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     This thesis investigated the use of real-time ultrasound for prediction of  belly traits in Canadian 

breeding hogs. Bellies from 17 pigs had the first sixteen 1” strips removed and analysed for fat 

and muscle distributions. Locations with strong correlations to the rest of the belly that were 

suitable for live ultrasound scans were identified as between the 3rd and 4th last ribs halfway down 

the side of the pig and 2-3” below the first location. 323 purebred Duroc and Pietrain gilts were 

live-scanned using the aforementioned locations for depths of subcutaneous fat, cutaneous trunci 

(CT), and belly cut. Multiple regressions adjusted for Weight and Date to predict carcass measures 

from ultrasound measures produced R2 of 0.34, 0.23, and 0.38, for Fat, CT, and Cut, respectively. 

Heritability estimates from univariate models of belly traits were 0.42, 0.16, 0.27, 0.20, 0.21, and 

0.16 for BF, Cut, Sfat1, Scut1, Sfat2, and Scut2, respectively. 
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Chapter 1: Review of Literature 

Belly Markets  

 

 The pork belly primal has historically been one of the higher valued cuts from a hog 

carcass (Fredeen et al., 1975a) despite being the smallest component of the side (Martin et al., 

1981). While only comprising 12-14% of the chilled carcass in 1975, the belly accounted for 15-

18.9% of total carcass value (Fredeen et al., 1975a; Stiffler et al., 1975). North American 

consumption of pork bellies processed into bacon had extensive growth throughout the 1990’s 

(Person et al., 2004) and the value of the belly primal has remained one of the most valuable cuts 

on the carcass. Selection for genetically lean pigs and increases in average slaughter weights 

have resulted in carcasses with 21% heavier loins, 19% heavier hams, but with consistent belly 

weights due to fat comprising a significant proportion of this primal, averaging 70% prior to 

selection for lean hogs (Person et al., 2004). There has been a drastic reduction in the amount of 

fat present in bellies from today’s pigs resulting in bellies that are close to 50% lean (Person et 

al., 2004; Correa et al., 2007; Bahelka et al., 2011; Soladoye et al., 2015). While other cuts on 

the hog have large portions of lean from big muscles, the belly is made up of numerous small, 

thin muscles whose functions would not require much of an increase in size from lean selection. 

In the past, the loin primal was often recognized as being the main economic driver of the pork 

carcass. However, in recent years, the loin has decreased in value to become only the 3rd or 4th 

most valuable cut giving way to the ribs, the belly, and the butt (Zhang et al., 2016; USDA, 

2018). According to United States Department of Agriculture (USDA) data on wholesale pork 

primal values, belly primals have ranged from 11.9-33.7% of total carcass value over the last 5 

years, averaging 21.9% (USDA, 2018). Over the same time period, ribs and belly combined have 

made up 34.3-54.3% of carcass value, averaging 45.6% (USDA, 2018). Figure 1 demonstrates 

the percentage of daily total carcass value each primal accounts for. Primals are organized based 

on cumulative value over the 5 years displayed.  

 

With an influx of Asian cultures into North America, there is potential for belly markets 

to grow with increased demand for green or uncured bellies. Many Asian cultures use green 

bellies for BBQ, stir-fry meals, or as a slow-cooked oven roast (Uttaro and Zawadski, 2010; 

Zhang et al., 2016). Based on Canadian census data, Asian ethnicities made up 60% of the 

immigrant population between the years of 2001-2005; this decreased to 56.9% of the immigrant 

population between the years of 2006-2011 (Statscan, 2011). In comparison, Asian-born 

immigrants prior to the 1970’s only made up 8.5% of the immigrant population (Statscan, 2011). 

The Canadian export market also remains strong for both fresh and processed meats. Total 

exports of pork products (including fresh, chilled, frozen, offal, fat, and processed) have 

increased from 433,023 tonnes in 1998 to 1,249,045 tonnes in 2016 corresponding with export 

values of $1,118,737 CDN in 1998 to $3,825,476 CDN in 2016 (CPI, 2017). The United States 

remains Canada’s largest export market both for value and quantity (CPI, 2017). China, 

Canada’s second largest export market imports more offal than the United States while Japan, 

Canada’s third largest export market, imports more fat than the United States (CPI, 2017). 
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Figure 1: Daily USDA estimated wholesale pork primal values displayed as primal 

percentage of total carcass value on a given day. Primals are organized from top to bottom 

based on the cumulative value of the primal over the period displayed. Rib and belly 

primals tend to make up 40-50% of total primal value. Data was retrieved from the USDA 

and encompasses values from January 7, 2013 until January 29, 2018. 

Changes in primal values and domestic and export markets for Canadian pork production 

and more specifically, belly primals call for a re-evaluation of genetic selection programs as they 

relate to carcass traits. Current live animal selection programs focus solely on loin primal 

measurements to evaluate an animal’s carcass composition and whether it will be useful in a 

breeding program. 

Carcass composition and meat quality 

There are many factors that influence the carcass composition and meat quality of a hog 

such as genetic background, sex, nutrition, rearing system, transportation, slaughter weight, and 

slaughter procedures. Carcass composition refers to the makeup of the carcass, the weight of the 

offals, sundries (feet, tails, hocks, etc.), trimmings, and the major primal cuts (CPI, 2011). There 

are four primal cuts on a side of pork: belly, loin, shoulder and rump, which make up 

approximately 80.9% of the cold dressed carcass yield (CPI, 2011). These primal cuts determine 

the majority of a given carcass’ market value.  The four major primals are typically subdivided 

into belly, spare ribs, loin, tenderloin, back ribs, butt, picnic, and ham before being marketed as 
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primals (CPI, 2011). Pork quality is a combination of colour, firmness, structure, marbling, and 

fatness (Kemp et al., 1969). 

 

Carcass grading for swine became a mandatory component of slaughter in Canada in 1944 

(Martin et al., 1981). In 1968, an index system was introduced consisting of 9 carcass weight 

classes with intervals of 10 lbs, 14 fat classes based on the sum of two maximum subcutaneous 

fat depth measurements from the loin and shoulder with 5 mm intervals, and a median index cell 

of 100 (Martin et al., 1981). Adjustments to the fat and weight classes were made in 1978 due to 

an increase in average index to 102 as a result of selection for leaner hogs (Martin et al., 1981).  

 

Average hot carcass weights have increased steadily over the past few decades from 79.3 

kg in 1990 to 100.8 kg in 2016 (CPI, 2017). Greater production and processing efficiencies can 

be realized from genetically leaner hogs by increasing slaughter weights (Martin et al., 1981; 

Zhang et al., 2016); heavier carcasses have higher dressing percentages meaning more saleable 

product per animal raised (Cisneros et al., 1996). However, in hog production, there is a balance; 

feed costs represent approximately 70% of the total costs associated with hog production (Zhang 

et al., 2016). Keeping a pig for a longer period of time with declining feed efficiency to reach a 

heavier weight can reduce production efficiencies (Zhang et al., 2016). Fat deposition happens 

close to maturity and is a less efficient tissue to produce, resulting in reductions in both feed 

conversion and average daily gain (Zhang et al., 2016). For producers, growth to a heavier 

slaughter weight can be more efficient if pigs are selected to be fast growing and genetically lean 

(Cisneros et al., 1996). The latter authors reported that average daily feed intake and days on test 

increased with increasing slaughter weights; however, there were little overall effects on growth 

rates and feed efficiency between slaughter weights of 100-160 kg. Carcass weight is still an 

important consideration on the processing line as heavier carcasses result in a greater volume of 

end product using similar amounts of labour as processing lighter weight pigs (Martin et al., 

1981; Zhang et al., 2016). 

 

A study conducted by Martin et al. (1981) showed that fat class had very little effect after 

carcass weight had been considered on the weight of a cut, but fat class had a large effect on a 

cut’s proportion in the carcass. Increases in fat class were consistent with increases in belly and 

loin proportions (cuts containing higher levels of fat) and decreases in ham and shoulder 

proportions (Martin et al., 1981). Fat class is the primary source of variation in carcass yield, 

explaining 46.1-61.9% of the variance observed in commercially trimmed product (Fredeen et 

al., 1975a; Martin et al., 1981). Once fat has been considered, there is little benefit to the 

inclusion of weight class (explaining only an additional 0.5-0.7% of the variance) (Fredeen et al., 

1975a; McMillin et al., 1977; Martin et al., 1981). Carcass length increased with increasing 

carcass weight but there is no significant difference in carcass proportions due to slaughter or 

carcass weight (Cisneros et al., 1996).  

 

Heavier carcasses can impact quality traits. Decreases in meat tenderness and negative 

effects on other quality traits such as colour, water holding capacity, and 24 hr pH values have 

been reported with increasing slaughter weights (Cisneros et al., 1996). This was estimated to be 

caused by larger muscle masses taking longer to cool and resulting in meat that is pale, soft and 

exudative which ultimately influences meat tenderness (Cisneros et al., 1996). Despite this study 

reporting paler meat in heavier carcasses, other studies have shown that increases in carcass 
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weight resulted in increased colour intensity, as a result of greater myoglobin and pigment 

concentrations in mature tissues (Estany et al., 2002), increases in backfat thickness  (an 

indicator of total carcass fatness) (Fredeen et al., 1975a; Fredeen, 1980; Martin et al., 1981; 

Cisneros et al., 1996; Zhang et al., 2016; Bahelka et al., 2011), higher marbling scores, and 

firmer fat (Zhang et al., 2016). Intramuscular fat is the last adipose tissue depot to be deposited 

in the carcass and fat firmness is positively correlated with backfat thickness (Zhang et al., 

2016). While improved quality of the pork carcass can result in a higher valued product, it does 

present some challenges with differing consumer perceptions of quality. In the belly, increases in 

carcass quality traits such as colour and intramuscular fat content results in improved slice yield.  

However, they also result in increased belly fatness, which is viewed as a reduction in quality to 

most North American consumers (Kemp et al., 1969). 

 

Breed and sex can also influence growth rate and carcass characteristics. Due mainly to 

selective breeding within terminal lines, some breeds have a slower rate of growth than others. 

For example, Zhang et al. (2016) found that Iberian-sired pigs required 6 additional weeks to 

reach 100 kg live weight when compared to those sired by Duroc or Lacombe pigs. Edwards et 

al. (2006) found that Duroc-sired progeny had a faster growth rate and deposited more fat than 

Pietrain-sired progeny. Durocs may have an advantage in growth rate when compared with other 

breeds since the Canadian herd size is much larger than for Pietrain, Iberian, or Lacombe as 

Durocs are the favoured terminal line breed (CCSI, 2017). Duroc-sired progeny are also longer, 

have more backfat, higher Minolta a* values (indicating meat that is more red), higher marbling 

scores, higher firmness scores, less drip loss, and higher 24 hr pH values than Pietrain-sired 

progeny (Edwards et al., 2003). Pietrain-sired progeny produced carcasses with a higher dressing 

percentage due to increased loin muscle area and had heavier hams and loins while Durocs had 

heavier bellies (Edwards et al., 2003).  

 

The sex of an animal can affect growth rate, carcass composition, and meat quality. Boars 

grow more efficiently than gilts, and gilts grow more efficiently than barrows (Fredeen and 

Martin, 1975). Carcass fatness is directly related to growth efficiency, with more efficient pigs 

depositing less fat (Fredeen and Martin, 1975). However, fast growth in pigs has reduced the 

ratio of saturated fatty acids to unsaturated fatty acids in adipose tissue resulting in softer fats 

(Suzuki et al., 2006). Carcasses that are leaner and higher in unsaturated fatty acids have more 

water and are prone to greater cooler shrink (Cisneros et al., 1996). When compared to gilts and 

barrows, males tend to have shorter carcasses with higher commercial yields along with heavier 

and thicker bellies. (Fredeen, 1980). While sex can be a determinant of growth rate, there can 

also be a sex by genotype interaction that affects the rate of growth (Cisneros et al., 1996). 

 

Selection for certain traits has resulted in indirect breeding effects for some carcass traits. 

Higher testosterone levels have been found to improve the rate of growth and selection for 

increased testicle size; higher testosterone levels can positively impact average daily gain 

(Bender et al., 2006). Higher testosterone levels do not just have a positive effect on intact males 

however; testosterone is a precursor molecule to estrogen such that selection for higher 

testosterone levels also impacts gilts and can improve their rate of growth (Bender et al., 2006). 

Selection for maternal traits has indirect effects on carcass composition and meat quality. 

Selection for increased litter size has resulted in greater proportions of belly and larger 

dimensions in the carcass due to increased space capacity to develop piglets (Estany et al., 2002). 
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However, this has also been associated with an increase in fat content of the belly despite no 

change in backfat, and a reduction in polyunsaturated fatty acids found in intramuscular fat 

(Estany et al., 2002). Selection for increased litter size has resulted in faster maturing pigs with 

higher Minolta a* (redness value) scores, 9.38±0.18 for selected pigs, 8.48±0.39 for control pigs 

(Estany et al., 2002). This was suggested to be consequential of higher myoglobin and pigment 

concentrations in the meat (Estany et al., 2002). Ovulatory rate is another maternal trait selected 

for to try to improve litter sizes and number of piglets born alive. However, genetic and 

phenotypic correlations between belly weight and ovulatory rate are small while those between 

meat quality traits and ovulatory rate are negligible (Rosendo et al., 2010).  

Belly composition 

 

In Canada, there are three cuts made on a side of a hog carcass to separate the four major 

primals. The first is a vertical cut at the shoulder between the second and third ribs to separate 

the shoulder primal, the second is a vertical cut at the ham just a few inches above the hip bone 

to separate the rump, and the third is a horizontal cut approximately half way down the side to 

separate the loin and ribs from the belly and spare ribs (Kauffman, 1965; CPI, 2011; Soladoye et 

al., 2015). Belly primals can be marketed with the skin removed or left on, square trimmed or 

not, ribs included, sheet-ribbed or single-ribbed (popular in Europe and Asia) (CPI, 2011). 

Common applications for the belly primal are fresh side pork, cured and smoked bacon, Shabu 

Shabu or thin slice, and Yakiniku, which is a Japanese barbeque preparation (CPI, 2011). Square 

cutting is a common practice in the production of cured bacon (CPI, 2011). All bones, cartilage, 

and leaf fat are removed before trimming begins (CPI, 2011). Subcutaneous fat is trimmed to 

about ¾” thickness while large areas of fat (3” squared) and snowballs or other imperfections are 

removed (CPI, 2011). The primal is trimmed so that no side exceeds 2” of the opposing side’s 

length (CPI, 2011). 

 

The belly primal is comprised of lean tissue, fat tissue, and bones (spare ribs). It comprises 

9% of the live weight of the hog, and 12-14% of carcass weight (Fredeen et al., 1975a; Stiffler et 

al., 1975). It comprises the smallest portion of the carcass upon initial separation and remains the 

smallest component after commercial trimming. Following removal of bones and excess fat from 

all primals, belly was the heaviest primal on average. This is a result of a very small bone 

component in the belly and very little fat being removed in comparison to other primals (Martin 

et al., 1981). Prior to processing a belly primal into bacon, the ribs are removed while the belly is 

skinned and then squared. Following trimming, the belly is pumped to 110% of its original 

weight with a commercial brine solution using a needle injector. Bellies are then aged overnight 

before smoking. They are then sliced and packaged (CPI, 2011). Since 1972, the USDA has 

required that a clear window showing 70% of a representative slice of bacon be present on the 

package (Smith et al., 1975).  

 

Increases in fat and weight class were associated with increases in weight and yield of the 

belly (Kemp et al., 1969; Fredeen et al., 1975a; McMillin et al., 1977; Fredeen, 1980; Martin et 

al., 1981; Cisneros et al., 1996; Correa et al., 2007; Bahelka et al., 2011; Zhang et al., 2016). 

However, this was accompanied by an increase of fat to lean ratio (Kemp et al., 1969; Stiffler et 

al., 1975; McMillin et al., 1977; Bahelka et al., 2011) resulting in a potential reduction in quality 

(Martin et al., 1981). Studies done prior to 1975 had reported separable belly fat between 52.4-

83.5% of total belly weight and chemical belly fat between 38.8-74.1% of total belly weight 
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(Smith et al., 1975). Since then, selection for genetically leaner pigs has resulted in a 29% 

reduction in average separable fat from the belly, resulting in a more desirable product for 

consumers, but also resulting in some processing challenges. Lower fat content of the belly can 

result in thin, soft bellies with poor quality fats that are difficult to process (McMillin et al., 

1977; Trusell et al., 2011). The Pork Chain Quality Audit in 1992 reported 10% of bellies too 

thin for bacon production (strip width was not acceptable) and an additional 2% that were too 

soft or oily due to undesirable fatty acid composition (Person et al., 2004).  

 

Belly thickness is highly and positively correlated with carcass weight, belly weight, belly 

yield, and fat measurements on the ham and loin (McMillin et al., 1977; Fredeen, 1980). 

Carcasses with thicker backfat have thicker belly primals that produce wider, higher yielding 

bacon strips (Jabaay et al., 1976; McMillin et al., 1977; Brewer et al., 1994). There is conflicting 

evidence about the effect of belly thickness on cooking loss. While % skinning loss has been 

shown to be greater for thinner, leaner bellies, some studies have concluded that cooking loss is 

also greater for thinner bellies (Person et al., 2004). This has been attributed to experimental 

method error from cooking bellies at the same temperature for the same period of time regardless 

of weight or thickness (Person et al., 2004). Other studies have shown that cooking losses are 

greater for thicker bellies which intuitively makes more sense as higher levels of fat are likely to 

result in greater fat render (Brewer et al., 1994). Thin bellies had higher percentages of ends and 

pieces resulting in less desirable bacon slices when processed (McMillin et al., 1977; Person et 

al., 2004). Higher moisture concentrations in thin bellies can result in more evaporative cooling 

during cooking making a desired crispiness harder to achieve and negatively affecting eating 

quality (Person et al., 2004).  

 

Length of the belly cut is positively correlated with carcass weight (Fredeen, 1980), which 

corresponds with carcass length being positively correlated with weight (McMillin et al., 1977; 

Cisneros et al., 1996). Belly length and width have no significant effect on belly thickness 

(McMillin et al., 1977; Brewer et al., 1994; Trusell et al., 2011). While length and width do not 

have any significant effect on belly firmness, thickness is positively correlated with belly flop 

scores, a common test done to assess the firmness of a belly (Trusell et al., 2011). 

 

The distribution of fat and lean in a belly is a major determining factor for the slice yield 

and slice quality (Fredeen and Martin, 1975). Previous work has been done to try to understand 

muscle and fat distribution in the belly. Despite extensive variation between bellies for fat to lean 

ratio, there is very little variation in distribution or positioning of fat and lean between bellies; in 

contrast, the within belly variation for fat and lean distribution is very high (Fredeen et al., 

1975b; McMillin et al., 1977). Although some studies have shown that despite the large 

variability in muscle distribution throughout the carcass, measurements of fat and lean from one 

section of the belly are a good indicator of fat and lean in other carcass sections (Fredeen et al., 

1975b). The cranial and caudal ends contain the greatest percentage of lean and also the greatest 

variability in percentage lean (Fredeen et al., 1975b; Stiffler et al., 1975; Jabaay et al., 1976; 

McMillin et al., 1977; Trusell et al., 2011). The belly is the widest and also the thinnest about 

half way between cranial and caudal ends (Fredeen et al., 1975b; McMillin et al., 1977; Uttaro 

and Zawadski, 2010; Trusell et al., 2011). This area is often referred to as the belly pocket; it 

also contains the lowest percentage lean in the belly (Fredeen et al., 1975b; Stiffler et al., 1975; 

McMillin et al., 1977; Uttaro 
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and Zawadski, 2010). Heaver bellies, which are higher in fat and thicker, tend to have more 

uniform thickness and provide higher slicing yields and larger numbers of high quality slices 

(Fredeen et al., 1975b). Correlations between backfat with maximum belly depth, minimum belly 

depth, and lean to fat ratios at maximum and minimum belly depth ranged from low (-0.01) to 

moderate (0.55) (Fredeen et al., 1975). Correlations between carcass weight with maximum belly 

depth and minimum belly depth ranged from low (0.01) to moderate (0.56) (Fredeen et al., 

1975). Correlations between carcass weight with lean to fat ratios at maximum and minimum 

belly depth were low (<-0.22) (Fredeen et al., 1975). 

 

The main muscles present in the belly primal are muscles of the abdomen (obliquus 

externus abdominus, obliquus internus abdominus, quadratus lumborum, rectus abdominus, and 

transverse abdominus), the cutaneous trunci, and the latissiums dorsi (Figure 2; Figure 6) 

(Kauffman and St. Clair, 1965; Soladoye et al., 2015). Parts of other muscles may also be 

present depending on cutting and trimming procedures.  

 

Muscles in the abdomen function to contract the ribs and extend the vertebral column 

mainly for breathing (Kauffman 

and St. Clair, 1965). These 

muscles are working constantly 

and require oxygen for aerobic 

respiration so that their energy 

stores are not depleted. The 

cutaneous trunci muscle 

belongs to a group of muscles 

located between layers of 

subcutaneous fat (Soladoye et 

al., 2015) that function to move 

the skin, mainly for twitching 

to get rid of flies or other pests (Kauffman and St. Clair, 1965). These muscles contract very 

quickly and for short periods of time and do not require a lot of oxygen to function as they are 

undergoing anaerobic respiration (Aberle et al., 2012).  Some muscle fibres contain myoglobin, 

an iron-containing compound that gives muscle fibres a red appearance in order to store oxygen 

for respiration (Aberle et al., 2012). Muscle fibres that do not contain extensive amounts of 

myoglobin are called white muscle fibres (Aberle et al., 2012). Higher concentrations of red 

muscle fibres give the muscle a brighter red appearance due to increased concentrations of 

myoglobin reflecting more red light (Aberle et al., 2012). The concentration of red muscle fibres 

is much lower for the cutaneous trunci than it is for the abdominal muscles resulting in a 

noticeable difference in colour for these two muscles.  

 

The abdominal muscles together cover the whole length of the belly while the cutaneous 

trunci muscle stretches over most of the length and width of the belly. The longissiums dorsi 

muscle is only present in the first third of the belly but it is still an important contributor to the 

total lean content of the belly primal (Soladoye et al., 2015).  

 

The cutaneous trunci increases in thickness and width from the cranial end through the 

center with higher distribution scores for streak development and more marbling being present 

Figure 2: Cranial view of a pork belly indicating major 

structures. 
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around the centre of the belly primal (Jabaay et al., 1976). The muscle width and depth begin to 

decrease at the midpoint towards the caudal end of the cut (Jabaay et al., 1976). The distribution 

of the cutaneous trunci from the dorsal to ventral ends relates to cooking distortion. Strips closer 

to the cranial and caudal ends have higher cooking distortion due to the uneven lean distribution, 

while strips from the centre positions tend to remain uniform while cooking (Jabaay et al., 1976; 

McMillin et al., 1977). 

 

Increases in fat and weight class of the carcass results in heavier bellies with higher fat 

percentages. Fatty acid composition of adipose tissue is thought to be the main influence on fat 

tissue consistency since the other two components, water and structural tissue, make up less than 

20% and 5%, respectively of the belly (Enser et al., 1983). Water differences between pigs have 

little to no effect on consistency, while the dry matter content may influence belly consistency 

(Enser et al., 1983).  

 

Selection for leaner hogs has a large impact on the belly primal; reducing the thickness 

and fatness of the belly has resulted in a change in the fatty acid composition of the belly with a 

greater ratio of unsaturated fatty acids to saturated fatty acids (Enser et al., 1983; Correa et al., 

2007). Almost all (99%) of the total fatty acid composition in lipids is made up of 3 saturated 

and 3 unsaturated fatty acids (Enser et al., 1983). Oleic acid, an unsaturated fatty acid, comprises 

over 40% of pig adipose tissue. It is not, however, highly correlated with backfat softness, while 

the concentration of linoleic acid, another unsaturated fatty acid, has the highest correlation with 

fat firmness of any fatty acid (Enser et al., 1983). The concentrations of linoleic acid in backfat is 

inversely related to backfat thickness, meaning that selection for leaner hogs has increased the 

concentration of linoleic acid and as a result decreased the firmness of fats in the carcass (Eggert 

et al., 2001). While linoleic acid concentrations can provide a good estimate of fat firmness, the 

ratio between stearic acid to linoleic acid has been shown to provide a better estimate of fat 

firmness (Enser et al., 1983). Taking into consideration the most abundant unsaturated and 

saturated fatty acids in the belly provides a better predictor of the ratio of both types of fatty acid. 

 

Fat firmness affects product processing, quality, and nutritional aspects. Harder fats are 

more desirable in meat processing as soft fats can cause fabrication inefficiencies and 

compromise the firmness of the end product (Zhang et al., 2016). There are a variety of methods 

that can be used to assess the firmness of fat in the belly. These include visual appraisal, finger 

tests, belly flop tests, fatty acid analysis, iodine value test (based on fatty acid unsaturation), 

mechanical compression, puncture testing, and texture profile analysis (Seman et al., 2013). The 

main challenge that presents itself when trying to assess belly firmness is trying to find an 

approach that is both non-invasive and objective. For example, the iodine value test is based on 

the presence of unsaturated fatty acids; this test requires grinding of the belly, making it 

unsalable and unfit for a commercial production system. High fat firmness scores are positively 

correlated with thicker bellies (Seman et al., 2013). This is of key importance to the bacon 

processing industry. Bellies with low fat scores produce low slice yields (Seman et al., 2013) due 

to damaged or distorted slices, higher percentages of lower quality slices, and higher percentages 

of ends and pieces (Brown et al., 2003). 

 

One of the main challenges with assessing slice quality using a subjective scale based on 

two factors, leannesss and uniformity, is the resulting high variability of fatness when priority is 
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given to strip uniformity over leanness (Kemp et al., 1969). In order for an uncured belly to be 

processed into bacon, it needs to have the potential to produce enough quality product to justify 

processing costs (Fredeen, 1980). Slice yield is affected by fat quality, weight, workmanship, fat 

to lean ratio, dimensions, and slice parameters (Seman et al., 2013). Fatter bellies have higher 

percentages of slices with lower lean to fat ratios and poor distribution when compared to thinner 

bellies (Smith et al., 1975; McMillin et al., 1977). With this in mind however, the total saleable 

product from a thin belly is reduced with increased lean to fat ratio because of decreases in 

weight and thickness, as well as processing inefficiencies (Brewer et al., 1994). After further 

processing, bacon is sorted and packaged according to visual appraisal of lean content and lean 

distribution (Fredeen, 1980). Slice integrity, appearance, uniformity, and colour are all positively 

correlated with increased belly thickness while lean to fat ratio is negatively correlated with belly 

thickness and positively correlated with higher drip loss (Brewer et al., 1994). 

 

Processing methods can influence the firmness of the fat. Blast chilling reduces the size 

of fat crystals and darkens the meat colour resulting in a more desirable product than 

conventional chilling (Zhang et al., 2016). High speed slicing produces 800-1400 slices per 

minute; this is a common processing practice in North America due to the high throughput 

required to meet demand for processed bacon (Brown et al., 2003). It requires bacon tempering, 

cooling of the belly to a semi-frozen state, in order to reduce mechanical problems with 

machines, separation of fat from lean, and distortion of the bacon slice (Brown et al., 2003). 

Even distribution of temperature throughout the belly is key to success; bellies that are too cold 

are prone to shattering and bellies that are too warm may be distorted (Brown et al., 2003). 

Optimum temperature depends on salt content, maturation time, type of slicer and slice speed 

(Brown et al., 2003). The time required for tempering is dependent on the salt content, cut 

thickness, and weight (Brown et al., 2003). While tempering of bellies helps to solve the issue of 

processing difficulties with soft fat bellies, having more consistency in the belly market would 

make calculating appropriate times and temperatures for slicing much easier (Brown et al., 

2003).  

 

Despite technology overcoming the processing challenges associated with soft fats, it 

does not address the quality factor. Soft fats tend to have an off-white colour and oily appearance 

and can develop rancid or off-flavours reducing shelf-life, making them undesirable to 

consumers (Zhang et al., 2016; Suzuki et al., 2006; Seman et al., 2013; Correa et al., 2007). 

However, composition and the potential health benefits of softer fats is what appeals to 

consumers (Correa et al., 2007). Fatty acid composition and the melting points of different fatty 

acids play a big role in determining fat firmness (Suzuki et al., 2006). Saturated fatty acids have 

higher melting points than unsaturated fatty acids meaning that fats comprised of higher 

concentrations of unsaturated fatty acids will be softer at equal temperatures compared to fats 

comprised of higher concentrations of saturated fatty acids (Suzuki et al., 2006). 

Belly Quality 

  

North American consumer preference studies as far back as 1973 have cited fat to lean 

ratio as a major visual assessment for bacon purchasing (Stiffler et al., 1975). Consumers of pork 

in the 70’s and 80’s considered bacon strips with less than 30% lean unacceptable (Jabaay et al., 

1976), while today’s consumers consider bacon strips with less than 50% lean unacceptable 

(Smith et al., 1975; Bahelka et al., 2011). Other factors that influence a consumer’s decision 
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when purchasing bacon include the distribution of lean, the colour of lean, and integrity of the 

slice (Brewer et al., 1994). However, these factors seem to be of little importance to consumers 

after fat to lean ratio has been considered (Jabaay et al., 1976).  

  

It is also important to consider preferences of uncured belly consumers as they relate to 

Canada’s export markets, and the potential growth in the domestic market due to the influx of 

Asian cultures into North America. A study done by Vonada et al. (2000) examined South 

Korean consumers’ preference for green bacon rashers. They found that ideal bellies were of 

medium thickness and weight with heavier, thicker bellies being preferred over lighter and 

thinner ones; these consumers also wanted muscle colour that was red and bright, not dark or 

pale, with moderate amounts of seam fat. While North American consumers seem to prefer as 

little fat as possible in their bacon despite the loss in quality (Smith et al., 1975), Asian 

consumers tend to want a moderate level of fat. 

  

While most North American consumers prefer a reduction in fat in bacon, too little fat 

can have negative impacts on processing characteristics of commercial bacon, reducing the 

efficiency of processing bellies into bacons. As previously mentioned, there have been 

reductions in processing efficiencies and product yields realized from extreme reductions in belly 

fat. However with improved processing equipment and slicing technology, the packing industry 

has been able to address some processing inefficiencies that arise from thin, soft bellies 

(Soladoye et al., 2015). This does not however make up for the loss in belly yield, which affects 

the overall value of the carcass. 

Canadian swine improvement 

 

The Canadian swine industry is based on a pyramid structure-breeding program (Figure 

3).  

 

The top of the pyramid is the nucleus, which consists of purebred animals that are 

intensely selected for economically important traits. The three major nucleus breeds in Canada 

are Yorkshire or Large White, Landrace, and Duroc (Chesnais and Sullivan, 2002; CCSI, 2017). 

The Canadian Swine Improvement Program (CSIP) generates index values for breeding animals 

based on two selection indexes; one index for the maternal or dam line (Yorkshire and Landrace) 

and one for the paternal or sire line (Duroc) (Chesnais, 1996; Chesnais and Sullivan, 2002). The 

sire line index is a terminal line, meaning that once the semen is crossed into a commercial 

setting, all of the offspring will be sent to market (they are terminal). Since none of these 

commercial animals will be held back for breeding purposes in the barn, the reproductive 

performance of these animals is irrelevant. The sire line does not include any maternal traits; 

only growth performance and carcass traits such as age at 100 kg body weight, feed conversion 

ratio, backfat, lean depth, loin eye area, and lean yield are considered (CCSI, 2017). The dam 

line index is used for two breeds, Yorkshire and Landrace. Half of the index is made up of the 

sire line traits and the other half is made up of reproductive and fertility traits such as number of 

piglets born, number of piglets born alive, perinatal survival, number weaned, farrowing interval, 

number of functional teats, and birth weight uniformity (CCSI, 2017). A sire line component is 

included in the dam line index since commercial hogs still receive half of their genetic material 

from the mother making growth and carcass traits an important part of selection for the dam line. 
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Reproductive and fertility traits are included in the dam line index to improve sow productivity 

and longevity.  

 

The second tier on the pyramid is multiplier herds which serve to take advantage of 

hybrid vigour and to eliminate any negative effects of inbreeding on reproductive success and 

fitness by crossing the two maternal nucleus breeds, Landrace and Yorkshire. The female 

offspring of these crosses are sold as replacement breeding stock to commercial farms. 

 

Commercial farms are on the bottom of the pyramid. At this level, crossbred maternal 

gilts and sows are bred using terminal line semen to enhance the growth and carcass traits of 

their offspring. 

 

Accurate data is a very important part of a successful selection program. In order to make 

genetic improvement, there needs to be measurable traits. Some traits are easy to measure, such 

as number of functional teats or number of piglets born alive, while other traits require large time 

investments or improved technology to accurately measure traits such as average daily gain, 

average daily feed intake, and backfat. Carcass traits in particular are a challenge to measure 

since a direct measure on meat cuts involves slaughtering the pig. While the accuracy of carcass 

traits is good from a carcass cut-out, a carcass is not very useful in a breeding program. For a 

long time, carcass traits were evaluated solely based on progeny testing. While progeny testing 

can be a useful tool for improving the reliability of predictions, carcass data requires a pig to be 

at market weight in order to get 

accurate data at which time the 

genetics of the parents tend to be 

old already due to the short 

generation interval of swine. 

Medical ultrasound technology was 

investigated for prediction of 

backfat in live pigs and was put 

into practice in the 1970s (Christian 

and Moeller, 1990). Eventually 

ultrasound measurements of lean 

depth were added to evaluation 

programs (Gibson et al., 1996). 

Despite there being a variety of 

carcass traits without a live 

measurement technique, current 

genomics research provides a 

potential solution to accelerate 

improvement in carcass traits. Technology exists to allow genomic evaluation for pH, colour, 

drip loss, and marbling based on progeny testing from a training set (CCSI, 2015).  

 

Currently, ultrasound technology is being used to measure loin depth, backfat thickness, 

and intramuscular fat content/marbling in the loin to assess value and make selection decisions 

on the live animal (Lo et al., 1992; McEvoy et al., 2009; CCSI, 2015). Loin depth and backfat 

thickness measures can provide estimates for percent carcass lean and loin muscle area, while 

Nucleus 

(Purebred)

Multiplier 

(F1 maternal cross)

Commercial 

(Crossbred F1xpurebred sire line, 1.3 
million sows, 27 million market hogs 

per year)

Figure 3: Structure of the Canadian Swine 

improvement. 
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intramuscular fat estimates can provide an estimate of marbling (Lo et al., 1992). All three of 

these traits are included in the Canadian Swine Improvement Program (CCSI, 2015). While this 

technology is extensively used to assess the value of the loin, there is currently no equivalent 

measurement for the belly being used in Canada.  

Genetic components of the belly 

 

Production and carcass traits such as average daily gain, backfat thickness, and loin 

muscle area are moderately to highly heritable (Cabling et al., 2015). Wijk et al. (2005) reported 

heritability estimates of 0.45±0.16 for backfat thickness and 0.43±0.16 for percentage of loin 

made up of lean were while genetic and phenotypic correlations between these two traits were -

0.98 and -0.95, respectively.  

 

Some work has been done to estimate genetic parameters for belly components. 

Hermesch (2007) conducted a study that examined the genetic relationships between components 

of pork belly and meat quality traits. Heritability estimates ranged from 0.23 to 0.34 for predicted 

fat percentage of the belly, area of rib bone and muscle, intermuscular fat area, subcutaneous fat 

area, and backfat depth at the P2 site (located 6-8 cm from the dorsal midline of the pig at the 

position of the last thoracic ribs; Hermesch, 2007). High genetic correlations between the 

estimated fat percentage of the belly and intermuscular fat content of the belly (0.71), 

subcutaneous fat (0.84), and backfat depth at P2 (0.87) were also reported (Hermesch, 2007). 

The correlation between estimated fat percentage of the belly and area of rib bone and muscle 

was negative (-0.48) (Hermesch, 2007). In this study correlations between the belly traits studied 

and performance traits were low (Hermesch, 2007). Most recently, Kang et al. (2015) estimated 

genetic parameters for belly components in Yorkshire pigs. They reported moderate to high 

heritability estimates for belly weight (0.33±0.06), belly length (0.28±0.08), belly width 

(0.49±0.08), belly muscle area (0.45±0.09), and belly fat area (0.27±0.08) (Kang et al., 2015). 

They also reported moderate estimates of heritability for area of the five main muscles that make 

up the belly (Kang et al., 2015). Correlations among the five belly traits and five belly muscles 

studied ranged from low to high, while the only negative correlations were between area of belly 

muscle and area of belly fat, area of belly fat and the cutaneous trunci muscle, and belly length 

with the cutaneous trunci muscle (Kang et al., 2015). Overall, lean and fat content of the belly 

seemed to be moderately heritable and negatively correlated with one another. Single trait 

selection for one would result in an opposing effect on the other. Rosendo et al. (2010) reported 

heritability for belly weight of 0.69±0.10. Moderate to high heritability has been reported for 

fatty acids present in subcutaneous, intermuscular, and intramuscular fats, which have been 

found to influence fat firmness and melting point; these are important considerations when 

discussing fat reduction in the carcass (Suzuki et al., 2006). As previously mentioned, work has 

been done that showed drastic reductions in backfat, which caused changes in fatty acid profile 

and influenced fat firmness. There is a negative genetic association between carcass lean to fat 

ratios and stearic acid contents (saturated fatty acid content) and positive genetic association 

between carcass lean to fat ratios and linoleic acid contents (unsaturated fatty acids) (Suzuki et 

al., 2006). This results in genetically lean animals producing carcasses with softer fats (Suzuki et 

al., 2006). However, it has also been suggested that different fatty acid depots (subcutaneous and 

intramuscular) have different genetic control pathways (Suzuki et al., 2006), so to generalize 

firmness of all carcass fat based on carcass leanness may be inaccurate. Reported heritability for 

belly traits demonstrates the potential for genetic improvement of fatty acid profiles (Suzuki et 
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al., 2006), although non-invasive live animal measurements would not be possible as a fat 

sample would need to be obtained for analysis.  

Ultrasound 

 

Ultrasound technology has been used extensively for real-time measurements for carcass 

traits in swine and cattle and some work has been done in sheep. In swine, it is used for 

pregnancy checking and determining amounts of backfat, lean depth, and intramuscular fat 

content.  

 

Use of ultrasound technology in swine production began in the early 1970’s and was 

initially used for determination of backfat on a live hog (Christian and Moeller, 1990). Lean 

depth measurements came next in the early 1990’s (Gibson et al., 1996). In the mid-1990’s, 

intramuscular fat became a trait of interest for pork quality and researchers began to look at the 

potential for prediction using ultrasound (Ragland et al., 1997). Each of these three traits is 

economically important in swine production. Specifically, backfat and lean depth alongside body 

weight are used to evaluate backfat, lean depth, loin eye area, and lean yield in a selection 

program (CCSI, 2017). Estimated lean yield is the major determining factor for carcass grade 

and the amount a producer gets paid for their product (Martin et al. 1981). Intramuscular fat 

content is starting to gain more traction as a regularly evaluated trait in selection programs 

(CCSI, 2017) to be used as an indicator of carcass meat quality. This is an important 

consideration for high value domestic and export markets willing to pay a premium for quality 

product (CCSI, 2017).  

 

The standard ultrasound probing site for loin measurements is located on the right loin 

between the 3rd and 4th last thoracic ribs (CCSI, 2017). The last thoracic ribs are used as a 

landmark due to the inconsistent number of thoracic ribs in pigs. Counting ribs from the back 

allows measurements from pig to pig to be more consistent in relation to the ham primal. The 

Canadian Centre for Swine Improvement runs annual accreditation sessions for ultrasound 

technicians to ensure accuracy and consistency across technicians (CCSI, 2017). There are 45 

technicians accredited in Canada to measure backfat and lean depth, 10 of which are also 

accredited to measure intramuscular fat (CCSI, 2017).  

 

Minimal work has been done on live animal measurements for belly composition, 

although some work has been done to evaluate different methods for assessment of belly lean 

content in carcasses. Tholen et al. (2003) compared three methods used to determine belly 

composition in German pig breeding organizations for progeny testing. The first method used a 

regression equation with different breed specific carcass characteristics (Gruber formula); the 

second method used digital images of the belly to do a planimetric analysis of muscle and fat 

areas; the third method estimated lean and fat contents from the AutoFOM online carcass 

grading routine (Tholen et al., 2003). All three methods were validated through comparison with 

magnetic resonance imaging (MRI), which is a powerful tool with very high accuracy for 

determination of fat and lean contents without dissection (Tholen et al., 2003). They determined 

that on average the method that most accurately reflected the actual lean content of the belly 

determined by the MRI was use of the Gruber Formula (Tholen et al., 2003). The AutoFOM 

grading routine was the next most accurate and the digital imaging was the least accurate 

(Tholen et al., 2003). Work done by Uttaro and Zawadski (2010) aimed to estimate fat and lean 
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percentage using a digital image taken on the processing line. They found fatness in the belly 

could be predicted as effectively from a manual fat measurement on the belly primal as it could 

be from a backfat measurement taken on the loin (Uttaro and Zawadski, 2010). This could be 

further improved for use in the processing line if it could be automated to take up to five 

measurements (Uttaro and Zawadski, 2010).  

 

While there has not been much work done on live animal measurements, the carcass 

measurements provide some insight into measurements from ultrasound that could be the most 

useful in belly fat and lean prediction. 

 

The aim of this study is to 1) characterize the distribution of fat and lean contents of the 

belly to identify a suitable site for live animal ultrasound scanning, 2) assess the use of real-time 

ultrasound for prediction of belly characteristics, and 3) estimate genetic parameters for belly 

subcutaneous fat depth, cutaneous trunci depth, and belly cut depth. 
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Chapter 2: Text of Investigation 

 

Methods 

 

Preliminary Study 

 

A preliminary study was conducted using 10 crossbred boars and 7 crossbred barrows 

from the University of Guelph’s Ponsonby Research Station. These pigs were produced from an 

cross between an F1 (purebred landrace X purebred Yorkshire) dam and a Duroc sire. Pigs were 

fed various diets as part of a nutritional boar taint control study and all housed in the same 

environment. 

 

Boars and barrows were slaughtered at the University of Guelph Meat Lab. Pigs were 

electrically stunned prior to death by exsanguination; the pigs were then scalded for 3 minutes at 

an average temperature of 60°C, and de-haired. Pigs were then eviscerated with the carcasses 

hung in a cooler at <4°C overnight.  

 

One or two days after slaughter, a full cut-out was done and the left bellies removed.  The 

first 16 inches of each belly was sliced into 1-inch segments (strips) dorsal to ventral; front and 

rear images for each of the 16 sections were taken at a 90° angle using an iPhone SE for further 

analysis. Each strip was weighed and the weight of the remaining belly was taken. 

 

Preliminary Study Analysis 

 

Image J software was used to collect the following measurements on each of the 16 strip 

images taken from the University of Guelph boars: length of the strip (dorsal to ventral), length 

of the cutaneous trunci (CT) muscle (dorsal to ventral), depth of the subcutaneous fat layer on 

the most dorsal end, in the middle and on the most ventral end, and depth of the CT muscle on 

the most dorsal end, in the middle and on the most ventral end. All measurements were taken to 

the nearest 0.1 mm (Figure 4).  

 

R programming software was used for image analysis on University of Guelph pigs. 

Coefficient of variation was calculated among pigs for length of strip, length of CT, depths of 

fat, and depths of CT. Correlations between strips for length of strip, length of CT, depths of fat, 

and depths of CT were also calculated.  

 

Live Study- Population Structure and Housing 

 

Purebred Fast Genetics Duroc and Pietrain gilts were used for a real-time ultrasound 

study from H+M Fast Farms in Spiritwood, Saskatchewan. This herd was a multiparous, closed 

herd where inbreeding levels were kept below F = 0.10 for Duroc and F = 0.07 for Pietrain. Pigs 

were weaned at 21 days of age, moved from the nursery to grow finish pens at 70 days of age, 

and scanned for backfat and lean depths at an average of 165 days of age. After selection, pigs 

were kept in the same pen for up to 2 weeks. Selected pigs from a 2-week period made up 

batches of 30 pigs.  
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Figure 4: Cross-sectional view of a pork belly. Red lines indicate fat depth and cutaneous 

trunci (CT) depth measurements taken at ventral, central, and dorsal locations, length of 

strip measurement, and length of cutaneous trunci measurement taken using Image J 

software on carcass images from pigs slaughtered at the U of G. 

Live Study- Scanning and Slaughter 

 

Live belly scans were collected on 330 purebred Duroc (n = 295) and Pietrain (n = 35) 

gilts. 30 pigs were scanned bi-weekly from July 15 until September 9, 2016 and additionally 

from January 27 until April 21, 2017 with the exception of the week of April 7. There were 11 

batches of 30 pigs for a total of 330 pigs included in the study. Seven pigs were euthanized or 

their carcasses condemned and 12 were missing data; however, only 1 pig was missing important 

data (belly and loin traits) resulting in 322-323 pigs that could be used to analyze carcass 

characteristics. Six pigs were missing scans due to alternate animals taking the place of those 

euthanized between scanning and shipping. Two sets of images were lost at the slaughter plant (n 

= 60), and 35 Pietrain pigs were removed from the genetic analysis resulting in 219 animals with 

records for estimation of genetic parameters. Pigs were weighed and scanned for subcutaneous 

fat, cutaneous trunci muscle depth, and belly cut depth to the inner thoracic membrane between 

the 3rd and 4th last thoracic ribs (Figure 6) at 170-180 days of age, dependent on selection group. 

Pigs were run into a modified weigh scale used for the current selection program. A door was 

made on the side of the scale to allow access to the side of the pig. Ultrasound scans were taken 

using a Hitachi Alkoa sv500 x2. Four images were captured on the left belly on the last 3 to 4 

ribs half way down the pig side, as well as four additional images on the last 3 to 4 ribs about 2 

inches below the first images. Scanning locations were chosen based on results from a 

preliminary study. The chosen sites encompass the region of the belly with moderate to high 

correlations with all other regions of the belly for belly measurements, is the most valuable part 

of the primal, and contains structures which parallel current landmarks used in the Canadian 

Swine Improvement Program for measuring loin traits. Canola oil was used as a contact medium. 

Pigs were weighed at scan to the nearest 0.5 kg.  
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Pigs were tattooed and reweighed 4 days after scanning and shipped the following day to 

the Hylife packing plant in Manitoba for slaughter and cut-out. Pigs were slaughtered at 6 PM 

the day after shipping allowing for one day’s lairage time. Pigs were stunned using CO2 prior to 

death by exsanguination. They were then scaled for 7 minutes at an average temperature of 60°C 

before dehairing and evisceration. Carcasses were hung and chilled at -1°C to 4°C following 

evisceration until 4 PM the following day.  

 

Live Study- Carcass Cut-out 

 

At the Hylife plant, carcass cut-out began at 4 PM the day following slaughter. Internal 

carcass temperature, taken on the ham near the aitch bone, needed to be below 4°C before 

separation. Cooler exit weight was taken to the nearest 0.1 kg. The shoulder break was made 

between the 3rd and 4th ribs. The ham break was made 3.8 cm off the aitch bone with a tolerance 

of ±0.635 cm. The loin scribe was made at 11.5 cm from the inner tip of the spine bone to the 

outside of the rib with a tolerance of ±0.635 cm. Untrimmed primal weights were collected to the 

nearest 0.01 kg. Shoulder primals were separated into picnics and butts and untrimmed weights 

were collected to the nearest 0.01 kg. Back ribs and side ribs were removed from loin and belly 

primals respectively and weighed to the nearest 0.01 kg. Each loin was separated into a shoulder 

and ham end. Each primal was commercially trimmed and weights were taken to the nearest 0.01 

kg. Weights were also collected on tenderloin and sirloin to the nearest 0.01 kg. Loin length, 

belly length, front belly width, and rear belly width were all collected to the nearest cm. 

Subcutaneous loin fat depth and longissimus dorsi muscle depth were taken to the nearest mm. 

Quality measures were also collected. Drip loss was done using the 48-hour tray method on loin 

tissue from the 11th, 12th, or 13th ribs (Lundström and Malmfors, 1985). A 2 cm thick chop was 

taken and weighed to the nearest 0.1 g, then placed on an absorbent pad in a Styrofoam tray and 

Figure 5: Examples of live ultrasonic scan images of pig bellies from Duroc and Pietrain gilts at Fast 

Genetics. Red lines indicate measurements taken using Biotronics software. 

 

Figure 5: Examples of live ultrasonic scan images of pig bellies from Duroc and Pietrain 

gilts at Fast Genetics. Red lines indicate measurements taken using Biotronics software. 
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wrapped in oxygen-permeable poly-vinyl film and stored for 48 hours at 2 to 4°C. The sample 

was then reweighed and drip loss calculated as the difference between the two weights divided 

by the initial weight expressed as a percentage. Minolta Colour Scoring was used to take two 

measurements each of lightness (L*), redness (a*), and yellowness (b*) using a Minolta 

Colorimeter (Konica Minolta, 2013) on loin tissue between the 3rd and 4th last ribs. Two 

measurements were taken, one on the dorsal end and one on the ventral end and averaged. Lean 

color was also determined subjectively based on Canadian Meat Quality Standards (CQMS) 

(Fortier et al., 2011) and Japan colour score (Nakai et al., 1975) guides. Tissue from between the 

3rd and 4th last ribs was used for measuring pH using a pH meter. Two measurements were taken, 

one on the ventral side and one on the dorsal side, to the nearest 0.01 units. Marbling is a 

subjective measure of the amount of intramuscular fat present in the lion tissue and was done 

using CQMS guides (Fortier et al., 2011). A belly flop test (Thiel-Cooper et al., 2001) was 

performed on the left belly. Trimmed and deboned bellies with skins on were hung skin down 

over a 9.1-cm-diameter bar and left for 2 minutes. After 2 minutes the distance between the two 

ends of the belly was measured 15 cm from the top of the bar and recorded to the nearest 0.1 cm. 

Lower scores indicate softer bellies.  

 

The following carcass measurements were taken during cut-out: cooler exit weight, 

untrimmed shoulder weight, untrimmed picnic weight, untrimmed butt weight, trimmed picnic 

weight, trimmed butt weight, untrimmed loin weight, loin length, subcutaneous loin fat depth, 

longissimus dorsi muscle depth, trimmed loin shoulder end weight, trimmed loin ham end 

weight, boneless loin weight, tenderloin weight, sirloin weight, back ribs weight, untrimmed ham 

weight, trimmed ham weight, untrimmed belly weight, side ribs weight, trimmed belly weight, 

belly length, front belly width, rear belly width. The following quality measures were recorded 

from the loin: two pH tests, 2 drip loss measures, two each of Minolta L*, a*, and b* score, 

CQMS colour score, Japanese colour score, and marbling score. Belly flop scores were recorded 

on left bellies. 

 

Live Study- Image Analysis of Ultrasound Scans and Belly Photos 

 

Biotronics software was used to measure depths of the subcutaneous fat layer, the CT 

muscle, and the depths of the cut to the inner thoracic membrane from the ultrasonic scans. All 

measurements were taken to the nearest 0.1 mm. 

 

Image J software was used to measure depths of the subcutaneous fat layer, cutaneous 

trunci muscle, and cut from skin to inner thoracic membrane between the 3rd and 4th last ribs on 

the dorsal face of the belly cut (Figure 6). All measurements were taken to the nearest 0.1 mm. 
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Figure 6: Dorsal view of a pork belly with major structures identified. Red lines indicate 

location of cut depth, fat depth, and cutaneous trunci (CT) depth measurements taken 

between the 3rd and 4th last thoracic ribs using Image J software on carcass images taken at 

Hylife. 

Statistical Analysis 

 

SAS 9.4 software was used for analysis of the Fast Genetics Duroc and Pietrain gilts. 

Descriptive statistics were calculated on 1074 historical records including the 323 included in the 

live scan study. Basic statistics for the 323 animals used in this study were calculated for all belly 

traits measured using the UNIVARIATE procedure. The CORR procedure was used to calculate 

correlations between loin traits with all belly traits. Correlations were calculated between 

ultrasound measurements of fat depth, CT depth, and cut depth taken from the two scan locations 

and an average of the two with those measured on the cut-out images. The REG procedure was 

used to perform a multiple regression to regress the cut-out measurements on the scan 

measurements to assess the improvement of belly measurement prediction. The GLM procedure 

was used to perform multiple regression that included slaughter date as a fixed effect and weight 

at scan as a covariate. Four models were analyzed: 

 

𝑦𝑖𝑗𝑘 = 𝐷𝑇𝑗 + 𝑏𝑖 ∗ 𝑊𝐺𝑇𝑘 + 𝐹𝐴𝑇1𝑘 + 𝐶𝑇1𝑘 + 𝐶𝑈𝑇1𝑘 + 𝐹𝐴𝑇2𝑘 + 𝐶𝑇2𝑘 + 𝐶𝑈𝑇2𝑘 + 𝑒𝑖𝑗𝑘 

 

𝑦𝑖𝑗𝑘 = 𝐷𝑇𝑗 + 𝑏𝑖 ∗ 𝑊𝐺𝑇𝑘 + 𝐹𝐴𝑇1𝑘 + 𝐶𝑇1𝑘 + 𝐶𝑈𝑇1𝑘 + 𝑒𝑖𝑗𝑘 

 

𝑦𝑖𝑗𝑘 = 𝐷𝑇𝑗 + 𝑏𝑖 ∗ 𝑊𝐺𝑇𝑘 + 𝐹𝐴𝑇2𝑘 + 𝐶𝑇2𝑘 + 𝐶𝑈𝑇2𝑘 + 𝑒𝑖𝑗𝑘 

 

𝑦𝑖𝑗𝑘 = 𝐷𝑇𝑗 + 𝑏𝑖 ∗ 𝑊𝐺𝑇𝑘 + 𝐹𝐴𝑇𝐴𝑣𝑒𝑘 + 𝐶𝑇𝐴𝑣𝑒𝑘 + 𝐶𝑈𝑇𝐴𝑣𝑒𝑘 + 𝑒𝑖𝑗𝑘 
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where: 

 

 𝑦𝑖𝑗𝑘 = three traits (i = 1, 2, 3), subcutaneous fat depth, cutaneous trunci (CT) depth, and 

depth of the cut measured on the jth date of slaughter for the kth animal 

 DTj = jth date of slaughter 

 WGTk = weight at scan of the kth animal 

 FAT1k = first location scan fat depth of the kth animal 

 CT1k = first location scan CT depth of the kth animal 

 CUT1k = first location scan cut depth of the kth animal 

FAT2k = first location scan fat depth of the kth animal 

 CT2k = first location scan CT depth of the kth animal 

 CUT2k = first location scan cut depth of the kth animal 

 FATAvek = first location scan fat depth of the kth animal 

 CTAvek = first location scan CT depth of the kth animal 

 CUTAvek = first location scan cut depth of the kth animal 

 eijk = residual error term of the ith trait measured on the jth date of slaughter of the kth 

animal 

 

Genetic Analysis 

 

The full sire line pedigree was obtained from Fast Genetics and was trimmed using R 

programming software to include only 4 generations of ancestors of animals related to those with 

measurements. The trimmed pedigree contained 1329 animals. 

 

ASREML 4.1 was used to estimate variance components for subcutaneous fat depth, CT 

depth, and depth of the cut between the 3rd and 4th last ribs. Single trait models were run for ten 

traits: image fat, image CT, image cut, ultrasonic fat at the first location, ultrasonic CT at the first 

location, ultrasonic cut at the first location, ultrasonic fat at the second location, ultrasonic CT at 

the second location, ultrasonic cut at the second location, and back fat. The following univariate 

sire model was used to estimate these parameters: 

 

𝑦 = 𝑋𝑏 + 𝑍𝑎 + 𝑒 

where: 

𝑣𝑎𝑟(𝑎) = 𝐴𝑔 

and 

𝑣𝑎𝑟(𝑒) = 𝐼𝑟 

 

𝑦𝑖𝑗𝑘𝑙 = 𝜇𝑖 + 𝑆𝐿𝐷𝑗 + 𝑏𝑖 ∗ 𝑊𝐺𝑇𝑘 + 𝐴𝑘 + 𝐿𝐼𝑇𝑙 + 𝑒𝑖𝑗𝑘𝑙 

 

 

where: 
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 𝑦𝑖𝑗𝑘𝑙= one of ten traits (i = 1, 10), image fat, image CT, image cut, ultrasonic fat at the 

first location, ultrasonic CT at the first location, ultrasonic cut at the first location, ultrasonic fat 

at the second location, ultrasonic CT at the second location, ultrasonic cut at the second location, 

and back fat measured on the jth date of slaughter for the kth animal from the lth litter  

 μi = the mean of the ith trait 

SLDj = the jth date of slaughter 

WGTk = weight at scan of the kth animal 

 Ak = additive genetic relationship of the kth animal 

 LITl = the lth litter 

 eijkl = residual error of the ith trait measured on the jth date of slaughter for the kth animal 

from the lth litter  

 

ASREML 4.1 was then used to estimate genetic parameters for the same ten traits based 

on the following bivariate sire model:  

 

[
𝑦1
𝑦2
] = [

𝑋1 0
0 𝑋2

] [
𝑏1
𝑏2
] + [

𝑍1 0
0 𝑍2

] [
𝑎1
𝑎2
] + [

𝑒1
𝑒2
] 

where: 

 

𝑣𝑎𝑟 [
𝑎1
𝑎2
] = [

𝐴𝑔11 𝐴𝑔12
𝐴𝑔21 𝐴𝑔22

] = [
𝑔11 𝑔12
𝑔21 𝑔22

] ⊗ 𝐴 

 

and 

𝑣𝑎𝑟 [
𝑒1
𝑒2
] = [

𝐼𝑟11 𝐼𝑟12
𝐼𝑟21 𝐼𝑟22

] = [
𝑟11 𝑟12
𝑟21 𝑟22

] ⊗ 𝐼 

 

 

𝑦𝑖𝑗𝑘𝑙 = 𝜇𝑖 + 𝑆𝐿𝐷𝑗 + 𝑏𝑖 ∗ 𝑊𝐺𝑇𝑘 + 𝐴𝑘 + 𝐿𝐼𝑇𝑙 + 𝑒𝑖𝑗𝑘𝑙 

 

where: 

 

 yijkl = observations of all combinations for ten traits, image fat, image CT, image cut, 

ultrasonic fat at the first location, ultrasonic CT at the first location, ultrasonic cut at the first 

location, ultrasonic fat at the second location, ultrasonic CT at the second location, ultrasonic cut 

at the second location, and back fat measured on the jth date of slaughter for the kth animal from 

the lth litter 

 μi = the mean of the ith trait 

SLDj = the jth date of slaughter 

WGTk = weight at scan of the kth animal 

 Ak = additive genetic relationship of the kth animal 

 LITl = the lth litter 

 eijkl = residual error of the ith trait measured on the jth date of slaughter for the kth animal 

from the lth litter  
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 A total of 45 combinations of traits were run as bivariate models. Some models were 

unable to converge. Phenotypic correlations could not be estimated due to litter effect only being 

estimated on a single trait basis. 
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Results 

 

Belly Variability 

 

Correlations between strips for strip length and cutaneous trunci length from dorsal to 

ventral positions and depth of subcutaneous fat and cutaneous trunci at the dorsal, central, and 

ventral positions are reported in Table 1for U of G data.  

 

This study considered correlations of < 0.40 low, 0.40 to 0.79 moderate, and > 0.79 high. 

Correlations between belly strips for length of strip were high for sequential strips (0.79-0.93). 

Generally, a greater distance between strips resulted in a lower correlation. The area where the 

ultrasound scans were taken (strips 6-8) had moderate to high correlations between most strips 

(0.42-0.93 for strip 6, 0.46-0.93 for strip 7, and 0.42-0.92 for strip 8).  

 

Correlations between consecutive strips were moderate to high for length of the 

cutaneous trunci (0.54-0.92) with high correlations seen between strips 6-16 (0.82-0.92) and 

moderate correlations between the first 5 strips (0.54-0.75). Similar trends were seen for strip 

length. The greater the distance between the strips, the lower the correlation. There were low to 

moderate correlations for strips 6 through 8 with all other strips with greater distance along the 

belly resulting in lower correlations (0.15-0.85 for strip 6, 0.02-0.91 for strip 7, and 0.02-0.91 for 

strip 8).  

 

Correlations between consecutive strips for dorsal subcutaneous fat depth were low to 

high (0.21-0.93) with the most cranial strips having lower correlations (0.21-0.53 for 1-5) as 

compared to correlations of 0.76-0.93 for central and caudal strips (6-16). Correlations between 

strips 6-8 and all other strips were low to high (0.37-0.83 for strip 6, 0.36-0.90 for strip 7, and 

0.36-0.93 for strip 8). 

 

Correlations between consecutive strips for central subcutaneous fat depth were very low 

to high (0.05-0.90) with the most cranial strips having lower correlations (0.05-0.66 for 1-5) as 

compared to correlations of 0.44-0.90 for central and caudal strips (6-16). Correlations between 

strips 6-8 and all other strips were low to high (0.22-0.80 for strip 6, 0.23-0.90 for strip 7, and 

0.36-0.93 for strip 8). 

 

Correlations between consecutive strips for ventral subcutaneous fat depth were low to 

high (0.24-0.86) without a clear distinction between areas with higher or lower correlations 

(0.54-0.75 for 1-5 and 0.24-0.86 for 6-16). Correlations between strips 6-8 and all other strips 

were very low to moderate (0.05-0.51 for strip 6, -0.02-0.52 for strip 7, and 0.03-0.52 for strip 7). 

 

Correlations between consecutive strips for dorsal cutaneous trunci depth were low and 

negative to moderate and positive (-0.23-0.78) with the most cranial strips having lower 

correlations (-0.23-0.56 for 1-5) as compared to correlations of 0.21-0.78 for central and caudal 

strips (6-16). Correlations between strips 6-8 and all other strips were very low to moderate (-

0.08-0.69 for strip 6, -0.07-0.66 for strip 7, and 0.06-0.30 for strip 8). 
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Correlations between consecutive strips for central cutaneous trunci depth were moderate 

to high (0.43-0.83) with the most cranial strips having lower correlations (0.43-0.64 for 1-5) as 

compared to correlations of 0.66-0.83 for central and caudal strips (6-16). Correlations between 

strips 6-8 and all other strips were low and negative or positive to high and positive (-0.17-0.83 

for strip 6, 0.06-0.79 for strip 7, and 0.06-0.79 for strip 8). 

 

Correlations between consecutive strips for ventral cutaneous trunci depth were very low 

to moderate (0.02-0.77) with the most cranial strips having lower correlations (0.02-0.41 for 1-5) 

as comparted to correlations of 0.22-0.77 for central and caudal strips (6-16). Correlations 

between strips 6-8 and all other strips were very low to moderate (0.05-0.47 for strip 6, -0.03-

0.59 for strip 7, and 0.03-0.36 for strip 8). 

 

In general, for depth traits, correlations were higher at dorsal and ventral locations and 

between strips 6-8; correlations were higher between strips 6-16 when compared to strips 1-5. 

 

 

Table 2 displays coefficients of variation (CV) for each trait that was measured on a belly 

strip for U of G pigs. The coefficient of variation is a measure of central tendency representing 

dispersion around a mean. It allows for comparison of variability between traits with different 

measurements. Except for central and ventral fat depths, the first strip had the most variability 

and in the case of all cutaneous trunci measurements, these CV were substantially larger than CV 

for the other strips. In general, the length measurements showed less dispersion around the mean 

when compared to the depth measurements. Thus, the spatial distribution of fat and lean is 

consistent between pigs, despite extensive variability between pigs for lean and fat depths. 

 

Basic Statistics for Belly Traits 

 

 Means and standard deviations for belly traits from pigs processed at Hylife are presented 

in Table 3. All belly traits from the slaughter plant were normally distributed.  

 

Characteristics of the pork carcass and the pork belly 

 

Descriptive results for pork carcasses are displayed in Table 4.  The belly comprised a 

lower percentage of the total carcass than the other three primal cuts both before and after 

commercial trimming. Two-way t-tests resulted in significant differences (P ≤ 0.0001) between 

means of untrimmed primals for all combinations except untrimmed shoulders with untrimmed 

hams, which did not have a statistically significant difference in means (P ≤ 0.315). Two-way t-

tests resulted in significant differences (P ≤ 0.0001) between means of trimmed primals for all 

combinations. Maximum and minimum values were lower for bellies than for other primals. 

Bellies ranged from comprising 12-25% of carcass side with an average of 16.46%.  
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Table 1:  Correlations for strip length, cutaneous trunci length, dorsal, central, and ventral fat depths, and dorsal, central, and 

ventral cutaneous trunci depths between sixteen 1” cross-sectional (cranial to caudal) strips of belly from pigs processed at the 

U of G (n = 17). 

  Strip number1 

Variable  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Strip 2 .87               

Length 3 .86 .91              

 4 .78 .84 .93             

 5 .72 .82 .90 .91            

 6 .65 .72 .78 .77 .89           

 7 .64 .68 .71 .68 .83 .93          

 8 .42 .53 .58 .59 .77 .90 .86         

 9 .52 .51 .57 .55 .69 .78 .89 .79        

 10 .47 .51 .56 .60 .76 .88 .90 .92 .89       

 11 .34 .43 .49 .52 .70 .79 .82 .86 .85 .94      

 12 .27 .38 .45 .46 .65 .70 .73 .82 .79 .87 .96     

 13 .21 .32 .44 .38 .52 .53 .55 .67 .65 .68 .81 .89    

 14 .17 .32 .45 .40 .48 .50 .50 .61 .58 .58 .67 .72 .88   

 15 .03 .11 .24 .23 .32 .48 .51 .57 .61 .56 .63 .62 .72 .87  

 16 -.11 -.01 .07 .09 .23 .42 .46 .58 .57 .59 .70 .70 .74 .75 .88 

CT2 2 .54               

Length 3 .60 .75              

 4 .51 .67 .75             

 5 .51 .48 .54 .63            

 6 .48 .27 .45 .52 .54           

 7 .31 .14 .34 .40 .47 .85          

 8 .28 .02 .29 .29 .39 .75 .91         

 9 .24 -.01 .20 .14 .31 .63 .78 .82        

 10 .35 .03 .12 .21 .37 .73 .81 .85 .90       

 11 .26 -.13 .03 .09 .29 .61 .72 .81 .83 .92      

 12 .14 -.10 -.02 -.01 .24 .62 .69 .76 .81 .87 .89     

 13 .40 .05 .17 .21 .28 .66 .73 .78 .80 .88 .86 .84    
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 14 .30 .04 .19 .23 .27 .60 .68 .75 .67 .77 .81 .77 .91   

 15 .28 .08 .18 .23 .03 .29 .43 .54 .45 .57 .61 .52 .74 .82  

 16 .25 -.16 -.11 -.12 -.12 .15 .31 .43 .41 .55 .63 .53 .67 .71 .88 

Dorsal 2 .22               

Fat Depth 3 .40 .46              

 4 .45 .21 .24             

 5 -.02 .49 .41 .21            

 6 .31 .40 .72 .43 .53           

 7 .48 .57 .76 .37 .52 .76          

 8 .49 .52 .79 .36 .52 .83 .90         

 9 .56 .42 .74 .28 .45 .79 .86 .93        

 10 .02 .46 .37 .11 .86 .56 .63 .60 .62       

 11 .32 .34 .60 .16 .39 .81 .78 .81 .86 .63      

 12 .29 .34 .47 .22 .45 .64 .56 .67 .71 .58 .78     

 13 .32 .27 .43 .16 .41 .68 .69 .72 .78 .64 .91 .82    

 14 .26 .32 .55 .16 .52 .71 .73 .78 .81 .71 .90 .85 .89   

 15 .09 .32 .44 .06 .38 .65 .62 .65 .72 .60 .82 .74 .79 .88  

 16 .12 .42 .27 .03 .27 .52 .50 .54 .60 .49 .76 .66 .74 .80 .80 

Central 2 .05               

Fat Depth 3 .27 .28              

 4 .39 .13 .44             

 5 .38 .16 .32 .51            

 6 .31 .46 .56 .56 .66           

 7 .41 .22 .45 .44 .44 .80          

 8 .38 .23 .35 .45 .32 .74 .90         

 9 .35 .25 .29 .59 .24 .60 .70 .79        

 10 .54 -.10 .26 .63 .67 .53 .61 .54 .44       

 11 .37 .24 .39 .69 .47 .76 .72 .75 .80 .62      

 12 .41 .31 .34 .53 .32 .65 .72 .78 .75 .51 .79     

 13 .31 .14 .06 .33 .21 .36 .51 .55 .54 .46 .69 .79    

 14 .48 .26 .18 .45 .36 .61 .68 .73 .68 .57 .83 .78 .84   

 15 .34 .02 .20 .46 .44 .51 .51 .59 .56 .51 .75 .68 .67 .74  

 16 .37 .05 .13 .33 .25 .46 .48 .64 .53 .37 .67 .65 .62 .76 .90 
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Ventral 2 .75               

Fat Depth 3 .69 .67              

 4 .71 .68 .72             

 5 .60 .52 .52 .54            

 6 .58 .60 .61 .44 .57           

 7 .41 .39 .29 .38 .05 .51          

 8 .52 .47 .30 .42 .25 .33 .24         

 9 .33 .17 .36 .22 .30 .09 -.23 .48        

 10 .07 -.01 .40 .13 .03 .16 -.16 .28 .63       

 11 .33 .23 .67 .42 .30 .36 .10 .12 .58 .66      

 12 .17 .14 .52 .17 .29 .45 .00 .03 .50 .61 .80     

 13 .36 .29 .73 .48 .33 .50 .11 .26 .51 .65 .72 .75    

 14 .46 .34 .69 .53 .26 .48 .23 .20 .41 .59 .70 .69 .83   

 15 .32 .31 .53 .35 .36 .46 -.02 .25 .60 .63 .63 .73 .76 .79  

 16 .12 .13 .38 .19 .30 .37 -.13 .20 .51 .71 .65 .75 .68 .70 .86 

Dorsal 2 .50               

CT Depth 3 -.34 -.23              

 4 -.12 -.31 .47             

 5 .13 .10 .26 .30            

 6 .03 .27 .45 .37 .56           

 7 -.08 .28 .39 .46 .50 .69          

 8 -.24 -.07 .09 .21 .11 .21 .30         

 9 -.22 -.13 .41 .56 .36 .41 .66 .21        

 10 -.13 .05 .32 .42 .22 .47 .62 .19 .78       

 11 -.01 .23 .20 .10 .18 .21 .44 -.10 .63 .64      

 12 .22 .11 .30 .26 .44 .32 .42 -.13 .56 .49 .63     

 13 .13 -.15 .26 .35 .34 .17 .30 .06 .54 .35 .55 .66    

 14 -.09 -.14 .50 .43 .52 .50 .55 .25 .66 .36 .35 .61 .64   

 15 -.04 -.30 .46 .56 .33 .28 .46 .18 .75 .65 .46 .58 .74 .72  

 16 .05 -.11 .22 .49 .42 .41 .56 .15 .72 .65 .42 .64 .62 .61 .74 

Central 2 .43               

CT Depth 3 -.21 -.44              

 4 -.19 -.36 .58             



 
 

 28 

 5 .02 -.26 .31 .64            

 6 -.05 -.26 .26 .46 .58           

 7 -.17 -.43 .38 .49 .42 .83          

 8 .06 -.30 .34 .33 .37 .73 .79         

 9 -.20 -.05 .20 .26 .21 .62 .67 .65        

 10 -.17 -.17 .30 .52 .42 .64 .68 .61 .77       

 11 -.13 -.03 .06 .32 .51 .48 .52 .41 .64 .72      

 12 -.17 -.41 .18 .43 .39 .54 .68 .58 .58 .71 .69     

 13 -.13 -.14 .09 .35 .31 .60 .59 .55 .64 .74 .68 .80    

 14 -.05 -.29 .32 .51 .47 .64 .58 .60 .41 .64 .55 .73 .76   

 15 -.27 -.42 .24 .39 .51 .67 .59 .51 .40 .53 .56 .70 .72 .79  

 16 -.26 -.19 .09 .46 .50 .43 .42 .33 .34 .40 .45 .53 .60 .68 .66 

Ventral 2 .40               

CT Depth 3 .00 -.13              

 4 -.18 -.02 .24             

 5 .06 -.15 .07 .02            

 6 .26 .22 .20 -.13 .41           

 7 .44 .05 .13 .07 .08 .43          

 8 -.11 .14 .17 .11 -.03 .07 .22         

 9 -.09 -.24 .26 .12 .25 .29 .55 .36        

 10 -.10 -.17 .22 .31 .00 .29 .59 .32 .55       

 11 .24 .24 .24 .29 .34 .47 .50 .04 .20 .43      

 12 -.02 .08 .36 .50 .28 .29 .29 .03 .05 .42 .55     

 13 -.03 -.10 .35 .47 .01 .16 .36 .18 .42 .63 .18 .48    

 14 .04 -.18 .16 .31 .08 .14 .38 .15 .25 .46 .24 .47 .50   

 15 .11 -.18 .10 .17 .26 .21 .34 .12 .42 .35 .21 .31 .45 .77  

 16 .24 -.08 .24 .36 .11 .21 .26 .05 .24 .26 .33 .51 .49 .48 .65 
1 Strips were numbered with 1 being most cranial and 16 being most caudal for bellies cut from dorsal to ventral end 
2 CT = cutaneous trunci 
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Table 2: Coefficient of variation for strip length, cutaneous trunci length, dorsal, central, 

and ventral fat depths, and dorsal, central, and ventral cutaneous trunci depths for sixteen 

1” cross-sectional (cranial to caudal) strips of belly from pigs processed at the U of G (n = 

17). 

Strip 

 # 

Strip 

length 

CT1 

length 

Dorsal 

fat 

depth 

Central 

fat 

depth 

Ventral 

fat 

depth 

Dorsal 

CT 

depth 

Central 

CT 

depth 

Ventral 

CT 

depth 

1 8.6 237.0 35.6 30.9 40.1 198.6 203.0 202.9 

2 6.9 60.6 23.7 33.6 44.8 53.8 53.8 60.8 

3 7.0 15.8 13.8 36.6 53.3 53.2 21.2 53.8 

4 7.7 21.7 22.7 50.3 41.4 30.9 17.2 41.0 

5 6.8 13.6 24.6 43.6 39.1 31.3 21.9 36.3 

6 7.2 10.3 20.7 22.1 23.9 28.6 19.8 35.0 

7 7.7 9.4 19.5 18.5 35.4 37.9 18.9 34.6 

8 6.9 7.6 19.5 18.2 37.9 49.5 23.3 55.4 

9 6.2 7.9 19.6 23.2 30.1 32.4 16.3 34.4 

10 5.9 7.7 25.9 23.5 34.9 29.0 16.8 37.6 

11 6.9 7.6 18.4 24.3 44.7 31.8 14.7 33.3 

12 6.8 7.5 18.1 24.2 51.7 29.0 17.4 41.5 

13 7.4 7.8 18.0 25.3 57.5 34.8 18.6 45.4 

14 6.6 7.4 18.7 25.3 48.9 35.7 15.8 46.2 

15 6.3 6.4 22.1 25.5 50.0 38.2 19.7 55.1 

16 7.4 6.5 25.6 22.2 56.7 35.4 18.5 49.8 
1 CT = cutaneous trunci 

 

Table 3: Mean and standard deviations for belly measurements of pigs processed at Hylife 

(n = 322). 

Variable Mean Sd 

Untrimmed belly weight, kg 7.385 0.7538 

Side ribs weight, kg 1.604 0.2045 

Trimmed belly weight, kg 5.788 0.6311 

Belly length, cm 62.5 2.71 

Belly width-cranial, cm 27.2 1.77 

Belly width-caudal, cm 18.8 2.35 

Belly flop, cm 15.72 5.011 

Belly SC1 fat depth, cm 0.8665 0.19483 

Belly CT2 depth, cm 0.1438 0.11066 

Belly depth, cm 4.5865 0.72415 
1 SC refers to subcutaneous 
2 CT refers to cutaneous trunci muscle 
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Table 4: Average, minimum, and maximum values for untrimmed and trimmed primal 

weights expressed as a percentage of carcass weight (kg) for pigs processed at Hylife (n = 

1074). 

 Average Maximum Minimum 

Untrimmed Shoulder 24.67 35.67 21.02 

Untrimmed Loin 23.87 37.50 18.66 

Untrimmed Ham 24.60 41.76 19.66 

Untrimmed Belly 16.45 25.06 12.03 

Trimmed Shoulder 18.73 27.28 15.34 

Boneless Loin 10.48 22.12 7.31 

Trimmed Ham 20.41 33.91 13.30 

Trimmed Belly 12.59 18.66 8.95 

 

Results for correlations between loin traits and belly traits are displayed in Table 5.  

 

Untrimmed loin weight was positively correlated (P ≤ 0.01) with all belly traits except 

belly flop. There were moderate correlations with untrimmed belly weight, trimmed belly 

weight, side rib weight, and belly length and low correlations between both belly width 

measurements.  

 

Loin length was significantly positively correlated with untrimmed and trimmed belly 

weight, side rib weight, belly length, and belly flop (P≤ 0.05). There were moderate correlations 

with side rib weight and belly length and low correlations with untrimmed and trimmed belly 

weight and belly flop; belly width correlations were not significant at P ≤ 0.05.  

 

Backfat was positively correlated (P ≤ 0.05) with all belly traits including moderate 

correlations with untrimmed and trimmed belly weight and belly flop and low correlations with 

all other belly traits.  

 

Loin muscle depth was only correlated (P ≤ 0.04) with untrimmed and trimmed belly 

weight. These correlations were low and positive.  

 

Marbling scores were correlated at (P ≤ 0.05) with trimmed belly weight, belly length, 

and belly flop scores. All these correlations were low and positive.  

 

Untrimmed ham weight was positively correlated (P ≤ 0.05) with all traits except belly 

length and belly flop. There were moderate correlations with untrimmed belly weight and side 

rib weight. All other correlations were low.  

 

Trimmed ham weight had low correlations (P ≤ 0.03) with all traits except for belly 

length. All correlations were positive except for belly flop. 

 

Correlations between belly traits are displayed in Table 6.  

  

Untrimmed belly weight was positively correlated (P ≤ 0.0001) with all other belly traits 

except belly flop. Correlations were all moderate except for trimmed belly weight where there 
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was a high positive correlation. A correlation of 0.88 was calculated between untrimmed and 

trimmed belly weight. 

 

Side ribs had low, positive correlations (P ≤ 0.01) with all remaining traits except the 

moderate correlation found with loin length (P ≤ 0.0001).  

  

Trimmed belly weight was moderately correlated (P ≤ 0.001) with all remaining traits 

except belly flop.  

  

Belly length had low correlations (P ≤ 0.03) with rear belly width and belly flop. 

 

Front belly width was moderately correlated (P ≤ 0.0001) with rear belly width.  

Real-time ultrasound use and validation 

 

Correlations between ultrasonic measurements and those taken from the carcass images 

were low to moderate (0.16-0.41) (P ≤ 0.05) (Table 7). Correlations between ultrasonic and 

carcass images of the same trait ranged between 0.26-0.41, with cut depth having the highest 

overall correlations and CT depth having the lowest overall correlations. Correlation coefficients 

between different belly measurements (i.e. Fat1 and CT1) were similar to those between the 

same traits (i.e. Fat1 and Fat2) (0.16-0.39), indicating some relatedness between belly traits. 

 

Multiple regression models were run using only the traits of interest for each location and 

the average of the two locations. Table 8 displays which traits met the required significance of P 

≤ 0.15 to be included in the multiple regression models (Figure 7). None of the models included 

all three traits; however prediction of most traits could be influenced by the inclusion of another. 

Fat depth predictions were improved upon by inclusion of cut depth at the first location and the 

inclusion of cutaneous trunci muscle depth at the second location and for the average of the two. 

The prediction of cutaneous trunci muscle depth was only improved by the addition of cut depth 

at the first location. No improvement could be made for the second location for cut depth or for 

the average of the two. Cut depth prediction was improved upon by inclusion of belly fat for all 

three models.  

 

R2 for each model are included in the charts in Figure 7. Comparisons of correlation 

coefficients from the multiple regressions and the simple correlations in Table 7 showed there 

was a slight improvement in R2 for fat depths, no improvement in R2 for cutaneous trunci depths, 

and very little improvement in R2 for cut depths (r = 0.36 for fat 1, r = 0.26 for CT 1, r = 0.42 for 

cut 1, r = 0.43 for fat 2, r = 0.39 for CT 2, r = 0.41 for cut 2, r = 0.40 for average fat, r = 0.32 for 

average CT, r = 0.42 for average cut). The graphical representation of these multiple regressions 

are presented in Figure 7. 
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Table 5: Correlations of belly traits with loin and ham traits for pigs processed at Hylife (n = 322). Traits included in 

correlation analysis were from the left side of a pork carcass.  

 Untrimmed 

belly weight 

(wgt) 

Trimmed 

belly weight 

(wgt) 

Side rib 

weight (wgt) 

Belly length Front belly 

width 

Rear belly 

width 

Belly flop 

Untrimmed loin 

weight (wgt) 

.43 

<.0001 

.41 

<.0001 

.37 

<.0001 

.35 

<.0001 

.14 

.010 

.21 

<.001 

.04 

.532 

Loin length .23 

<.0001 

.15 

.008 

.47 

<.0001 

.47 

<.0001 

-.05 

.335 

.05 

.417 

.13 

.017 

Backfat .37 

<.0001 

.39 

<.0001 

.11 

.050 

.14 

.013 

.26 

<.0001 

.23 

<.0001 

.45 

<.0001 

Lean depth .12 

.032 

.13 

.021 

.05 

.353 

.09 

.125 

.03 

.578 

.04 

.453 

-.03 

.540 

CMQS1  

Marbling 

.11 

.056 

.11 

.050 

.08 

.137 

.19 

.001 

-.01 

.878 

-.01 

.863 

.33 

<.0001 

Untrimmed 

ham weight 

(wgt) 

.39 

<.0001 

.27 

<.0001 

.39 

<.0001 

.04 

.460 

.24 

<.0001 

.25 

<.0001 

-.07 

.214 

Trimmed ham 

weight (wgt) 

.19 

.001 

.14 

.012 

.21 

<.001 

-.05 

.409 

.13 

.023 

.13 

.024 

-.24 

<.0001 
1 CQMS = Canadian Meat Quality Standards 
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Table 6: Correlations and P-values between belly traits for pigs processed at Hylife (n = 322). Traits included in correlation 

analysis were from one side of a pork carcass. 

 Untrimmed belly 

weight (wgt) 

Side rib 

weight (wgt) 

Trimmed belly 

weight (wgt) 

Belly length Belly width 

front 

Belly width 

rear 

Side rib weight 

(wgt) 

.46 

<.0001 

     

Trimmed belly 

weight (wgt) 

.88 

<.0001 

.23 

<.0001 

    

Belly length .43 

<.0001 

.50 

<.0001 

.39 

<.0001 

   

Front belly 

width 

.51 

<.0001 

.25 

<.0001 

.50 

<.0001 

.08 

.150 

  

Rear belly 

width 

.58 

<.0001 

.26 

<.0001 

.54 

<.0001 

.13 

.025 

.35 

<.0001 

 

Belly flop .08 

.157 

.15 

.006 

.06 

.252 

.21 

<.001 

-.05 

.377 

-.09 

.104 
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Table 7: Correlations and P-values between corresponding ultrasonic image measurements and carcass measurements for fat 

depths, cutaneous trunci (CT) depths, and cut depths to the inner thoracic membrane for pigs processed at Hylife (n = 219). 

 Fat11 CT12 Cut13 Fat24 CT25 Cut26 FatAve7 CTAve8 CutAve9 

Fat 

depth10   

.34 .21 .32 .40 .16 .27 .39 .21 .31 

<.0001 .001 <.0001 <.0001 .010 <.0001 <.0001 .001 <.0001 

CT 

depth11   

.18 .26 .26 .21 .39 .28 .20 .32 .28 

<.005 <.0001 <.0001 <.0001 <.0001 <.0001 .001 <.0001 <.0001 

Cut 

depth12   

.36 .27 .41 .39 .31 .39 .39 .30 .41 

<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
1 Fat1 = ultrasonic depth measurement of belly subcutaneous fat taken halfway down the side of the pig with the 3rd and 4th last 

thoracic ribs visible 
2 CT1 = ultrasonic depth measurement of cutaneous trunci taken halfway down the side of the pig with the 3rd and 4th last thoracic ribs 

visible 
3 Cut1 = ultrasonic depth measurement of belly from outer fat layer to inner thoracic membrane taken halfway down the side of the 

pig with the 3rd and 4th last thoracic ribs visible 
4 Fat2 = ultrasonic depth measurement of belly subcutaneous fat taken 2-3” below the Fat1 site with the 3rd and 4th last thoracic ribs 

visible 
5 CT2 = ultrasonic depth measurement of cutaneous trunci taken 2-3” below the CT1 site with the 3rd and 4th last thoracic ribs visible 
6 Cut2 = ultrasonic depth measurement of belly from outer fat layer to inner thoracic membrane taken 2-3” below the Cut1 site with 

the 3rd and 4th last thoracic ribs visible 
7 FatAve = average of Fat1 and Fat2 measurements 
8 CTAve = average of CT1 and CT2 measurements 

9 CutAve = average of Cut1 and Cut2 measurements 

10 Fat depth = carcass measurement of belly subcutaneous fat taken on the dorsal face of the belly primal between the 3rd and 4th last 

thoracic ribs 

11 CT depth = carcass measurement of cutaneous trunci taken on the dorsal face of the belly primal between the 3rd and 4th last thoracic 

ribs 

12 Cut depth = carcass measurement of belly from outer fat layer to inner thoracic membrane taken on the dorsal face of the belly 

primal between the 3rd and 4th last thoracic ribs 
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Table 8: Significance of model traits from multiple regression of ultrasonic measures over 

carcass measurements for predicting belly fat depth, cutaneous trunci (CT) depth, and 

belly cut depth from pigs processed at Hylife (n = 219). Model 1 refers to the inclusion of 

only ultrasonic measurements taken at the 1st scan location. Model 2 refers to the inclusion 

of only ultrasonic measurements taken at the 2nd scan location. Model 3 refers to the 

inclusion of the average of ultrasonic measurements taken at the 1st and 2nd scan locations. 

Model1 Model Trait2 Fat depth3 CT depth4 Cut depth5 

Model 1 Fat1 *  * 

 CT1  *  

 Cut1 * * * 

Model 2 Fat2 *  * 

 CT2 * *  

 Cut2   * 

Model 3 FatAve *  * 

 CTAve * *  

 CutAve   * 

*P ≤ 0.15 
1 Model 1 = multiple regression including ultrasonic depth measurements of Fat1, CT1, and Cut1 

taken halfway down the side of the pig with the 3rd and 4th last thoracic ribs visible; Model 2 = 

multiple regression including ultrasonic depth measurements of Fat2, CT2, and Cut2 taken 2-3” 

below the Model 1 site with the 3rd and 4th last thoracic ribs visible; Model 3 = multiple 

regression including ultrasonic depth measurements of FatAve, CTAve, and CutAve, which are 

an average of measurements taken from Model 1 and Model 2 sites 
2 Fat1 = ultrasonic depth measurement of belly subcutaneous fat (mm); CT1 = ultrasonic depth 

measurement of cutaneous trunci (mm); Cut1 = ultrasonic depth measurement of belly from 

outer fat layer to inner thoracic membrane (mm); Fat2 = ultrasonic depth measurement of belly 

subcutaneous fat (mm); CT2 = ultrasonic depth measurement of cutaneous trunci (mm); Cut2 = 

ultrasonic depth measurement of belly from outer fat layer to inner thoracic membrane (mm); 

FatAve = average of Fat1 and Fat2 measurements (mm); CTAve = average of CT1 and CT2 

measurements (mm); CutAve = average of Cut1 and Cut2 measurements (mm) 
3 Trait being predicted: Fat depth = carcass measurement of belly subcutaneous fat taken on the 

dorsal face of the belly primal between the 3rd and 4th last thoracic ribs (cm) 

4 Trait being predicted: CT depth = carcass measurement of cutaneous trunci taken on the dorsal 

face of the belly primal between the 3rd and 4th last thoracic ribs (cm) 

5 Trait being predicted: Cut depth = carcass measurement of belly from outer fat layer to inner 

thoracic membrane taken on the dorsal face of the belly primal between the 3rd and 4th last 

thoracic ribs (cm) 
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Figure 7: Plots of predicted depths (taken from multiple regression of ultrasound measures 

over carcass measures) over carcass measures and model R2 values: a) first fat depth 

location b) second fat depth  location c) average of two fat depth locations d) first cutaneous 

trunci(CT) depth location e) second CT depth location f) average of two CT depth locations 

g) first cut depth location h) second cut depth location i) average of two cut depth locations. 

Predicted refers to values calculated based on regression coefficients while actual refers to 

the actual values recorded for each individual. Pigs were slaughtered at Hylife (n = 219).  

Table 9 summarizes significant traits which were included in each model for each trait of 

interest as well as the overall model. Slaughter date was significant at P ≤ 0.05 for all traits and 

all models. Weight at scan was only significant for fat depth and was only significant as an 

overall effect at P ≤ 0.15 for three of the models, the Full model, the 2nd model, and the Average 

model. Prediction of traits was only improved upon by inclusion of one other belly trait (i.e. Fat 

depth by Cut1 in the first model or Fat depth by Cut2 in the second model). However, in the full 

model, inclusion of a fat measurement at a second location improved prediction (i.e. Fat depth 

was improved by both Fat1 and Fat2). Fat prediction in all four models was improved upon by 

inclusion of another trait, Fat1, CT1, and Fat2 in the full model, Fat1 and Cut1 in the 1st model, 

Fat2 and Cut2 in the 2nd model, and FatAve and CutAve in the Average model. Cutaneous trunci 

depth predictions were improved by inclusion of a fat measurement for all models. However, 

inclusion of the second fat measure for the full model and the first fat measure for the first 

location model was only significant at P ≤ 0.15. The first location model had no belly traits 

significant at P ≤ 0.05 and the average model only had fat significant at P ≤ 0.05. Depth of cut 

prediction was only improved from inclusion of another belly trait in the second location model 

at P ≤ 0.15. Overall, the most traits significant at P ≤ 0.05 occurred in the second location model, 
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which had very similar R2 values (Figure 8; Figure 9) to the full model. The full model had the 

highest R2 values from all four models. 

 

The graphical representations of the multivariate multiple regression (Figure 8; Figure 9) 

include only parameters that were significant at P ≤ 0.05. A comparison of R2 from the full 

model (Figure 8) with the R2 from the unadjusted regression Model 2 (Figure 7) show significant 

improvements in explanation of variance when slaughter date, weight, Fat1, CT1, Fat2, CT2, and 

Cut2 were also considered (inclusion of traits is dependant on trait being tested) (R2 = 0.36 for 

fat, R2 = 0.23 for CT, and R2 = 0.38 for cut).  

  

Overall, the full model and the 2nd model provided the best results for depth prediction of 

the three belly traits with inclusion of slaughter date, sometimes weight, and scan measurements 

dependant on trait of interest. 

 

Table 9: Significance of model traits from multivariate multiple regression of slaughter 

date (Date), scan weight, and ultrasonic traits over carcass traits for predicting belly 

measurements from pigs processed at Hylife (n = 219). The Full model analysed the 

inclusion of all ultrasonic measurements, the average of corresponding carcass 

measurements, weight, and slaughter date. The 1st model analysed the inclusion of only 

ultrasonic traits taken at the 1st scan location with weight and slaughter date. The 2nd 

model analysed the inclusion of only ultrasonic traits taken at the 2nd scan location with 

weight and slaughter date. The Average model analysed the inclusion of only the average of 

corresponding ultrasonic traits taken at the 1st and 2nd scan locations with weight and 

slaughter date. 

Prediction Trait1 Model Trait2 Full3 1st4 2nd5 Average6 

Fat depth Fat1 ** ** - - 

 CT1 **  - - 

 Cut1  ** - - 

 Fat2 ** - ** - 

 CT2  -  - 

 Cut2  - * - 

 FatAve - - - ** 

 CTAve - - -  

 CutAve - - - ** 

 Weight ** ** ** ** 

 Date ** ** ** ** 

CT depth Fat1  * - - 

 CT1   - - 

 Cut1   - - 

 Fat2 * - ** - 

 CT2 ** - ** - 

 Cut2  -  - 

 FatAve - - - ** 

 CTAve - - -  

 CutAve - - -  

 Weight     
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 Date ** ** ** ** 

Cut depth Fat1   - - 

 CT1   - - 

 Cut1  ** - - 

 Fat2  - * - 

 CT2  -  - 

 Cut2 ** - ** - 

 FatAve - - -  

 CTAve - - -  

 CutAve - - - ** 

 Weight     

 Date ** ** ** ** 

Overall  Fat1 * ** - - 

Model CT1 *  - - 

 Cut1  ** - - 

 Fat2 ** - ** - 

 CT2 ** - ** - 

 Cut2 * - ** - 

 FatAve - - - ** 

 CTAve - - -  

 CutAve - - - ** 

 Weight *  * * 

 Date ** ** ** ** 

*P ≤ 0.15 

**P ≤ 0.05 

- indicates a variable not included in the model 
1 Traits being predicted: Fat depth = carcass measurement of belly subcutaneous fat taken on the 

dorsal face of the belly primal between the 3rd and 4th last thoracic ribs (cm); CT depth = carcass 

measurement of cutaneous trunci taken on the dorsal face of the belly primal between the 3rd and 

4th last thoracic ribs (cm); Cut depth = carcass measurement of belly from outer fat layer to inner 

thoracic membrane taken on the dorsal face of the belly primal between the 3rd and 4th last 

thoracic ribs (cm) 
2 Fat1 = ultrasonic depth measurement of belly subcutaneous fat (mm) taken halfway down the 

side of the pig with the 3rd and 4th last thoracic ribs visible; CT1 = ultrasonic depth measurement 

of cutaneous trunci (mm) taken halfway down the side of the pig with the 3rd and 4th last thoracic 

ribs visible; Cut1 = ultrasonic depth measurement of belly from outer fat layer to inner thoracic 

membrane (mm) taken halfway down the side of the pig with the 3rd and 4th last thoracic ribs 

visible; Fat2 = ultrasonic depth measurement of belly subcutaneous fat (mm) taken 2-3” below 

the Fat1 site with the 3rd and 4th last thoracic ribs visible; CT2 = ultrasonic depth measurement of 

cutaneous trunci (mm) taken 2-3” below the Fat1 site with the 3rd and 4th last thoracic ribs 

visible; Cut2 = ultrasonic depth measurement of belly from outer fat layer to inner thoracic 

membrane (mm) taken 2-3” below the Fat1 site with the 3rd and 4th last thoracic ribs visible; 

FatAve = average of Fat1 and Fat2 measurements (mm); CTAve = average of CT1 and CT2 

measurements (mm); CutAve = average of Cut1 and Cut2 measurements (mm); Weight = 

animal’s weight (kg) at scan; Date = Date of slaughter 
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3 Full = multivariate regression including ultrasonic depth measurements of Fat1, CT1, Cut1, 

Fat2, CT2, Cut2, Weight and Date 

4 1st = multivariate regression including ultrasonic depth measurements of Fat1, CT1, Cut1, 

Weight and Date  

5 2nd = multivariate regression including ultrasonic depth measurements of Fat2, CT2, Cut2, 

Weight and Date  

6 Average = multivariate regression including ultrasonic depth measurements of FatAve, CTAve, 

CutAve, Weight and Date 

  

 
Figure 8: Plots of predicted values (taken from multiple regression of slaughter date, scan 

weight, and ultrasound measures over carcass measures) over carcass measures and model 

R2 values: a) full fat model including measurements from two scan locations b) average fat 

model including an average of measurements from two locations c) full cutaneous trunci 

(CT) model including measurements from two locations d) average CT model including an 

average of measurements from two locations e) full cut model including measurements 

from two locations f) average cut model including an average of measurements from two 

locations. Predicted refers to values calculated based on regression coefficients while actual 

refers to the actual values recorded for each individual. An increase in correlation 

coefficient compared to simple correlation was realized for all three traits. Pigs were 

slaughtered at Hylife (n = 219). 
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Figure 9: Plots of predicted values (taken from multiple regression of slaughter date, scan 

weight, and ultrasound measures over carcass measures) over carcass measures and model 

R2 values: a) model including first location fat depth b) model including second location fat 

depth c) model including first location CT depth d) model including second location CT 

depth e) model including first location cut depth f) model including second location cut 

depth. Predicted refers to values calculated based on regression coefficients while actual 

refers to the actual values recorded for each individual. An increase in correlation 

coefficient compared to simple correlation was realized for all three traits. Pigs were 

slaughtered at Hylife (n = 219). 

Heritability and correlation 

 

 Heritability estimates from the univariate analyses and genetic correlations between all 

traits are presented in Table 10. Phenotypic correlations could not be calculated since the litter 

effect that was fitted in the model did not have a covariance between traits. Most estimates for 

heritability and genetic correlation were associated with a standard error equal to or higher than 

the estimates themselves.  

 

Estimates of 0.00±0.000 were given for image fat and CT depths. There were small 

changes made to the estimate for carcass fat with the inclusion of image cut, ultrasonic fat depth 

at the first location, and ultrasonic cut depth at the second location (Table 10). No change was 

made in the estimates for CT depth with the inclusion of any other trait in the model. The 

heritability estimate for image cut was 0.16±0.171. All bivariate models lowered this estimate 
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except for backfat, where there was a slight increase to 0.18±0.174. The standard error of the 

estimate was reduced in every bivariate model except for backfat, where it increased.  

 

Heritability estimates for ultrasonic measures were higher than for image measures but 

with higher standard errors. Univariate estimates for ultrasonic fat at the first scan location 

(Sfat1) and second scan location (Sfat2) were 0.27±0.189 and 0.21±0.183, respectively. 

Univariate estimates for ultrasonic CT at the first scan location (Sct1) and second scan location 

(Sct2) were 0.07±0.176 and 0.02±0.148, respectively. Univariate estimates for ultrasonic cut at 

the first scan location (Scut1) and second scan location (Scut2) were 0.20±0.193 and 0.16±0.188, 

respectively. Increases and decreases in estimates and standard errors varied for all six of these 

traits in the bivariate models. However, corresponding change in standard errors for these 

estimates demonstrate that little improvement is made from including another trait in the model. 

The highest estimates for scan fat traits came from the Sfat1 with image fat model and the Sfat2 

with backfat model. The highest estimates for scan CT traits came from the Sct1 with Sfat2 and 

Sct2 with Sfat2 models. The highest estimates for scan cut traits came from the Scut1 and image 

cut model and the Scut2 and Sct2 model.  

 

Most of the bivariate models were not able to converge, specifically those involving 

cutaneous trunci measurements from the carcass and ultrasound (CT, Sct1, Sct2), subcutaneous 

belly fat depth measured on the carcass (Fat), and belly cut depth measured on the carcass (Cut). 

Estimates that had reasonable standard errors were between backfat and image cut depth 

(0.79±0.300) and scan fat at the second location with scan fat at the first location (0.92±0.224) 

and scan cut at the first location (0.73±0.458). 

 

Estimates for backfat from this study ranged from 0.40±0.198 to 0.50±0.202 with the 

univariate model producing a heritability of 0.42±0.203.  
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Table 10: Heritability (diagonal) estimates and genetic correlations (above diagonal) for belly carcass measures, backfat, and 

belly ultrasound measures at two locations for pigs processed at Hylife (n = 219).  

 Fat1 CT2 Cut3 BF4 Sfat15 Sct16 Scut17 Sfat28 Sct29 Scut210 

Fat .00±.000 nc a nc nc nc nc nc nc nc nc 

CT  .00±.000 nc nc nc nc nc nc nc nc 

Cut   .16±.171 .79±.300 nc nc nc nc nc nc 

BF    .42±.203 .08±.453 nc .33±.495 .47±.397 nc -.02±.552 

Sfat1     .27±.189 nc .02±.567 .92±.224 nc .28±.614 

Sct1      .07±.176 .73±.968 .47±.770 nc nc 

Scut1       .20±.193 .73±.458 nc nc 

Sfat2        .21±.183 nc .71±.562 

Sct2         .02±.148 nc 

Scut2          .16±.188 
a nc = estimates from a model that did not converge or a genetic correlation that could not be estimated. 
1 Fat = carcass measurement of belly subcutaneous fat taken on the dorsal face of the belly primal between the 3rd and 4th last thoracic 

ribs (cm) 
2 CT = carcass measurement of cutaneous trunci taken on the dorsal face of the belly primal between the 3rd and 4th last thoracic ribs 

(cm) 

3 Cut = carcass measurement of belly from outer fat layer to inner thoracic membrane taken on the dorsal face of the belly primal 

between the 3rd and 4th last thoracic ribs (cm) 

4 BF = carcass measurement of backfat measured on the loin primal between the 3rd and 4th last visible thoracic ribs 

5 Sfat1 = ultrasonic depth measurement of belly subcutaneous fat (mm) taken halfway down the side of the pig with the 3rd and 4th last 

thoracic ribs visible  

7 Scut1 = ultrasonic depth measurement of belly from outer fat layer to inner thoracic membrane (mm) taken halfway down the side of 

the pig with the 3rd and 4th last thoracic ribs visible 

8 Sfat2 = ultrasonic depth measurement of belly subcutaneous fat (mm) taken 2-3” below the Fat1 site with the 3rd and 4th last thoracic 

ribs visible 

9 Sct2 = ultrasonic depth measurement of cutaneous trunci (mm) taken 2-3” below the Fat1 site with the 3rd and 4th last thoracic ribs 

visible 

10 Scut2 = ultrasonic depth measurement of belly from outer fat layer to inner thoracic membrane (mm) taken 2-3” below the Fat1 site 

with the 3rd and 4th last thoracic ribs visible 
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Table 11: Heritability estimates from univariate (diagonal) and bivariate (above and below diagonal) models for pigs 

processed at Hylife (n = 219). Heritability estimates reflect column trait.  

with Fat1 CT2 Cut3 BF4 Sfat15 Sct16 Scut17 Sfat28 Sct29 Scut210 

Fat .00±.000 nc a nc nc nc nc nc nc nc nc 

CT nc .00±.000 nc nc nc nc nc nc nc nc 

Cut nc nc .16±.171 .50±.202 nc nc nc nc nc nc 

BF nc nc .18±.174 .42±.203 .26±.188 nc .19±.191 .22±.185 nc .17±.189 

Sfat1 nc nc nc .41±.201 .27±.189 nc .23±.198 .18±.179 nc .16±.188 

Sct1 nc nc nc nc nc .07±.176 .21±.194 .20±.184 nc nc 

Scut1 nc nc nc .42±.204 .29±.191 .08±.177 .20±.193 .21±.183 nc nc 

Sfat2 nc nc nc .42±.204 .28±.190 .09±.182 .20±.192 .21±.183 nc .16±.190 

Sct2 nc nc nc nc nc nc nc nc .02±.148 nc 

Scut2 nc nc nc .43±.204 .27±.189 nc nc .21±.184 nc .16±.188 
a ‘nc ‘ represents estimates from a model that did not converge. 
1 Fat = carcass measurement of belly subcutaneous fat taken on the dorsal face of the belly primal between the 3rd and 4th last thoracic 

ribs (cm) 
2 CT = carcass measurement of cutaneous trunci taken on the dorsal face of the belly primal between the 3rd and 4th last thoracic ribs 

(cm) 

3 Cut = carcass measurement of belly from outer fat layer to inner thoracic membrane taken on the dorsal face of the belly primal 

between the 3rd and 4th last thoracic ribs (cm) 

4 BF = carcass measurement of backfat measured on the loin primal between the 3rd and 4th last visible thoracic ribs 

5 Sfat1 = ultrasonic depth measurement of belly subcutaneous fat (mm) taken halfway down the side of the pig with the 3rd and 4th last 

thoracic ribs visible  

7 Scut1 = ultrasonic depth measurement of belly from outer fat layer to inner thoracic membrane (mm) taken halfway down the side of 

the pig with the 3rd and 4th last thoracic ribs visible 

8 Sfat2 = ultrasonic depth measurement of belly subcutaneous fat (mm) taken 2-3” below the Fat1 site with the 3rd and 4th last thoracic 

ribs visible 

9 Sct2 = ultrasonic depth measurement of cutaneous trunci (mm) taken 2-3” below the Fat1 site with the 3rd and 4th last thoracic ribs 

visible 

10 Scut2 = ultrasonic depth measurement of belly from outer fat layer to inner thoracic membrane (mm) taken 2-3” below the Fat1 site 

with the 3rd and 4th last thoracic ribs visible
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Discussion 

 

Belly in the carcass and characteristics 

 

 Many studies in the past attempted to characterize the complex layers of fat and lean 

tissue, which comprise the pork belly and how they relate to other carcass primals (Fredeen and 

Martin, 1975; Fredeen et al., 1975a; Fredeen et al., 1975b; Fredeen et al., 1975c; Stiffler et al., 

1975; Jabaay et al., 1976; Fredeen, 1980; Martin et al., 1981; Uttaro and Zawadski, 2010; 

Bahelka et al., 2011; Trusell et al., 2011). The most common primal comparisons that were made 

are with the weight of the carcass and the depth of backfat, which is used as a measure of carcass 

fat to predict total carcass fat to lean ratio.  

 

Past studies reported that carcass weight and backfat are moderately to highly, correlated 

with the weight of the belly primal and also the % of carcass made up of belly primal. Previous 

studies showed correlations between carcass weight and belly primal weight of 0.61 (n=199, all 

sexes; Bahelka et al., 2011), 0.28 (n=297, all gilts; Uttaro and Zawadski, 2010), and 0.94 

(n=886, all castrates; Fredeen, 1980). The correlation value for these same traits in the present 

study was 0.64 (n=322, all gilts), which is similar to the value reported by Bahelka et al., (2011). 

This result is not consistent with the correlation for animals of the same sex (Uttaro and 

Zawadski, 2010), however there may be some differences attributed to breed as the 

aforementioned study used crossbred gilts and the current study used purebred Duroc and 

Pietrain gilts. Previous correlations reported for carcass weight with percentage of carcass made 

up of belly were 0.01 (n=199, all sexes; Bahelka et al., 2011) and 0.37 (n=886, all castrates; 

Fredeen, 1980). The correlation value for these same traits in the present study was 0.05 (n=322, 

all gilts). A correlation between these traits for only gilts was not found in the literature; 

however, the results from this study were consistent with Bahelka et al. (2011), which examined 

a group containing all sexes. Previous correlations reported between backfat and belly primal 

weight were 0.16 (n=199, all sexes; Bahelka et al., 2011), 0.42 (n=297, all gilts; Uttaro and 

Zawadski, 2010), and 0.54 (n=886, all castrates; Fredeen ,1980). The correlation value for these 

same traits in the present study was 0.37 (n=322, all gilts). This correlation is similar to the 

correlation provided by Uttaro and Zawadski (2010), which also examined only gilts. Previous 

correlations reported between backfat and percentage of carcass made up of belly were -0.09 

(n=199, all sexes; Bahelka et al., 2011), 0.55 (n=886, all castrates; Fredeen, 1980), 0.37 (n=109, 

boars), 0.47 (n=387, gilts), and 0.28 (n=242, castrates; Fredeen et al., 1975 a). The correlation 

value for these same traits in the present study was 0.34 (n=322). This correlation is closer to 

those provided for boars and castrates than the correlation provided for gilts in a study done by 

Fredeen et al. (1975a). These results suggest there is extensive variability across sex and breed 

when it comes to relationships between carcass traits and belly traits. 

 

The relationship between carcass weight, fatness, and leanness with belly composition 

hve also been explored in the past with low correlations between weight and belly composition, 

moderate to high correlations between backfat and belly composition, and moderate correlations 

between lean measurements and belly composition being reported (Fredeen et al., 1975a; Uttaro 

and Zawadski, 2010; Bahelka et al., 2011). Past studies have shown that increasing carcass 

fatness and weight are accompanied by increased belly thickness, increased percentage fat in the 

belly, decreased percent lean in the belly, decreased percent moisture in the belly, and decreased 
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lean yield in the belly (Kemp et al., 1969; Fredeen and Martin,1975; Fredeen et al., 1975a; 

Jabaay et al., 1976; McMillin et al., 1977; Martin et al., 1981; Uttaro and Zawadski, 2010; 

Bahelka et al., 2011). The present study did not do an in depth analysis of belly composition; 

however, the present study evaluated belly flop scores, an indicator of belly firmness in which 

there was a correlation of 0.45 with backfat. This moderate, positive correlation indicates that 

increased backfat, often used as a measure of carcass fatness, is accompanied by increased belly 

firmness, which is often the result of increased belly thickness (Trusell et al., 2011), increased 

percent fat in the belly, and an increased ratio of saturated to unsaturated fatty acids (Eggert et 

al., 2001; Trusell et al., 2011). Backfat is positively correlated with increased levels of saturated 

fatty acids in carcass fat (Eggert et al., 2001; Trusell et al., 2011). Both belly thickness and fatty 

acid composition play a role in belly firmness, as determined by either a belly flop test or an 

iodine test (Trusell et al., 2011). Positive correlations have been documented between belly 

thickness with backfat thickness and the percentage of the belly made up of fat (Fredeen, 1980). 

 

Fredeen et al. (1975b) aimed to characterize variability within and among pork bellies. 

This latter study divided the belly into 4 equal sections termed rashers and examined at 

characteristics within those rashers on an individual carcass and among rashers on different 

carcasses. Boars, gilts, and castrates were all used and differences between sexes were 

determined for each of the traits being evaluated. In comparison, the preliminary study 

conducted for the current study aimed to examine the relationship of fat and lean composition in 

strips taken cranial to caudal across the belly and between the same strips from different 

carcasses. The belly had the first 16 inches removed as strips and evaluated for strip length 

(corresponding to belly width), length of visible cutaneous trunci muscle, depth of subcutaneous 

fat at three locations (dorsal, central and ventral), and depth of visible cutaneous trunci muscle at 

three locations (dorsal, central and ventral). Only boars and castrates were evaluated in this 

preliminary study; however, results from the Fredeen et al. (1975b) study showed consistent 

differences in belly traits attributed to sex across all fat and weight classes with boars being the 

leanest, followed by gilts, and then barrows. Their research found that after sex had been 

removed as a source of variation, the fat to lean ratio of the belly is positively correlated with 

increases in fatness of the carcass.  

 

Consistent with results from previous studies (Fredeen and Martin, 1975; Jabaay et al., 

1976; McMillin et al., 1977), bellies from the preliminary study showed width of the cutaneous 

trunci muscle increasing from the cranial to caudal end. This study did not find any significant 

difference between width of the belly at any point, contrary to the work done by Fredeen et al. 

(1975b), which showed rasher C in the belly pocket region (the third quarter of the belly away 

from the shoulder) being significantly wider than the other rashers for all sexes. Also consistent 

with Fredeen et al. (1975b), the present study found low variability among animals for strip 

length and cutaneous trunci length at specific locations but high variability between different 

strips on the same belly for cutaneous trunci length. 

 

Depths of subcutaneous fat and cutaneous trunci muscle were quite variable between 

animals and strips. Belly subcutaneous fat depth was thickest on the dorsal edge of the belly and 

decreased slightly from cranial to caudal. Fat depth was consistent through the centre of the 

belly. It was consistently thinner than the dorsal edge but was only thinner than the ventral edge 

for the first 5 inches while ventral fat was thick. Ventral fat decreased from strip 2 through 11 
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where it trended back up again increasing from an average of 0.412 cm at strip 11 to an average 

of 0.597 at strip 16. Depth of cutaneous trunci muscle increased from positions 1 through 9, 

decreased slightly in the belly pocket region and trended back up again towards position 16. It 

was thickest in the centre of the belly and thinnest on the dorsal end. Proportionally, for 

subcutaneous fat layer and cutaneous trunci muscle, the dorsal edge comprised of greater 

proportion of fat than lean, while both the central and ventral regions of the belly had an 

increasing proportion made up of cutaneous trunci muscle. Previous research (Fredeen et al., 

1975b; Stiffler et al., 1975; Jabaay et al., 1976; Tusell et al., 2011) has reported greater 

proportions of fat comprising the belly pocket region (located in the third quarter of the belly 

away from the shoulder) as compared to the cranial and caudal ends of the belly. The coefficients 

of variability for the traits measured in this study ( 

Table 2) reiterate a point made by Fredeen et al. (1975b), that while variability across 

sections of the belly is generally high (fat and lean content is variable), there is little variability in 

the distribution of fat and muscle among bellies from different carcasses. 

 

These results display a similar idea that measurements taken in one region of the belly 

could possibly be a good predictor of the measurements one would expect in another region of 

the belly. When examining a specific region in the belly primal that may be able to predict 

composition of the whole belly primal, Fredeen et al. (1975b) conducted a detailed examination 

of rasher C (3/4 section, belly pocket) and its relationship with the rest of the belly. The front of 

this rasher is most closely related to strips 9, 10 and 11 in the present study. When examining 

variability in rasher C, they found that dimension traits such as width and depth had low 

variability. As well, the variability for streak length (cutaneous trunci) over rasher width was 

quite low. Variability was moderate to high for lean to fat ratios. When Fredeen et al. (1975b) 

examined between rasher correlations for % fat and % protein, they found that rashers B and C 

provided the highest correlations with all other rashers. When examining a combined group of 

gilts and castrates for rasher correlations between all four rashers with rasher C, Fredeen et al. 

(1975b) found high correlations for % fat and % protein (0.82-0.91). The strips from the current 

study that correspond with rasher C include 9-11 in which there are some similarities for 

correlations and variability to the Fredeen et al. (1975b) study. While coefficients of variation for 

strip and cutaneous trunci length and dorsal, central and ventral depths of subcutaneous fat and 

cutaneous trunci were generally lower in this region, the lowest CV were found for strips 6-8 

(where ultrasound scans were taken for the live animal portion of the current study). Strips 9-11 

had generally moderate to high correlations between strips for traits measured; however, strips 6-

8 typically provided an overall better combination of correlations ranging from 0.42 to 0.93 for 

strip length, 0.02 to 0.91 for cutaneous trunci length, 0.36 to 0.93 for dorsal fat depth, 0.22 to 

0.93 for central fat depth, -0.02 to 0.52 for ventral fat depth, 0.06 to 0.69 for dorsal cutaneous 

trunci depth, 0.06 to 0.83 for central cutaneous trunci depth, and 0.03 to 0.59 for ventral 

cutaneous trunci depth. Despite the rasher C region seeming like a suitable candidate for a 

measurement site, the current study found the end of rasher B region (strips 6-8) typically 

provided better results for relationships with other regions and more consistency in structures 

present. As well, the belly pocket region lacks any bone structure to use as a landmark when 

scanning, while the region just ahead of the belly pocket contains the last few ribs of the pig. 

Differences between studies can be attributed to the method of belly separation. In the Fredeen et 

al. (1975b) study, bellies were quartered and the cranial face of each rasher was measured while 

the current study removed 1” consecutive strips measuring the cranial face of each strip. The 
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Fredeen et al. (1975b) study would not have captured all of the characteristics of the caudal end 

from each rasher while the current study had a more in depth look at changes across the belly. 

The region that the current study chose for live animal scanning is in the same general area as the 

site the Fredeen et al. (1975b) described as being a suitable indicator of total belly fatness and 

leanness. 

 

Ultrasound methods for live animal scanning and single location assessment 

 

Development of a probing region to measure and predict belly lean and fat depths 

presents many challenges. First, identifying a site to measure the same structures on animals of 

different sizes and body types can be difficult; this is especially true for hogs that don’t have a 

consistent number of thoracic ribs. Second, identifying a site that is representative of the trait of 

interest can become quite costly due to the amount of time and animals required to measure the 

trait and test whether there is no statistically significant difference between ultrasound 

measurements and carcass measurements. Lastly, consistency is very important when collecting 

measurements both on the live animal and on the carcass; having well trained technicians and 

standards sessions (workshops for technicians to meet and scan the same group of animals prior 

to a cut-out) are needed to ensure that each technician’s measurements are consistent with the 

group averages is extremely important.  

 

Having landmarks on the animal that are easy to locate and identify makes the scanning 

process quicker and results more consistent between technicians. The sites chosen for this study, 

halfway down the side of the pig with the 3rd and 4th last thoracic ribs visible and 2-3” below the 

first site with the 3rd and 4th last thoracic ribs visible, have some benefits but also some 

drawbacks. The landmarks are very similar to those used for backfat and lean depth probing 

making the adoption of the belly scan an easy transition for trained technicians. In pigs, taking 

measurements between the last 3 to 4 ribs rather than identifying ribs of a particular number is 

done because pigs do not have a consistent number of thoracic ribs (Rohrer et al., 2015). Since 

some pigs are longer than others due to a larger area between the shoulder and rump, this can 

help reduce error as the location is a consistent distance from the rear end of the pig. The same 

idea would apply to these belly scans; using the last 3 to 4 ribs as a reference point will provide a 

consistent distance between the probe site and the belly pocket, since this region is located just 

anterior to the last ribs. Other landmarks consistent between the P2 site and the belly site are 

membranes which are made up of connective tissue and serve to separate and in some cases 

protect different structures of the body like the lungs. Identification of the inner thoracic 

membrane and the membrane sitting below the subcutaneous fat layer are points of measurement 

used in both types of scanning. While the landmarks chosen are easy to find and would be an 

easy transition for trained technicians, there are still some drawbacks to the site chosen. First, the 

location of the first scanning site is subjective, described as being approximately half way down 

the side of the pig. With pigs of different sizes, this could result in some inconsistency and 

possibly some scan images where the development of cutaneous trunci muscle has not started. 

On the processing side of things, the split between the loin and belly primal at the slaughter plant 

is based on a measurement for the loin creating variation in the dimension of the belly primal. 

For measurements of structures like the cutaneous trunci this causes a problem. Dependant on 

the size of width of the pork side (dorsal to ventral) the cutaneous trunci may not be visible 

where the separation was made. Another weakness of the chosen sites is the location of the 
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second site being described as 2-3” below the first; again, this is a subjective site, and there is 

little to mark the initial scan site as a reference. Finally, it is much more difficult to scan the side 

of a pig than it is to scan the back. With pig movement, the site scanned can change slightly 

without notice; if the pig is very difficult to handle, more pressure may end up being applied, 

which can provide an error in measurement if the muscle and fat layers are compressed.  

 

As described above, the chosen site for this study, halfway down the side of the pig with 

the 3rd and 4th last thoracic ribs visible and 2-3” below the first site with the 3rd and 4th last 

thoracic ribs visible. This site is a suitable candidate for measurements to predict the composition 

of the whole belly primal. Measurements from this site provide the best correlations with other 

regions in the belly and there is low variability of dimension traits among pigs in this region.  

 

Correlations between live animal measurements and carcass measurements were low to 

moderate for all three traits measured (Table 7). Differences in correlations between carcass 

measurements with the two sites and the average of the two sites were negligible. Regression of 

the ultrasound images on the carcass images did little to improve prediction. However, multiple 

regression of the ultrasound images on carcass images with the inclusion of slaughter date in the 

model greatly improved the prediction of belly measurements. 

 

A large source of variation in this study came from slaughter date, even though the 

scanning technician remained consistent through the whole study and the quality assurance 

technician at the plant was the same for most days. Slaughter date had the highest Type III sums 

of squares and was significant for all traits in all models, indicating that an extensive amount of 

variability had to do with human consistency between scan and slaughter days. Differences on 

scanning days may have been a result of improvement in technique over subsequent days as this 

method was newly developed. Differences on slaughter days may have been due to the meat 

cutter’s judgement on the division of the loin from the belly primal. Confidence in the accuracy 

of measures coming from the cut-out images was poor since the breakpoint between loin and 

belly primal is based on the loin resulting in an inconsistent dorsal belly face relative to the 

structures of the belly. Often there were images taken where the cutaneous trunci had not yet 

developed at the cut point, so no measurement could be taken for cutaneous trunci or for 

subcutaneous fat depth to the cutaneous trunci.  

 

If further research is to be conducted on belly probing, there will need to be a revaluation 

of site identification. While, the hypothetical sites selected are suitable candidates for providing 

accurate information about belly fat and lean content, the execution of scanning would need 

some improvement to reduce errors. An improvement in technique for scanning and 

identification on the carcass for the exact point of scanning are also needed. As well, it would 

likely be a useful exercise to further investigate the use of the backfat probing site for prediction 

of belly characteristics, or even the use of the backfat site in conjunction with one site on the 

belly for improved prediction.  

 

Selection for a genetically heritable trait 

 

Previous work estimating genetic parameters for belly traits found moderate to high 

estimates for heritability. Belly weight estimates were h2=0.69±0.10 (Rosendo et al., 2010) and 
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h2=0.33±0.06 (Kang et al., 2015), belly length was estimated to be h2=0.28±0.08 (Kang et al., 

2015), belly width was estimated to be h2=0.49±0.08 (Kang et al., 2015), belly muscle area was 

estimated to be h2=0.45±0.09 (Kang et al., 2015), belly fat area was estimated to be 

h2=0.27±0.08 (Kang et al., 2015), predicted fat % of the belly was estimated to be h2=0.34±0.06 

for (Hermesch, 2007). These high heritability estimates are consistent with high estimates for 

other carcass traits. Heritability estimates for backfat have ranged from 0.28 to 0.72 (Li and 

Kennedy, 1994; Kim et al., 2004; Suzuki et al., 2005; van Wijk et al., 2005; Hermesh, 2007; 

Cabling et al., 2015). Heritability estimates for other carcass traits such as loin weight, loin 

firmness, loin eye area, loin lean depth, and estimated % lean of the carcass have estimates 

ranging from 0.20-0.73 dependant on the trait of interest and the simplicity of inheritance 

(Brisbane,1996; van Wijk et al., 2005; Cabling et al., 2015).  

 

Kang et al. (2015) estimated genetic parameters for major belly muscle areas from the 

carcass. Much like the present study, images of a sectioned belly were taken and analyzed using 

a software package for muscle area. Moderate to high heritability estimates (0.12-0.66) were 

reported for 5 major muscles in this area (deep pectoral, latissimus dorsi, cutaneous trunci, rectus 

abdominus, and external abdominal oblique). Muscle area was taken from belly sections from 

the 6th to 14th thoracic vertebrae. The cutaneous trunci in particular had heritability estimates 

between 0.42-0.66 between vertebrae 7-13 with the highest estimate being h2=0.66±0.08 at 

vertebrae 11. Genetic correlations in this study were positive and moderate between cutaneous 

trunci at the 10th and 11th vertebrae with belly weight (0.4728 and 0.3526, respectively), belly 

width (0.3732 and 0.4110, respectively), latissimus dorsi (0.2743 and 0.1501, respectively), and 

area of belly muscle (0.3979 and 0.5280, respectively). As well, within belly genetic correlations 

for cutaneous trunci were moderate to high, up to 0.9087. These results are encouraging from a 

genetic standpoint in that belly subcutaneous fat depth and belly cut depth likely are heritable. 

  

The current study did not have much success in producing a live animal estimate for 

cutaneous trunci depth heritability; however, subcutaneous fat and cut depths appeared to 

estimable despite large standard errors (Table 11). Backfat was estimable from this study 

(0.42±0.203) and provided similar results to previous work. Genetic parameter estimates from 

measurements taken on carcass images provided no estimate for subcutaneous fat depth or 

cutaneous trunci depth; however, the estimate for cut depth was similar to those provided from 

the live animal scans (0.16±0.171 compared with 0.20±0.193 from the first scan location and 

0.16±0.188 from the second scan location). Belly subcutaneous fat depth was estimable from 

both scan locations (0.27±0.189 and 0.21±0.183). Some bi-trait models increased estimates for 

fat depth at the first scan location (0.36±0.210 with inclusion of carcass fat), depth of the cut at 

the first scan location (0.28±0.220 with inclusion of carcass cut), and depth of the cut at the 

second scan location (0.31±0.215 with the inclusion of cutaneous trunci depth at the second scan 

location). Due to the small sample size, most genetic correlations could not be estimated or the 

standard errors were larger than the estimate. The only notable genetic correlations (Table 11) 

from the bi-trait models were found between backfat and carcass cut depths (0.79±0.300), belly 

fat depths at the second scan location with backfat (0.47±0.397), belly fat depths at the second 

scan location with belly fat at the first scan location (0.92±0.224), belly fat depths at the second 

scan location with cutaneous trunci depth at the first scan location (0.47±0.770), belly fat depths 

at the second scan location with cut depth at the first scan location (0.73±0.458) and fat depth at 

the second location with cut depth at the second location (0.71±0.562). Thus, it may be worth 
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investigating whether scanning for backfat in conjunction with using a single location on the 

belly can be expected to give accurate genetic evaluations for belly fat and cut depths.  

 

 In order to obtain more accurate genetic parameter estimates, there needs to be a larger 

data set. Rothschild et al. (1987) presented research at the National Swine Improvement 

Federation Conference and Annual Meeting on contemporary group size for accurate estimation 

of breeding values. While estimation of genetic parameters typically requires even more animals 

than estimation of breeding values, the work by Rothschild et al. (1987) brings up some useful 

points on how to improve accuracy. The two major factors that will improve accuracy are 

increases in contemporary group size and increases in number of sires per contemporary group. 

This needs to be balanced however as increasing number of sires per contemporary group 

without an increase in group size can decrease the accuracy of estimation. Rothschild et al. 

(1987) suggest as a guideline, a group of 100-150 pigs for 3 sires needed to produce more 

accurate genetic evaluations. If increasing contemporary group size is not possible, accuracy of 

estimation can be improved by linking contemporary groups through sires. In the present study, 

there were multiple sires per contemporary group and linked contemporary groups; however, 

each sire only had 1-19 offspring in the whole study, which is well below the recommended 40-

50 progeny per sire (Rothschild et al., 1987).  

  

Alternatively, a genomic route may be of interest for belly primal selection. This would 

likely be very costly as it would need to be done in conjunction with magnetic resonance 

imaging (MRI) or an online ultrasound evaluation of the carcass AutoFOM in order for 

measurements on the belly to be taken without destroying the primal and reducing its value.  
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Chapter 3: Conclusions 

  

Changing consumer preferences and demographics have created a shift in North 

American primal values over the past decade raising questions about the effectiveness of current 

swine selection programs in addressing consumer demands. Ribs and belly primals have 

consistently been the two major players in determining total carcass value over the past 5 years. 

However, on-farm selection programs still only capture live animal measurements on the loin 

primal. This discrepancy helped lay the foundation for this body of work where the goal was to 

evaluate the use of existing technologies for measuring belly characteristics.  

 

The preliminary study was successful in developing a single location with reliable 

landmarks for live animal belly scanning. The developed location would be an easy transition for 

ultrasound technicians previously trained to scan for measurements on the loin as similar 

landmarks and methodology were used.  

 

Carcass measurements of belly subcutaneous fat depth, cutaneous trunci depth, and belly 

cut depth could be predicted from corresponding ultrasonic measurements at a single location on 

the belly. Despite correlations between corresponding ultrasonic measurements and carcass 

measurements being low to moderate (0.26-0.41), these results were still encouraging from a 

quantitative genetics standpoint. Some correlation between measurements is better than no 

correlations between measurements, meaning that selection for a trait with a moderate 

correlation is possible using a live animal ultrasound scan. 

 

There was little evidence to suggest that further research on measuring cutaneous trunci 

depths would be worthwhile as this trait appears to not be heritable. This could be due to the 

difficulty in obtaining accurate measurements both on the live animal and on the carcass. It 

would likely be better to focus on belly subcutaneous fat, backfat, and depth of the overall cut as 

these seem to play a bigger role in the lean to fat ratio of the belly and could be estimated for 

heritability. While more data is still needed to estimate genetic parameters for these belly traits, 

they could eventually be included in a genetic selection program. Additionally, the consistency 

of methodology between scanning the loin primal and the belly primal would mean easy 

adoption into an on-farm selection program. 

 

Overall, this study has laid some fundamental groundwork for further research in the area 

of ultrasound belly evaluation. Live-animal belly evaluations could be implemented into a 

genetic selection program following additional work to estimate genetic parameters using a 

larger data set. 
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