, which are the most 

common measures for pork quality (Barton-Gade, 1990; Schwab et al., 2006). Not until 

recently have these traits been emphasized in selection programs (J. Holl, personal 

communication, August, 2006; D. Casey, personal communication, March, 2007) and still, 

seldom receive the emphasis growth performance, muscling, and carcass leanness do. 

Therefore, it is important to evaluate genetic trends over the past 25 yr for the traits selected 

for and genetic correlation between those and pork quality traits.    

Genetic trends throughout parts of 1980 to 2005 in the U.S. and Canadian swine 

industries show improvements have been made in growth performance, muscling, and 

leanness (Hudson and Kennedy, 1985; Sullivan and Dean, 1994; Kennedy et al., 1996; Chen 

et al., 2002). Genetic correlations vary between populations. However, genetic correlations 

for backfat, longissimus dorsi muscle area, and lean gain with pork quality traits indicate 

selection with emphasis on those three traits will lead to poorer pork quality traits (Lo et al., 

1992; Hovenier et al., 1992; NPPC, 1995). Similar genetic correlations with eating quality 

indicate increased muscling and leanness leads to lower consumer acceptance as measured by 

taste panels (Lo et al., 1992; NPPC, 1995). Schwab et al. (2006) reported on the effect of 
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long term selection for increased leanness on pork quality and found pigs sired by boars in 

the 1980’s had higher marbling, intramuscular fat, and more desirable tenderness than pigs 

sired by boars from the early 2000’s. 

The level of protein and lysine in the diet affect intramuscular fat. Goerl et al. (1995) 

reported pigs fed the lowest percentage protein had the most intramuscular fat. Comparable 

results were reported in both Cisneros et al. (1996) and Witte et al. (2000) for lower levels of 

lysine in the diet prior to slaughter. Reducing lysine from in diets fed to hybrid gilts 

increased the intramuscular fat (Witte et al., 2000). Cisneros et al. (1996) fed 5.6 vs. 4.0 g/kg 

lysine for 21 or 35 d prior to slaughter and found less intramuscular fat in the gilts fed higher 

amounts of lysine. The literature for other feeding program differences in this study has 

shown no effects on pork quality or sensory characteristics.  

This study was designed to evaluate the effects of genetic improvement and changes 

in nutrition over the past 25 yr on pork quality traits and sensory characteristics of pork LD 

muscle. 

 

Materials and Methods 

Genetic Samples, Feeding Programs and Management 

This study was designed to compare pigs representative 1980 and 2005 genetic 

samples (GS) fed feeding programs (FP) representative of those time periods. This was 

accomplished using pigs farrowed from females from a control population, formed in 1979 at 

the University of Nebraska, Lincoln (Neal et al., 1989) and has been maintained at North 

Carolina State University since 1989 (Holl and Robison, 2003) bred to frozen semen from 

boars commercially available around 1980. Semen was made available from International 
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Boar Semen (Eldora, IA) and Swine Genetics International, LTD. (Cambridge, IA). Feeding 

programs representing 1980 and 2005 (Fix, 2007a) feeding practices were used to assess 

effects of changes in feeding practices on pork quality and sensory characteristics. The 1980 

FP was based on suggested formulations from the 1978 Pork Industry Handbook as reported 

in Krider et al. (1982). The 2005 FP was based on current industry practices. Both diets were 

corn and soybean meal based and complete details are outlined in Fix (2007a). Major 

differences between 1980 vs. 2005 FP included ingredient and nutrient composition, 

increased number of phases, meal diets vs. pelleted diets, no-antibiotics vs. antibiotics, added 

dietary fat vs. no added dietary fat, and no synthetic amino acids vs. synthetic amino acids. 

Important dietary aspects specific to this portion of the study are summarized in Tables 1 and 

2 for 1980 and 2005 FP, respectively.   

Fix, (2007a) provides complete details of the design and management of pigs during 

the growth portion of the study. However, a brief description follows. A 2 x 2 x 2 factorial 

design was used (2 GS, 2 FP, 2 sexes) with 3 pigs per pen (pen = 54) in two farrowing 

groups. Pigs were housed on solid concrete floors with 1.86 m2 per pig and provided ad 

libitum access to feed and water. All animal procedures were approved by the Institutional 

Animal Care and Use Committee of North Carolina State University.  

Carcass Measures 

Pigs were slaughtered by pen on a weekly basis when average BW of pigs in a pen 

exceeded 116 kg. Slaughter data was collected at a commercial abattoir (Bailey Foods, 

Bailey, NC). 

Procedures for collection of carcass quality data followed NPPC (2000) 

recommendations. All carcass measures were taken from the right side of the carcass. 
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Longissimus dorsi (LD) (10
th

 rib face) and ham pH (semimembranosus) were measured at 

slaughter (45 min pH) and 24 h post mortem (ultimate pH) with an IQ240 (IQ Scientific 

Instruments Inc., Carlsbad, CA). Twenty-four h post mortem, after allowing a minimum of 

30 min to bloom, subjective measures for color (1 = pale pinkish gray to white; 6 = darkish 

purple red), firmness (1 = soft; 3 = very firm) and wetness (1 = exudative; 3 = dry) were 

evaluated on the 10
th

 rib face and ham face (all ham face measures on the gluteus medius 

muscle) according to NPPC (2000). Marbling (1 = 1% intramuscular fat; 10 = 10% 

intramuscular fat) was evaluated on the 10
th

 rib face. Objective color was also measured in 

triplicate on the LD 10
th

 rib face and ham face using a Minolta Chroma Meter CR-200 

(Minolta, Ramsey, NJ) with D65 illuminant and calibrated with a standard white plate. 

Means for lightness (L*), redness (a*) and yellowness (b*) were calculated and used for 

analysis. Boneless LD were placed in ice and returned to the North Carolina State University 

Processed Meat Laboratory (Raleigh, NC). Samples (40-55 g) from LD were used to 

determine 48 h drip loss (Honikel,
 
1987). Fresh LD were vacuum packaged and stored at 0ºC 

for 7 days and then stored at -20ºC.  

Within 7 months, LD were cut into 2.54 cm thick chops. Due to the small size of 

some LD there were slight variations in the chop number used for various tests. Chops were 

cut from beginning from the anterior portion of the boneless LD. The first chop was used for 

percent lipid analysis (IMF) in the muscle (Appendix Figure 4). The second or third chop 

was used for Warner-Bratzler shear force test. The third or fourth and fourth or fifth chops 

were used for consumer sensory analysis and trained flavor and descriptive panels, 

respectively.  
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Chops were sent to the University of Illinois (Urbana-Champaign, IL) for chemical 

analysis of percent lipid in the LD muscle. Proximate analysis for moisture and fat were 

conducted on duplicate samples similar to that of Novakofski et al. (1989). Samples were 

oven dried at 110°C for at least 24 h, before extraction in an azeotropic mixture of 

chloroform and methanol.   

 Warner-Bratzler shear force test was conducted based on recommendations from 

AMSA (1995). Chops were cooked on a Farberware model 150A electric grill (Farberware 

Inc., Bronx, NY) to an internal temperature of 70°C, a HH21 microprocessor thermometer 

(Omega Engineering Inc., Stamford, CT) equipped with a Type T thermocouple (Cu-CuNi) 

was used to monitor the internal temperature. Chop weights were collected immediately 

before and after cooking. Samples were wrapped in cellophane wrap and chilled (2-5°C) 

overnight. A minimum of four and maximum of six 1.27 cm cores were removed parallel to 

the muscle fibers from chops representing each pig. Cores were sheared using an Instron 

Universal Testing Machine (model 5565, Instron Corp., Norwood, MA) with Bluehill 

Software and a v-notch blade (G-R Electric, Manhattan, KS). Mean shear force values for all 

cores from a chop were used for analysis.   

 Thirty-six LD chops were randomly selected from each treatment for use in a 

consumer sensory panel. Samples were thawed for 24 h in a 5°C cooler. Chops were cooked 

to an internal temperature of 70°C as described in the Warner-Bratzler shear force test 

preparation. Following removal from the grill, chops were cut into 1.27 x 2.54 x 2.54 cm 

cubes and served to consumers. Ninety-three panelists were served chops identified with 

three digit treatment numbers in a random order. Samples were scored on a hedonic scale of 

1-9 (1 = extreme disliking and 9 = extreme liking) for overall liking, texture liking and flavor 
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liking and an intensity scale of 1-8 for juiciness intensity (1 = extremely dry and 8 = very 

juicy) and tenderness intensity (1 = extremely tough and 8 = extremely tender) (Appendix 

Table 5 and 6).   

 Chops from six LD from each treatment were randomly selected for trained flavor 

and texture descriptive panels. Chops were thawed, cooked, and served to panelists as 

described in consumer sensory analysis. Seven panelists, trained in the Sensory Spectrum 

(Meilgaard et al, 2007) method of descriptive analysis and each having over 1000 hours 

experience, developed a lexicon using product specific and non-product specific references. 

Fresh, non-enhanced pork LD from a local grocer were used as reference samples. A 

universal intensity scale was used to quantify aroma, flavor, and aftertaste attributes and 

ranged from
 
0 (minimum intensity) to 15 (maximum intensity). A product specific intensity 

scale (also 0 to 15) was used to quantify the texture attributes. Descriptors for flavor, aroma, 

and texture of the longissimus dorsi chop samples are described in Table 3.  

Statistical Analysis 

Statistical analysis of pork quality and sensory panels data was performed using the 

GLM procedure of SAS (SAS Inst., Inc, Cary, NC). Genetic sample (GS), feeding program 

(FP), sex, farrowing group, slaughter week, and interactions among GS, FP, and sex were 

used in the model to examine their effect on pork quality traits. Genetic sample, FP, and the 

interaction GS x FP were used in the model to examine consumer sensory panel traits. That 

model along with session, replicate, and panelist were used to evaluate their effect on the 

flavor and texture descriptive traits. Samples given to panelists for the consumer analysis had 

only known GS and FP. Therefore other effects were not included in the model. The 

sampling of chops for the trained panel was not a complete representation of all other 
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independent variables (sex, farrowing group, and slaughter week). Consequently, those were 

not included in the model. Least squares means differences were evaluated using PDIFF and 

STDERR options of GLM. 

 

Results and Discussion 

Pork Quality of the Longissimus dorsi Muscle 

Least square means and P-values for pork quality measures of the LD muscle are 

presented in Table 4. No GS x FP x sex interactions were significant. Genetic Sample x FP 

interactions for marbling (P = 0.01) and IMF (P < 0.05) were observed where LD from 2005 

GS pigs fed 1980 FP had the greatest amount of marbling and IMF. Witte et al. (2000) and 

Cisneros et al. (1996) both reported increased intramuscular fat with lower levels of lysine 

which agrees with our study. It is also known that different genetics require different levels 

of lysine, particularly lean vs. non-lean (NRC, 1998). The interactions appear to result from 

the 1980 FP not meeting either GS lysine requirement to maximize lean growth. However, 

the 2005 GS showed the greatest reduction in lean gain when fed 1980 vs. 2005 FP (Fix, 

2007a). This result would support the 2005 GS fed the 1980 FP having the highest 

percentage IMF. There tended to be a GS x FP interaction (P < 0.10) for Warner-Bratzler 

shear force test where 2005 GS pigs fed 1980 FP and 1980 GS pigs fed 2005 FP had lower 

shear force values.  

Genetic Sample Differences. Both subjective marbling score and IMF in the LD were 

higher (P < 0.01) for LD from 2005 vs. 1980 GS pigs. Percentage drip loss measured on LD 

samples was less (P < 0.05) for LD from 2005 vs. 1980 GS pigs. The increase in IMF in LD 

from 1980 to 2005 is not in agreement with Lonergan et al. (2001) or Schwab et al. (2006). 
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Both reported reduced intramuscular fat with selection for lean gain. However, the company 

which provided our 2005 GS incorporated intramuscular fat into their genetic selection 

criteria (J. Holl, personal communication, August, 2007). This could explain the observed 

increase in IMF. No other pork quality traits measured on the LD differed between GS. 

Genetic correlations reported by Lo et al. (1992), Hovenier et al. (1992), and NPPC (1995) 

indicate there is considerable variation in the genetic correlations between performance and 

pork quality traits. Subsequently, the lack of other differences between GS for pork quality 

traits of the LD is not unexpected.    

Feeding Program Differences. Longissimus dorsi from pigs fed 1980 FP had higher 

(P < 0.01) subjective marbling score and IMF in the LD than LD from pigs fed 2005 FP. This 

agrees with Witte et al. (2000) and Cisneros et al. (1996) reports of lower levels of lysine 

increased intramuscular fat in the LD. Percentage drip loss measured on LD samples was 

lower (P < 0.05) in LD from pigs fed the 1980 vs. 2005 FP. Longissimus dorsi from pigs fed 

1980 FP had higher (P = 0.01) 45 min pH and a tendency for higher (P = 0.09) ultimate pH 

than LD from pigs fed 2005 FP. Differences in drip loss and pH due to FP are not in 

agreement with Engel et al. (2001) who added 6% choice white grease, Goerl et al. (1995) 

who increased protein, or Witte et al. (2000) who increased lysine. All of which found no 

differences in pH or drip loss of the LD. Changes in FP may not have directly caused the 

differences in pH and drip loss. However, reductions in pH can cause increased drip loss 

(NPPC, 2000). Increased stress has been shown to increase pH measure 30 min post-

slaughter and increase percentage drip loss of the LD muscle (Hambrecht et al., 2004). In our 

study pigs fed 2005 FP were more impaired in their mobility (Fix, 2007a) and therefore could 
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have had greater stress during loading and unloading for slaughter. This increased stress may 

have led to higher 45 min pH and increased drip loss of the LD.  

No differences in color and tenderness of the LD were in agreement with Engel et al. 

(2001) and Witte et al. (2000), reduced lysine, along with Baird (1973), pelleted vs. meal 

diets.  

Sex Differences. Sex differences are presented in Appendix Table 8. A FP x sex 

interaction (P < 0.01) was observed for L* value of the LD where LD from gilts fed 2005 FP 

had the lowest L* (darkest) value. An explanation may be that gilts fed 2005 FP also tended 

to have the lowest IMF in the loin. Since L* value is a measure of lightness, less IMF which 

is white might result in a darker LD surface. A FP x sex interaction (P < 0.05) for subjective 

wetness score of the LD surface was significant. Barrows did not differ between FP while 

gilts fed 1980 vs. 2005 FP tended to have higher (less moisture) subjective wetness score. A 

FP x sex interaction (P < 0.5) for 48 h drip loss of the LD was observed where gilts did not 

differ between FP while barrows fed 1980 vs. 2005 FP had less drip loss. These interactions 

would seem to contradict one another but are difficult to interpret based on the combination 

of differences among FP and selection pressure which has occurred over 25 yr.  

Pork Quality of the Ham 

Least square means and P-values for pork quality measures of the ham are presented 

in Table 5. No GS x FP x sex or GS x FP interactions were significant. 

Genetic Sample Differences. Hams from 1980 GS pigs were more (P < 0.05) red (a*) 

and more (P < 0.01) yellow (b*) than hams from 2005 GS pigs. Reasons for these differences 

are unknown. No genetic correlations between performance traits and the ham were found; 
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however, those reported for the LD are small and inconsequential. Therefore, the differences 

in a* and b* were unexpected while the lack of other differences was expected.   

Feeding Program Differences. Ham pH measured 24 h postmortem was higher (P < 

0.05) and ham subjective wetness score was more desirable (P < 0.05) for hams from pigs fed 

1980 vs. 2005 FP. Pigs fed 2005 FP were more restricted in their movement (Fix, 2007a) and 

thus could have been more stressed during loading and unloading which could result in 

higher pH and more purge (surface wetness). No studies were found involving pre-slaughter 

stress and its affect pH of the ham; however similar effects of stress on the LD and ham 

could be expected. No difference in the color of the ham face agrees with Goerl et al. (1995), 

where similar increases in protein did not affect the color. 

Sex Differences. Sex differences are presented in Appendix Table 9. A GS x sex 

interaction (P < 0.05) was observed for 45 min pH of the ham where 1980 GS barrows vs. 

gilts and 2005 GS gilts vs. barrows tended to have lower pH values. A FP x sex interaction 

for L* value (P < 0.01) of the ham was observed. Barrows and gilts fed 1980 FP did not 

differ however barrows fed 2005 FP had higher L* (lighter color) value than gilts fed 2005 

FP. Barrows and gilts differing on the 2005 FP is in agreement with Uttaro et al. (1993) 

which reported higher L* value in barrows. We do not have an explanation for the lack of 

difference between sexes fed 1980 FP.   

Ultimate pH was higher (P < 0.05) in hams from gilts than barrows which does not 

agree with Barton-Gade (1987) where gilts had lower pH in the ham than barrows. Hams 

from barrows were more (P < 0.01) red (a*) and more (P < 0.01) yellow (b*) than hams from 

gilts. Uttaro et al. (1993) reported hams from barrows had a higher b*. This study also found 
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higher L* for hams from barrows and no difference in a*, both of which contradict our 

findings. No other pork quality traits measured in the ham differed between sexes.  

Consumer Sensory Analysis 

Least square means and P-values for consumer sensory analysis traits are shown in 

Table 6. No GS x FP interactions were significant. 

Genetic Sample Differences. No differences were observed between GS for 

consumer sensory panel traits. The only pork quality trait known to affect eating quality 

which differed between GS, was IMF. Lonergan et al. (2007) reported only a small amount 

of the variation in sensory quality is attributable to variation in IMF when pH is between 5.50 

and 5.80. Indicating increased IMF with our levels of pH would minimally increase sensory 

traits. These data would appear to support Lonergan et al. (2007).   

Feeding Program Differences. Longissimus dorsi samples from pigs fed 1980 FP 

had higher overall liking (P < 0.01), and texture liking (P = 0.05) with tendencies for higher 

flavor liking (P = 0.08) and juiciness intensity (P = 0.07) than LD samples from pigs fed 

2005 FP. Huff-Lonergan et al. (2002) reported correlations between pH and sensory analysis 

which appear to agree with our findings of increased pH and lower consumer sensory traits 

for LD from pigs fed 2005 FP. Longissimus dorsi from pigs fed 2005 FP had lower 45 min 

pH and tended to have lower ultimate pH than LD from pigs fed 1980 FP. Also, increased 

IMF in loins from pigs fed 1980 FP in the 5.50 to 5.80 pH range could result in more 

desirable eating quality (Lonergan et al., 2007).  

Trained Panel Analysis  

Least square means and P-values for trained panel aroma, flavor and texture 

descriptors are presented in Table 7. 
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Flavor and Aroma Descriptors 

 A GS x FP interaction (P < 0.01) for cooked pork flavor of LD samples was 

observed. Chops from 1980 GS pigs did not differ between FP while chops from 2005 GS 

pigs fed 1980 vs. 2005 FP had more cooked pork flavor.  

Genetic Sample Differences. Chops from 2005 GS pigs tended to have more (P = 

0.06) metallic flavor than chops from 1980 GS pigs. No other flavor or aroma descriptors 

differed between GS.  

Feeding Program Differences. Samples of LD muscle from pigs fed 1980 FP had 

more cooked pork aroma than samples from pigs fed 2005 FP. No other flavor or aroma 

descriptors different between FP.  

 No other studies were found involving differences in GS or FP similar to those in this 

study. Therefore, it is difficult to interpret these results. Of note, however, are differences 

found between FP in the consumer panel were not observed in the trained panel. 

Texture Descriptors 

Similar GS x FP interactions for hardness (P < 0.01) and fibrousness (P < 0.01) were 

observed where LD samples from 2005 GS pigs fed 2005 FP and 1980 GS pigs fed 1980 FP 

were the hardest and most fibrous. Similar GS x FP interactions for moisture release (P < 

0.01) and juiciness (P < 0.01) was observed. Chops from 2005 GS pigs did not differ 

between FP while LD samples from 1980 GS pigs fed 1980 vs. 2005 FP had less moisture 

release and were less juicy. The GS x FP interactions appear to agree with one another. The 

tenderness measures are in agreement for a trend observed in Warner-Bratzler shear force 

where samples from 2005 GS pigs fed 2005 FP and 1980 GS pigs fed 1980 FP had a slight 

tendency to have higher shear force measures. A GS x FP interaction (P < 0.01) for number 
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of chews resulted in chops from 1980 GS pigs not differing between FP while chops from 

2005 GS pigs fed 2005 vs. 1980 FP required more chews. This result is also in agreement 

with other tenderness findings.    

Genetic Sample Differences. Loin samples from 1980 GS pigs were juicier (P < 

0.01) than samples from 2005 GS pigs. This does not agree with our findings for consumer 

sensory panel, pH, or IMF content of the LD. All of which suggest no difference in juiciness 

or LD from 2005 GS pigs should be juicier. No other texture descriptors differed between 

FP.  

Feeding Program Differences. Samples of loin from pigs fed 1980 FP had more (P < 

0.05) cohesiveness of mass. No other texture descriptors differed between FP.  

  Many of the differences in the trained panel analysis are difficult to explain, 

particularly the interactions. Differences were found in pH, IMF, and fatty acid 

concentrations (Fix, 2007b) all of which have been shown to affect trained panel descriptors. 

Therefore it is hard to speculate the exact causes of differences observed in trained panel 

descriptors.    

Based on findings from this study, it appears changes in pork quality, consumer 

acceptance, and trained panel descriptors have been minimal over 25 yr. Genetic 

improvements have increased IMF content and reduced drip loss of the LD muscle. 

Unfortunately, changes in feeding programs have virtually nullified these advancements by 

reducing IMF, reducing pH, and increasing drip loss of the LD muscle. Feeding program 

changes have also resulted in increased pH in the ham. The unfavorable effects of changes in 

feeding practices on pork quality traits resulted in reduced consumer acceptance. Results 

from the trained panel are inconsistent and show interactions occurring between GS and FP. 
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These results, along with other portions of this study suggest improvements in pork 

quality measures and growth performance can coincide. While changes in FP did result in 

improved performance traits, unfortunately these changes came at a cost to pork quality 

traits. Not all changes in pork quality measures resulted in changes in consumer acceptance. 

Improvements in pork quality traits due to genetic changes did not translate into greater 

consumer acceptance; however reductions in the same traits due to changes in FP did result 

in lower consumer acceptance.    

These results could allow the industry to evaluate what improvements have been 

made in the U.S. swine industry over the past 25 yr in pork quality and consumer acceptance. 

They also could provide the industry with documentation that can be used to determine what 

areas within pork quality can be improved to increase overall consumer acceptance of pork 

products.    
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Table1. 1980 Feeding program 

 Prestarter Starter Grower Finisher 

Calculated analysis 

Crude Protein,% 18.3 17.9 15.0 13.3 

Metabolizable Energy, kcal/kg 3262 3299 3315 3317 

Calcium,% 0.87 0.78 0.67 0.67 

Phosphorus,% 0.74 0.70 0.60 0.56 

Lysine,% 1.05 0.95 0.75 0.62 

 

 

Table 2. 2005 Feeding program  

 Prestarter Starter  

1 

Starter  

2 

Grower 1 Grower 2 Finisher 

1 

Finisher 

2 

Calculated analysis 

Crude protein,% 22.6 22.3 22.1 17.9 16.9 14.7 12.0 

Metabolizable energy, 

kcal/kg 

3428 3405 3438 3630 3643 3655 3651 

Calcium,% 0.84 0.79 0.72 0.52 0.48 0.43 0.39 

Phosphorus,% 0.72 0.68 0.64 0.55 0.47 0.41 0.37 

Lysine,% 1.51 1.43 1.36 1.22 1.13 0.94 0.73 

Added antibiotics 

Chlortetracycline, g/t 440.92 440.92 440.92 440.92 - - - 

Tiamulin, g/t 38.58 38.58 38.58 - - - - 

Tylosin, g/t - - - - 22.05 - - 

Virginiamycin, g/t - - - - - 11.03 5.51 

Added dietary fat 

Lard,% 2.84 3.73 4.67 6.95 6.97 6.97 6.67 
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Table 3. Definitions used by trained sensory panelists to describe the aroma, flavor, and 

texture of loin samples  

Descriptor Definition 

Flavor and aroma 

Cooked uncured pork; aroma Meaty aromatic associated with uncured lean pork muscle 

Cooked uncured pork; flavor Meaty aromatic associated with uncured lean pork muscle 

Piggy/ Boar taint Wet pig; the musk-like aroma associated with boar meat 

Metallic Flavor resembling tin or copper penny held in mouth; also 

blood or serum 

Oxidized General term for the oxidized characteristic(s) of foods such 

as cardboard, painty, and stale 

Astringent Mouth feel sensation of shrinking, drawing, or puckering of 

skin surfaces of the oral cavity, or tooth coating 

Sweet Basic taste stimulated on the tongue by sugars and high 

potency sweeteners 

Salt Salt water; also basic taste on the tongue stimulated by 

sodium salt 

Sour Pungent, sharp aromatic; also the basic taste on the tongue 

associated with acids 

Bitter Taste stimulated by substances such as caffeine or quinine 

when solubilized 

Texture 

Hardness Force required to bring incisors together on first bite 

Moisture release Degree to which juices (moisture and/or fat) exude from 

product 

Cohesiveness of mass Degree to which sample product holds together in mass 

Juiciness Degree to which juices (moisture and/or fat) are perceived in 

the product during mastication 

Fibrous/geometrical  Degree to which sample is fibrous or stringy 

Number of chews Number of chews required to prepare sample for swallowing 

(masticating at one chew/s) 

Oily mouth coating Degree to which oil is coating mouth surfaces 
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Table 4. Effect of genetic sample and feeding program on pork quality of the loin muscle 

 Genetic sample  

 1980 2005 P-value1 

 Feeding program  

Trait 1980 2005 1980 2005 GS*FP GS FP 

pH at 45 min
1
 6.28 6.13 6.28 6.10 0.77 0.78 0.01 

pH at 24 h
2 

 5.69 5.66 5.74 5.60 0.21 0.99 0.09 

L*
3
 53.22 52.14 53.20 52.42 0.77 0.82 0.13 

a*
2
 9.39

ab
 9.38

ab
 10.06

a
 8.93

b
 0.09 0.75 0.14 

b*
2
 6.45 6.26 6.76 6.24 0.47 0.57 0.20 

Color score
24

 2.30 2.20 2.56 2.38 0.75 0.15 0.38 

Firmness score
24

 2.49 2.31 2.65 2.41 0.80 0.26 0.09 

Wetness score
34

 2.55 2.43 2.57 2.58 0.51 0.45 0.69 

Marbling score
24

 1.71
a
 1.44

a
 2.85

b
 1.74

a
 0.01 <0.01 <0.01 

Lipid Content, %
2
 4.20

a
 3.00

b
 6.25

c
 3.42

ab
 0.02 <0.01 <0.01 

Drip loss, %
3
 2.88 3.52 2.17 2.85 0.95 0.02 0.03 

WBS
5
, kg

2
 2.98 2.78 2.87 3.06 0.10 0.50 0.97 

a-c 
Least squares means with no common superscript differ (P < 0.05) 

1 P-values from final model unless not included in final model then P-values are from 

complete model; complete model: GS + FP + sex + farrowing group + slaughter week 

+ GS*FP + GS*sex + FP*sex + GS*FP*sex    
2
 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP     

3 
Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + FP*sex

 
 

4
 Scored on the following scales (NPPC, 2000): color score (1 to 6) 1 = pale pinkish gray to 

white and 6 = darkish purple red; firmness score (1 to 3) 1 = soft and 3 = very firm; 

wetness score (1 to 3) 1 = exudative and 3 = dry; marbling score (1 to 10) 1 = 1% 

intramuscular fat and 10 = 10% intramuscular fat 
 

5
 WBS: Warner-Bratzler shear force test; measured in kg of force; lower value = more 

tenderness  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 123 

Table 5. Effect of genetic sample and feeding program on pork quality of the ham 

 Genetic sample  

 1980 2005 P-value
1
 

 Feeding program    

Trait 1980 2005 1980 2005 GS*FP GS FP 

pH at 45 min
4
 5.96 5.89 5.88 5.97 0.17 0.98 0.86 

pH at 24 h
2 

 5.83 5.72 5.89 5.69 0.37 0.74 0.01 

L*
3
 50.52 50.33 49.82 50.25 0.66 0.62 0.90 

a*
2
 11.03 11.54 10.65 10.23 0.16 0.02 0.91 

b*
2
 4.13 4.61 3.56 3.67 0.42 <0.01 0.29 

Color score
25

 2.73 2.77 2.90 2.64 0.46 0.91 0.65 

Firmness score
25

 2.18 2.05 2.41 2.23 0.90 0.31 0.48 

Wetness score
25

 2.02 1.84 2.31 1.62 0.10 0.85 0.02 
1 P-values from final model unless not included in final model then P-values are from 

complete model; complete model: GS + FP + sex + farrowing group + slaughter week 

+ GS*FP + GS*sex + FP*sex + GS*FP*sex    
2
 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP     

3 
Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + FP*sex

 
 

4
 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex

 

5 
Scored on the following scales (NPPC, 2000): color score (1 to 6) 1 = pale pinkish gray to 

white and 6 = darkish purple red; firmness score (1 to 3) 1 = soft and 3 = very firm; 

wetness score (1 to 3) 1 = exudative and 3 = dry 
 

 

 

Table 6. Effect of genetic sample and feeding program on consumer sensory analysis of pork 

loin chops  

 Genetic sample  

 1980 2005 P-value
1
 

 Feeding program    

Trait 1980 2005 1980 2005 GS*FP GS FP 

Overall liking
2
 6.05 5.49 5.94 5.65 0.40 0.92 <0.01 

Flavor liking
2
 5.89 5.46 5.79 5.63 0.42 0.84 0.08 

Texture liking
2
 5.68 5.17 5.76 5.59 0.34 0.15 0.05 

Juiciness intensity
3
 4.24 3.82 4.39 4.14 0.66 0.20 0.07 

Tenderness intensity
3
 4.23 4.03 4.55 4.21 0.70 0.17 0.15 

1 
P-values from full model; full model: GS + FP + GS*FP 

2 
Ranked on a scale of (1 to 9) 1 = lowest liking and 9 = higher liking  

3 
Ranked on a scale of (1 to 8) 1 = lowest intensity and 8 = highest intensity  
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Table 7. Effect of genetic sample and feeding program on trained flavor and texture 

descriptive panels 

 Genetic sample  

 1980 2005 P-value
1
 

 Feeding program    

Trait 1980 2005 1980 2005 GS*FP GS FP 

Flavor and aroma 

Cooked uncured pork; 

aroma 3.50
a
 3.39

a
 3.67

b
 3.37

a
 0.06 0.10 <0.01 

Cooked uncured pork; 

flavor 4.77
a
 4.87

ab
 4.97

b
 4.81

a
 <0.01 0.11 0.48 

Piggy/ boar taint 0.00 0.00 0.00 0.00 0.32 0.32 0.32 

Metallic 1.54 1.57 1.62 1.61 0.63 0.06 0.76 

Astringent  1.53 1.52 1.54 1.53 0.98 0.61 0.59 

Oxidized 0.00 0.02 0.00 0.00 0.32 0.32 0.32 

Sweet 1.57
a
 1.59

a
 1.61

a
 1.56

a
 0.07 0.95 0.48 

Salt 0.48 0.50 0.54 0.48 0.42 0.59 0.60 

Sour 1.78 1.77 1.78 1.84 0.27 0.23 0.46 

Bitter  0.00 0.01 0.00 0.00 0.32 0.32 0.32 

Texture 

Hardness 7.07
a
 6.63

b
 6.62

b
 7.28

a
 <0.01 0.27 0.25 

Moisture release 3.65
a
 4.02

b
 3.76

a
 3.67

a
 <0.01 0.10 0.06 

Cohesiveness of mass 6.51 6.28 6.47 6.33 0.54 0.95 0.02 

Juiciness 4.10
a
 4.36

b
 4.14

a
 3.99

a
 <0.01 0.01 0.42 

Fibrous/geometrical 5.38
a
 5.21

b
 5.21

b
 5.47

a
 <0.01 0.47 0.49 

        

Oily mouth coating 0.56 0.57 0.59 0.58 0.36 0.20 0.88 

Number of chews 35.94
ab

 34.71
a
 34.98

a
 37.63

b
 <0.01 0.15 0.29 

a-c 
Least square means without common superscript differ (P < 0.05)  

1 
P-values from full model; full model: GS + FP + session + replicate + panelist + GS*FP 
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CHAPTER 5 

FINAL SUMMARY 
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Many changes occurred in the U.S. swine industry from 1980 to 2005.  Integral parts 

of these industry wide changes were brought about by improvements in genetics and feeding 

programs. This study was an attempt to quantify both the industry changes and of those, 

which were attributable to genetics and/or feeding program improvements.   

 To accomplish this two groups of pigs, genetic samples representative of the 1980 

and 2005 commercial industry, were fed feeding programs representative of the same time 

periods. Pigs representative of the 2005 commercial industry were obtained from a North 

Carolina commercial producer. Pigs representative of the 1980 swine industry were farrowed 

from females selected for minimum genetic gain since 1979 bred with semen commercially 

available around 1980. The 2005 feeding program was based on current industry practices 

while the 1980 feeding program was based on recommendations from the 1978 Pork Industry 

Handbook. Pigs from each genetic sample were assigned were randomly assigned to one of 

the feeding programs.  

 Pigs were on test from weaning (BW = 7 kg) to slaughter (BW = 116 kg). Feet and 

leg structure/mobility was scored on pigs. Body weights were collected every two weeks and 

feed disappearance was also collected at this time. Daily gain, feed intake and feed efficiency 

were calculated. Beginning in week 8 or 10 backfat depth and longissimus dorsi muscle area 

at the 10
th

 rib were measured with real-time ultrasound every four weeks and were measure 

on the carcass 24 hours post mortem. From these data, lean gain and lean efficiency were 

calculated. Other carcass measures included carcass weight, dressing percent, carcass length, 

backfat depth (first rib, last rib, last lumbar), and fatty acid composition of subcutaneous 

adipose tissue.  Pork quality measures collected on the longissimus dorsi and ham included; 

pH (45 minute and 24 hour), L*, a*, b*, National Pork Board marbling score (1-10), firmness 
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score (1-3), wetness score (1-3) and color score (1-6). National Pork Board marbling score, 

chemical analysis of percent intramuscular fat, 48 hour percent drip loss and Warner-Bratzler 

shear force test were also measured on the longissimus dorsi. A consumer sensory panel and 

trained flavor and texture descriptive panel were conducted on longissimus dorsi samples.      

Differences in Economically Important Traits due to changes over 25 years in: 

• Genetics 

o Feet and leg structure 

� Improved mobility 6.5% 

o Increased lean efficiency 16.7% due to: 

� Increased feed efficiency 10.8% 

• Increased daily gain 8% 

o Reduced days to slaughter 6.4%  

• No change to daily feed intake 

� Increased 10
th

 rib longissimus dorsi muscle area 20% 

� Reduced 10
th

 rib backfat depth 24% 

o Carcass composition 

� No change in dressing percent 

� No change in carcass length 

� Belly fat quality 

• Reduce belly firmness 13.6% 

• Increased calculated iodine value 3.5% 

o Pork Quality 

� Intramuscular fat 

• Increased chemical analysis 34.2% 

• Increased subjective marbling score 45.0% 

� No change in pH 

• Reduced drip loss from the longissimus dorsi 21.6% 

� Color  

• No change in Minolta (L*)  

• No change in subjective color score 

� Consumer taste panel 

• No Changes in: 

o Overall acceptance 

o Flavor 

o texture 

o Tenderness 

o Juiciness 

• Feeding Program 

o Feet and leg structure 

� Reduced mobility 2.3% 

o Increased lean efficiency 16.7% due to: 



 

 128 

� Increased feed efficiency 20.8% 

• Increased daily gain 9.4% 

o Reduced days to slaughter 6.4% 

• Reduced daily feed intake 9.6% 

� Increased 10
th

 rib longissimus dorsi muscle area 12.1% 

� Reduced 10
th

 rib backfat depth  

o Carcass composition 

� Increased dressing percent 1.5% 

� Reduced carcass length 2.2% 

� Belly fat quality 

• Reduced belly firmness 35.0% 

• Increased calculated iodine value 12.9% 

o Pork Quality 

� Intramuscular fat 

• Reduced chemical analysis 38.5% 

• Reduced subjective marbling score 30.0% 

� Color  

• No change in Minolta (L*) 

• No change in subjective color score 

� Reduce ultimate ham pH 2.7%  

Increased drip loss 26.6% 

� Consumer Taste Panel 

• Reduced 

o Overall acceptance 7.2% 

o Tenderness 5.9% 

• No Change in: 

o Flavor 

o Texture 

o Juiciness 

 

Overall Changes from 1980 to 2005 in Key Economically Important Traits 

 

The following graphs represent change due to genetics, feeding program and overall 

change from 1980 to 2005 in specific growth traits and carcass traits. 
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Figure 1. Total change in growth performance over 25 yr 
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Figure 2. Total change in pork quality traits over 25 yr 
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The black portion is change due to genetics and the red portion is change due to 

feeding programs. If both are in the same direction the total bar is the cumulative change; 

however if not, then the white bar is where the cumulative change is. The * represents trait 

where a genetic sample by feeding program interaction was observed. This simply means the 

changes were not additive. 
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Implications 

 These findings show both genetics and feeding program changes from 1980 to 2005 

increased lean efficiency, an important trait in regards to overall efficiency in the grow-finish 

phase of swine production. In regards to genetic effects, improvements in pork quality can 

coincide with the improvements in lean efficiency. Unfortunately the same cannot be said for 

changes in feeding program. The improvements due to feeding program resulted in 

unfavorable effects on important pork quality traits, which then translated into poorer 

consumer acceptance of the final product. 

 These findings could provide the swine industry with documentation showing how 

much the industry has improved in the past 25 years and quantify the contributions from 

improvements in genetics and feeding programs over this time period. They also bring to 

light areas where future research is needed to optimize improvements in all aspects of a 

commercial market hog.  
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APPENDIX 
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Figure 1. Front leg side view scoring
a
 

 

 

 

 

 

 

 

 

 

 

 

 
a
 Adopted from Pocket Guide for the Evaluation of Structural, Feet, Leg and Reproductive 

Soundness in Replacement Gilts (Stalder et al., 2005) 

 

 

Figure 2. Rear leg side view scoring
a
 

 

 

 

 

 

 

 

 

 

 

 

 
a
 Adopted from Pocket Guide for the Evaluation of Structural, Feet, Leg and Reproductive 

Soundness in Replacement Gilts (Stalder et al., 2005) 
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Figure 3. Front leg front view
a
 

 
 

 

 

 

 

 

 

 

 

 

 

a
 Adopted from Pocket Guide for the Evaluation of Structural, Feet, Leg and Reproductive 

Soundness in Replacement Gilts (Stalder et al., 2005) 
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Figure 4. Map of longissimus dorsi chops used for pork quality, consumer sensory panel, and 

trained flavor and descriptive panel 

 
 

• 1 – Chemical analysis of percentage lipid in the longissimus dorsi muscle 

• 2
nd

 or 3
rd

 – Warner-Bratzler shear force test 

• 3
rd

 or 4
th

 – Consumer sensory analysis 

• 4
th

 or 5
th

 – Trained flavor and descriptive panel   
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Figure 5. Consumer pork chop questionnaire 

 

CONSUMER PORK CHOP QUESTIONNAIRE 

Please take a few moments to complete this brief questionnaire.  Your answers will help us to 

understand your choices as a consumer.  Following completion of this questionnaire, you  

will receive your ballot and samples. 

 

1.  Gender:    female       male 

 

2.  Age:    18 or younger      30 - 39 

     19 – 24       40 - 49 

     25 – 29       50 - 59 

           60 or over 

 

3.  Marital Status   Married    Single 

 

4.  Are you the primary shopper for your household (even if it is just you)?   Yes 

  No 

 

5.  How often do you consume processed pork (such as bacon, ham, sausage)? 

   never  

   a few times per year 

  at least once per month 

  at least 2 – 3 times per month  

   at least once per week 

   two or more times per week 

 

6.  How often do you consume fresh pork (chops, roasts, ribs)? 

   never  

   a few times per year 

  at least once per month 

  at least 2 – 3 times per month  

   at least once per week 

   two or more times per week 

 

7.  What factors influence your pork purchases? (check all that apply) 
   nutrition 

   flavor 

   texture 

   marbling  

   fat on outside edge of pork cut 

   color 

  price 

  availability 

  convenience 

  Other (specify)        
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Figure 6. Pork chop ballot 
 

PLEASE EVALUATE THE SAMPLES IN THE ORDER THAT THEY ARE LISTED BELOW! 
 

CONSUMER PORK CHOP BALLOT 

 
Instructions:  Please take a sip of water before beginning this test and between samples.  Using crackers is optional.  Answer all questions  

for each sample before proceeding to the next sample. 

 

Sample      
 

Overall Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9  
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Flavor Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9 
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Texture Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9 
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Now rate the intensity of the following two attributes: 

Juiciness: 

  | | | | | | | | | 

  0 1 2 3 4 5 6 7 8 
extremely dry                       very juicy 

 Tenderness: 

  | | | | | | | | | 

  0 1 2 3 4 5 6 7 8 
extremely tough       extremely tender 

 

Sample      
 

Overall Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9  
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Flavor Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9 
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Texture Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9 
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Now rate the intensity of the following two attributes: 

Juiciness: 

  | | | | | | | | | 

  0 1 2 3 4 5 6 7 8 
extremely dry                       very juicy 

 Tenderness: 

  | | | | | | | | | 

  0 1 2 3 4 5 6 7 8 
extremely tough       extremely tender 
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Sample      
 

Overall Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9  
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Flavor Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9 
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Texture Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9 
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Now rate the intensity of the following two attributes: 

Juiciness: 

  | | | | | | | | | 

  0 1 2 3 4 5 6 7 8 
extremely dry                       very juicy 

 Tenderness: 

  | | | | | | | | | 

  0 1 2 3 4 5 6 7 8 
extremely tough       extremely tender 

Sample      
 

Overall Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9  
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Flavor Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9 
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Texture Liking: 

  | | | | | | | | | 

  1 2 3 4 5 6 7 8 9 
dislike                neither like     like 

                  extremely                                                    nor dislike                                                           extremely 

Now rate the intensity of the following two attributes: 

Juiciness: 

  | | | | | | | | | 

  0 1 2 3 4 5 6 7 8 
extremely dry                       very juicy 

 Tenderness: 

  | | | | | | | | | 

  0 1 2 3 4 5 6 7 8 
extremely tough       extremely tender 

 

Last, please rank the four samples in order (1 = favorite to 4 = least favorite) 

  

416_________ 792__________ 150__________ 307__________ 

 

Thank You! 
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Table 1. Effect of genetic sample, feeding program and sex on growth performance 

 Genetic sample   

 1980 2005   

 Feeding program   

 1980 2005 1980 2005 P-value  

 Sex     

Trait B G B G B G B G Sex
1
 GS*Sex

2
 FP*Sex

2
 GF*FP*Sex

2
 

Pooled 

SEM 

On-test to nursery 

ADG, g 496 463 553 516 436 434 574 513 0.91 0.92 0.34 0.43 23 

ADFI, g 985 890 882 883 812 811 877 783 <0.01 0.99 0.98 0.15 45 

G:F 0.506 0.523 0.627 0.587 0.538 0.536 0.655 0.656 <0.01 0.59 0.21 0.17 0.015 

Nursery to slaughter 

ADG, g 897 809 965 864 961 890 1078 1006 0.95 0.43 0.82 0.82 21 

ADFI, g 2831 2532 2535 2240 2736 2444 2606 2315 <0.01 0.95 0.98 0.99 70 

G:F 0.317 0.319 0.381 0.386 0.351 0.367 0.414 0.435 <0.01 0.12 0.68 0.85 0.007 

On-test to slaughter 

ADG, g 784 719 842 760 811 765 914 856 <0.01 0.39 0.55 0.93 17 

ADFI, g 2312 2104 2040 1838 2186 1997 2047 1846 <0.01 0.89 0.96 0.90 51 

G:F 0.339 0.342 0.413 0.414 0.371 0.386 0.447 0.464 0.05 0.12 0.99 0.81 0.006 

Slaughter 

Slaughter age, d 173.0 182.3 162.6 175.0 166.6 173.6 150.6 158.6 <0.01 0.41 0.61 0.79 2.82 

Slaughter wt, kg 119.6 117.3 119.2 118.5 120.0 118.4 120.1 118.6 0.04 0.98 0.55 0.60 1.036 
1
 P-values from final model; GS + FP + sex + farrowing group + GS*FP 

2 
P-values from complete model; GS + FP + sex + farrowing group + GS*FP + GS*sex + FP*sex + GS*FP*sex 
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Table 2. Effects of genetic sample, feeding program and sex on real-time ultrasound backfat and longissimus dorsi muscle area 

 Genetic sample  

 1980 2005  

 Feeding program 

 

 

 1980 2005 1980 2005 P-value  

 Sex     

Trait B G B G B G B G Sex
1
 GS*Sex

2
 FP*Sex

2
 GF*FP*Sex

2
 

Pooled 

SEM 

At 45 kg BW 

RTU
3
 BF, cm  1.20 1.16 1.35 1.22 0.99 1.01 1.10 0.97 0.08 0.70 0.15 0.73 0.06 

RTU
3
 LMA

4
, cm

2
 17.43 18.51 19.11 19.79 17.92 18.48 20.20 20.56 0.14 0.65 0.74 0.91 0.65 

At 70 kg BW 

RTU
3
 BF, cm 1.83 1.74 1.88 1.75 1.48 1.42 1.59 1.43 0.06 0.98 0.56 0.85 0.08 

RTU
3
 LMA

4
, cm

2
 25.40 27.01 27.57 29.03 26.86 27.71 29.51 32.02 <0.01 0.87 0.41 0.33 0.65 

At 95 kg BW 

RTU
3
 BF, cm 2.45 2.22 2.73 2.31 2.02 1.84 2.14 1.92 <0.01 0.47 0.50 0.66 0.12 

RTU
3
 LMA

4
, cm

2
 33.54 35.10 35.43 37.44 35.41 37.97 38.49 41.96 <0.01 0.31 0.57 0.84 0.84 

1
 P-values from final model; GS + FP + sex + farrowing group + GS*FP 

2 
P-values from complete model; GS + FP + sex + farrowing group GS*FP + GS*sex + FP*sex + GS*FP*sex 

3 
RTU: real-time ultrasound 

4
 LMA: longissimus dorsi area 
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Table 3. Effects of genetic sample, feeding program and sex on lean growth performance 

 Genetic sample      

 1980 2005   

 Feeding program   

 1980 2005 1980 2005 P-value  

 Sex     

Trait B G B G B G B G Sex
1
 GS*Sex

2
 FP*Sex

2
 GF*FP*Sex

2
 

Pooled 

SEM 

Lean gain, on-test to slaughter 

Lean ADG, k 233 233 251 248 264 267 312 310 0.91 0.85 0.70 0.90 7 

ADFI, k 3312 2104 2040 1838 2186 1991 2047 1846 <0.01 0.89 0.96 0.90 52 

Lean G:F 0.101 0.111 0.123 0.135 0.121 0.135 0.152 0.168 <0.01 0.45 0.68 0.93 0.004 

Lean gain, first scan to slaughter 

Lean ADG, k 245 251 249 251 319 307 331 338 0.94 0.67 0.63 0.45 11 

ADFI, g 3069 2697 2733 2361 3033 2633 2852 2525 <0.01 0.94 0.75 0.75 80 

Lean G:F 0.080 0.093 0.091 0.107 0.105 0.118 0.116 0.135 <0.01 0.82 0.53 0.85 0.005 
1
 P-values from final model; GS + FP + sex + farrowing group + GS*FP 

2 
P-values from complete model; GS + FP + sex + farrowing group + GS*FP + GS*ex + FP*sex + GS*FP*sex 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 141 

Table 4. Effect of genetic sample, feeding program and sex on leg structure/mobility 

 Genetic sample      

 1980 2005   

 Feeding program   

 1980 2005 1980 2005 P-value
1
  

 Sex  

Trait B G B G B G B G Sex GS*Sex FP*Sex GF*FP*Sex 

Pooled 

SEM 

Front front
2
  1.82 1.88 1.79 1.92 1.94 1.86 1.77 1.87 0.14 0.24 0.25 0.37 0.05 

Front side
23

 3.05 3.48 3.26 3.65 3.10 3.16 3.31 3.01 0.07 <0.01 0.21 0.35 0.12 

Rear side
2
 3.53 3.54 3.25 3.54 3.29 3.24 3.36 3.35 0.45 0.15 0.21 0.34 0.09 

Rear rear
24

 1.26 1.44 1.56 1.34 1.35 1.49 1.40 1.43 0.39 0.22 <0.01 0.07 0.06 

Mobility
2
 3.75 3.71 3.65 3.70 3.33 3.36 3.62 3.51 0.62 0.57 0.74 0.19 0.06 

1
 P-values from final model unless not included in final model then p-values are from complete model; complete model: GS + FP + sex + farrowing group + 

GS*FP + GS*sex + FP*sex + GS*FP*sex   
2
 Final model: GS + FP + sex + farrowing group + evaluator + GS*FP  

3
 Final model: GS + FP + sex + farrowing group + evaluator + GS*FP + GS*sex 

4
 Final model: GS + FP + sex + farrowing group + evaluator + GS*FP + FP*sex  
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Table 5. Effect of genetic sample, feeding program and sex on carcass measurements 

 Genetic sample      

 1980 2005   

 Feeding program   

 1980 2005 1980 2005 P-value
1
  

 Sex  

Trait B G B G B G B G Sex GS*Sex FP*Sex GF*FP*Sex 

Pooled 

SEM 

Carcass length, cm 
23

 85.71 88.24 84.33 85.82 85.91 87.95 84.62 85.11 <0.01 0.31 0.09 0.73 0.57 

Dressing percent 
23

 71.84 74.20 73.04 74.16 71.74 72.90 73.49 74.09 <0.01 0.21 0.19 0.61 0.52 

Hot carcass wt, kg 
23

 84.82 85.04 86.52 87.79 85.48 85.34 88.29 87.75 0.87 0.44 0.82 0.61 1.10 

LMA
5
, cm

2 23
 36.58 37.12 38.64 41.18 41.62 44.07 47.79 50.89 0.01 0.42 0.40 0.67 1.20 

Backfat depth 

10
th

 rib, cm 
23

 3.39 2.96 3.62 3.01 2.68 2.32 2.62 2.21 <0.01 0.45 0.51 0.74 0.13 

1
st
 rib, cm 

23
 4.16 3.89 4.49 4.15 4.04 3.42 4.36 3.81 <0.01 0.22 0.88 0.86 0.15 

last rib, cm 
23

 3.00 2.78 3.31 2.84 2.91 2.53 3.02 2.83 <0.01 0.69 0.85 0.14 0.11 

last lumbar, cm 
24

 2.63 2.48 2.78 2.48 2.31 2.23 2.42 2.48 0.07 0.05 0.99 0.21 0.09 
1
 P-values are taken from final model; if not included in final model then P-values are taken from complete model 

2 
Complete model: GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex + FP*sex + GS*FP*sex  

3
 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP  

4
 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex  

5
 LMA: longissimus dorsi muscle area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 143 

Table 6. Effect of genetic sample, feeding program and sex on trimmed belly measurements 

 Genetic sample      

 1980 2005   

 Feeding program   

 1980 2005 1980 2005 P-value  

 Sex  

Trait B G B G B G B G Sex
1
 GS*Sex

2
 FP*Sex

2
 GF*FP*Sex

2
 

Pooled 

SEM 

Belly thickness 

Loin edge, cm 4.30 3.69 4.86 4.01 4.34 3.89 4.78 3.92 <0.01 0.74 0.18 0.74 0.19 

Teat edge, cm 3.33 3.16 3.58 3.49 3.32 3.50 3.62 3.65 0.96 0.36 0.89 0.67 0.21 

Ham end, cm 3.58 3.67 3.76 3.71 3.67 3.63 4.01 3.75 0.71 0.65 0.62 0.92 0.29 

Shoulder end, cm 5.05 4.79 4.66 4.85 5.50 5.03 4.76 4.74 0.42 0.55 0.21 0.99 0.27 

              

Belly stick
3
, cm 35.10 31.64 25.43 17.02 30.12 25.42 19.77 18.59 <0.01 0.24 0.78 0.11 2.00 

Belly length, cm 53.80 52.76 53.50 52.22 53.60 52.31 52.68 52.18 0.09 0.80 0.80 0.62 0.83 
1
 P-values taken from final model; GS + FP + sex + farrowing group + slaughter week + GS*FP 

2 
P-values taken from complete model; GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex + FP*sex + GS*FP*sex 

3
 Belly stick test is a measure of belly firmness; higher value = more firm belly  
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Table 7. Effect of genetic sample, feeding program and sex on fatty acid composition of subcutaneous adipose tissue taken from pork 

loins 

 Genetic sample      

 1980 2005   

 Feeding program   

 1980 2005 1980 2005 P-value  

 Sex  

Trait B G B G B G B G Sex
1
 GS*Sex

2
 FP*Sex

2
 GF*FP*Sex

2
 

Pooled 

SEM 

Palmitic acid; 16:0 24.22 24.53 22.08 21.38 23.56 23.57 21.31 21.05 0.61 0.90 0.26 0.51 0.43 

Palmitoleic acid; 16:1 2.19 2.11 1.97 1.89 2.07 1.98 1.98 1.90 0.32 0.97 0.97 0.96 0.12 

Stearic acid; 18:0  14.57 15.19 12.88 13.16 14.42 14.77 12.85 12.74 0.37 0.52 0.45 0.93 0.40 

Oleic acid; 18:1 44.27 45.15 43.28 43.47 43.71 43.34 42.29 42.10 0.91 0.34 0.78 0.61 0.66 

Linoleic acid; 18:2 10.61 9.23 15.30 15.66 11.86 12.08 17.33 18.17 0.88 0.37 0.32 0.64 0.91 

              

Total SFA
3
 40.76 41.70 36.62 36.16 39.94 40.33 35.71 35.21 0.89 0.74 0.21 0.77 0.69 

Total PUFA
4
 11.38 9.74 16.58 16.92 12.76 12.95 18.83 19.71 0.95 0.35 0.30 0.62 0.99 

SFA:PUFA
34

 3.78 4.27 2.24 2.34 3.38 3.26 1.99 1.93 0.71 0.20 0.58 0.46 0.24 

CIV
5
 60.10 58.08 67.78 68.47 61.87 61.77 70.81 72.03 0.95 0.45 0.23 0.68 1.28 

1
 P-values taken from final model; GS + FP + sex + farrowing group + slaughter week + GS*FP 

2 
P-values taken from complete model; GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex + FP*sex + GS*FP*sex 

3
 SFA: saturated fatty acids   

4
 PUFA: polyunsaturated fatty acids 

 
 

5
 CIV: calculated iodine value 
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Table 8. Effect of genetic sample, feeding program and sex on pork quality of the longissimus dorsi muscle 

 Genetic sample      

 1980 2005   

 Feeding program   

 1980 2005 1980 2005 P-value
1
  

 Sex  

 B G B G B G B G Sex GS*Sex FP*Sex GF*FP*Sex 

Pooled 

SEM 

pH at 45 min
2
 6.29 6.29 6.05 6.21 6.31 6.28 6.01 6.18 0.21 0.70 0.08 0.80 0.08 

pH at 24 h
2 
 5.67 5.71 5.63 5.69 5.74 5.75 5.54 5.66 0.19 0.87 0.44 0.59 0.06 

L*
3
 52.93 53.39 54.01 50.72 52.95 53.54 52.77 52.13 0.23 0.12 <0.01 0.16 0.70 

a*
2
 9.34 9.42 9.55 9.23 9.92 10.16 9.01 8.86 0.94 0.79 0.53 1.00 0.48 

b*
2
 6.54 6.29 6.85 5.79 6.67 6.78 6.44 6.08 0.15 0.20 0.13 0.69 0.32 

Color score
24

 2.33 2.29 1.99 2.33 2.59 2.53 2.45 2.29 0.97 0.30 0.56 0.34 0.19 

Firmness score
24

 2.56 2.44 2.25 2.34 2.73 2.59 2.43 2.39 0.61 0.72 0.43 0.76 0.15 

Wetness score
34

 2.45 2.67 2.45 2.37 2.50 2.62 2.78 2.38 0.64 0.25 0.03 0.53 0.15 

Marbling score
24

 1.75 1.67 1.47 1.38 2.68 2.97 1.92 1.56 0.78 0.85 0.26 0.28 0.23 

Lipid Content, %
2
 4.30 4.05 3.48 2.53 6.24 6.15 3.90 2.95 0.13 0.89 0.22 0.90 0.49 

Drip loss, %
3
 2.62 3.11 3.96 3.14 2.10 2.25 3.07 2.62 0.54 0.97 0.05 0.46 0.38 

WBS
5
, kg

2
 3.02 2.94 2.69 2.91 2.85 2.95 2.85 3.28 0.37 0.34 0.14 0.94 0.16 

1 
P-values from final model unless not included in final model then p-values are from complete model; complete model: GS + FP + sex + farrowing group + 

slaughter week + GS*FP + GS*sex + FP*sex + GS*FP*sex    
2
 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP     

3 
Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + FP*sex

 
 

4
 Scored on the following scales (NPPC, 2000): color score (1 to 6) 1 = pale pinkish gray to white and 6 = darkish purple red; firmness score (1 to 3) 1 = soft and 

3 = very firm; wetness score (1 to 3) 1 = exudative and 3 = dry; marbling score (1 to 10) 1 = 1% intramuscular fat and 10 = 10% intramuscular fat 
 

5
 WBS: Warner-Bratzler shear force test; measured in kg of force; lower value = more tenderness  
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Table 9. Effect of genetic sample, feeding program and sex on pork quality of the ham 

 Genetic sample      

 1980 2005   

 Feeding program   

 1980 2005 1980 2005 P-value
1
  

 Sex  

 B G B G B G B G Sex GS*Sex FP*Sex GF*FP*Sex 

Pooled 

SEM 

pH at 45 min
4
 5.86 6.05 5.86 5.92 5.93 5.81 6.05 5.90 0.97 0.02 0.49 0.70 0.09 

pH at 24 h
2 
 5.80 5.86 5.65 5.79 5.86 5.94 5.59 5.78 0.03 0.76 0.37 0.93 0.08 

L*
3
 50.84 50.10 53.13 47.89 50.02 49.70 51.79 48.76 <0.01 0.31 <0.01 0.50 1.02 

a*
2
 11.29 10.76 11.87 11.31 10.95 10.41 10.21 10.27 0.28 0.63 0.64 0.61 0.48 

b*
2
 4.47 3.75 5.35 3.92 3.90 3.16 4.25 3.09 <0.01 0.78 0.20 0.74 0.33 

Color score
25

 2.92 2.57 2.44 3.00 2.72 3.11 2.68 2.62 0.49 0.88 0.54 0.07 0.29 

Firmness score
25

 2.40 1.98 1.88 2.04 2.47 2.34 2.46 2.12 0.27 0.73 0.56 0.22 0.25 

Wetness score
25

 2.04 1.98 1.64 1.89 2.15 2.40 1.84 1.61 0.58 0.72 0.75 0.13 0.20 
1 

P-values from final model unless not included in final model then p-values are from complete model; complete model: GS + FP + sex + farrowing group + 

slaughter week + GS*FP + GS*sex + FP*sex + GS*FP*sex    
2
 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP     

3
 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + FP*sex

 
 

4
 Final model: GS + FP + sex + farrowing group + slaughter week + GS*FP + GS*sex

 

5
 Scored on the following scales (NPPC, 2000): color score (1 to 6) 1 = pale pinkish gray to white and 6 = darkish purple red; firmness score (1 to 3) 1 = soft and 

3 = very firm; wetness score (1 to 3) 1 = exudative and 3 = dry 
 

 

 


