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ABSTRACT 
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Pork grading is a feedback system that provides limited information to producers for 

helping them market lean carcasses at an optimum weight for increasing financial returns for 

both producers and packing plants. This study evaluated an advanced ultrasonic system 

(AutoFom III) for pork grading in order to acquire more information about carcass quality than 

the current system using the Destron PG-100 probe to evaluate carcasses at only one site. Use of 

AutoFom III improved accuracy (R2 = 0.77, RMSE = 1.83) for determining carcass lean yield 

with the advantage of accurately predicting whole shoulder and loin weights compared to 

grading with the Destron PG-100. This study also examined relationships between longissimus 

muscle (loin) ultimate pH and colour measurements with corresponding values for ham and 

shoulder muscles. Loin colour and pH were generally weakly to moderately correlated (r = -0.10 

to 0.58) with corresponding measurements for ham and shoulder muscle.
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CHAPTER 1 

GENERAL INTRODUCTION 

1.1 Introduction 

The Canadian pork industry is highly recognized due to its position as one of the leading 

producers of pork in the world. Currently, Canada is ranked the 3rd largest pork exporter in the 

world with 70% of its pork exported globally (Canadian Pork Council, 2020). At the end of 

2020, Statistics Canada (2021) reported 7,650 recognized Canadian farms producing 14 million 

pigs with the pork from 5.2 million pigs exported. These include breeding, feeder, and market 

pigs. To sustain this production level and increase exports to remain competitive in the global 

marketplace, the Canadian pork industry needs to ensure that high quality pork is produced so 

that domestic and international consumers consistently have positive eating experiences when 

they eat Canadian pork (Purslow et al., 2008). That notwithstanding, some improvements should 

be made regarding the current on-line evaluation of carcasses in commercial processing 

facilities. This will help provide pork producers with information along with an effective 

incentive to improve pork carcass quality and an upgraded method for monitoring carcass 

leanness/fatness. 

Presently, Canadian pork's commercial value is assessed by measuring carcass weight and 

estimating or predicting leanness (Pomar and Marcoux, 2005). With this system, producers are 

paid based on estimated saleable lean yield assessed on the slaughter line using grading probe 

technology. A premium is provided for desirable pork carcasses (processing facilities specific 

targets are for carcass weights with high amounts of saleable lean yield and optimal levels of 

fatness to maintain quality of the belly primal) with discounts for undesirable carcasses 

(excessively light/heavy carcass weights with excess fat) as processing facilities want to 

maximize financial returns while limiting the production of low value fat trim. Pork carcasses are 
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usually graded in Canadian commercial processing facilities using electronic grading probes 

such as Hennessy or Destron probes. Leanness and fatness measurements are now assessed at 

only one location on the carcass (loin) using electronic grading probes (such as Hennessy or 

Destron probes) to provide information on the commercial value of the carcass (Knecht et al., 

2016). Unsurprisingly, previous studies have reported weaknesses and limitations relating to 

using these grading probes on only one site on the carcass rather than assessing leanness/fatness 

throughout the carcass (Pomar and Marcoux, 2003; Pomar and Marcoux, 2005; Knecht et al., 

2016). Hence, alternative grading technologies are warranted to help improve the current 

methods for evaluating Canadian pork at commercial packing plants. 

The use of an advanced ultrasonic image analyzer (AutoFom III; Carometec Food 

Technology A/S; Denmark) for grading pork at packing plants in Canada may improve 

measurements for determining saleable lean yield throughout the entire carcass as compared to 

the current method for grading using electronic grading probes at only one carcass site. 

Ultrasound technology may provide more comprehensive information to better inform producers 

about the pigs they are producing with their current management and marketing systems, and if 

changes are necessary to become more profitable. The Canadian pork industry needs to provide 

more information to producers so that they market pigs that specific processing facilities desire 

to maximize financial returns and limit lost value potential. 

Variation in pork quality attributed to carcass weight and leanness poses financial 

consequences with lower returns from processing facilities for undesirable carcasses and higher 

costs of production for heavy and/or overfat pigs. Thus, providing producers with comprehensive 

carcass data on weight and leanness will enable them to alter feeding and marketing programs to 

maximize returns on their pigs in order to reduce carcass variability and improve pork quality. 
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1.2 Objectives of the Research 

• To compare the prediction of saleable meat yield or carcass lean yield in pork 

carcasses via probe technology (Destron PG-100), ultrasound technology (AutoFom 

III), and left side carcass dissection into primals followed by determination of lean, 

fat, and bone content. Here, the primary aim is to use a Canadian commercial pork 

processing facility for evaluating AutoFom III, a type of grading technology initially 

developed in Denmark to measure and predict carcass leanness throughout the carcass 

and for individual primal cuts. 

• To examine the effects of hot carcass weight (HCW) and gender on longissimus 

muscle composition and meat quality traits. Carcass composition traits of interest 

included whole loin weight, loin eye area, loin weight as a percentage of hot carcass 

weight, total lean weight, and amounts of external fat. Furthermore, assessment of 

longissimus muscle quality included subjective measurements for marbling, and 

objective determination of intramuscular fat (IMF) content, respectively. In addition, 

objective measurements for colour and ultimate pH (24 h) were conducted on selected 

muscles in the loin, shoulder (butt, picnic), and the ham to examine relationships for 

these quality traits across muscles in the carcass. 

1.3 Hypothesis 

Objective 1 

It was hypothesized that measurements of carcass leanness using AutoFom III will 

improve accuracy for determining saleable lean yield throughout the entire carcass as compared 

with the current method measuring leanness at one location using electronic grading probe 
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technology. This hypothesis was based on past studies that reported strong positive correlations 

between saleable lean yield information obtained from AutoFom III compared to saleable lean 

yield information collected from manual cut-outs in lighter weight carcasses than those found in 

current Canadian pork production. We further hypothesized that HCW and gender will affect 

backfat thickness, muscle depth, and saleable lean yield for pork carcasses but there will be no 

gender by method interactions for determining saleable meat yield. 

Objective 2 

It was hypothesized that HCW and gender will affect longissimus muscle composition and 

IMF content. Additionally, we hypothesized that longissimus muscle colour and pH will not 

correlate with most colour and pH measurements from various muscles in the shoulder and ham. 

Conestoga Meat Packers Ltd. provided assistance at the packing plant along with financial 

support for the testing of AutoFom III ultrasound technology to determine its accuracy for 

estimating saleable lean yield. 

1.4 Literature Cited 

Canadian Pork Council. 2020. Foreign trade. Retrieved from https://www.cpc-ccp.com/foreign-

trade. 

Knecht, D., Duziński, K., and Lisiak, D. 2016. Accuracy of estimating the technological and 

economic value of pig carcass primal cuts with an optical-needle device. Canadian 

Journal of Animal Science, 96(1), 37–44. https://doi.org/10.1139/cjas-2015-0048. 

Pomar, C. and Marcoux, M. 2003. Comparing the Canadian pork lean yields and grading indexes 

predicted from grading methods based on Destron and Hennessy probe measurements. 

Canadian Journal of Animal Science, 83(3), 451–458. https://doi.org/10.4141/A02-107. 

Pomar, C., and Marcoux, M. 2005. The accuracy of measuring backfat and loin muscle 

thicknesses on pork carcasses by the Hennessy HGP2, Destron PG-100, CGM and 

ultrasound CVT grading probes. Canadian Journal of Animal Science, 85(4), 481–492. 

https://doi.org/10.4141/A05-041. 
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Purslow, P. P., Mandell, I. B., Widowski, T. M., Brown, J., deLange, C. F. M., Robinson, J. A. 

B., Squires, E. J., Cha, M. C., and VanderVoort, G. 2008. Modelling quality variations in 

commercial Ontario pork production. Meat Science, 80(1), 123–131. 

https://doi.org/10.1016/j.meatsci.2008.05.022. 

Statistics Canada. 2021. Livestock estimates. Retrieved from 

https://www150.statcan.gc.ca/n1/daily-quotidien/200820/dq200820a-eng. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Overview of the North American Pork Industry 

Pork is the most consumed meat in the world, accounting for over 36 percent of meat 

consumption worldwide (FAO, 2021). According to the USDA (2020), Canada and the United 

States account for roughly 15.3% of total pork production worldwide (Table 1). The North 

American pork industry has experienced significant changes over the past decade, making it a 

very dynamic agricultural sector. This is primarily due to leading-edge research and development 

that focuses on multiple disciplines including pig health, nutrition, management, meat science, 

and global trade/economics (Boyd et al., 2019). Over the years, there have been tremendous 

improvements in the efficiency of pig production using management programs that are consistent 

with producing safe food and improving pig health, all of which have contributed to enhanced 

international trade relationships among countries. However, the North American pork industry 

has faced some challenges in various areas along the production chain that have resulted in 

inconsistent support from some international customers. One of the most damaging threats to the 

Canadian pork industry, for instance, has been international trade issues with China, which 

caused pork exports from Canada to China to halt for a period of five months in 2019. 

Similarly, the United States pork industry has also been faced with some punitive, 

retaliatory trade tariffs that China and other countries have imposed (NPPC, 2019). These two 

countries' markets (Canada and the United States) are closely related such that fluctuations in 

one country’s prices and supply are generally felt in the other country (Statistics Canada, 2020). 

In addition, the recent COVID-19 pandemic has caused many producers and packers in the North 

American pork industry to lose a considerable amount of revenue due to temporal plant closure. 
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However, irrespective of these shortcomings, the industry remains resilient and strives to 

overcome these challenges to maintain competitiveness and expand production. 

2.1.1 Canadian Pork Industry in Perspective (Statistics) 

Currently, Canada is ranked 7th in pork production, but 12th in consumption (USDA – FAS, 

2021; Table 1), due to Canada consuming much less pork versus what it produces as compared 

to other countries. In 2019, there were 20.8 million pigs slaughtered at federally inspected 

packing plants in Canada producing 2.1 million tonnes of pork (CPC, 2021). In 2020, the 

domestic per capita consumption of pork in Canada was roughly 22 kg/person/year, resulting in 

830 million tonnes of pork being consumed domestically (USDA, 2021). This calculates to a 

production to consumption ratio of 2.54, meaning that Canada produces 2.54 times more pork 

than what is consumed domestically. 

Despite the COVID-19 health pandemic, total pigs slaughtered and pork production 

increased 2.8% and 4.1%, respectively in 2020 versus 2019. As previously mentioned, Canada is 

very much an export-dependent country with the United States, Japan, and China/Hong Kong as 

its three largest export markets (CPC, 2021). Between November 2019 and November 2020, 

Canadian total pork exports in value and volume rose by 21.6% and 18.6%, respectively, 

eventually reaching higher levels than any point in 2019 (AAFC, 2020). Despite the rise in total 

volume of pork exported worldwide, the exports to individual countries such as Mexico, the 

Philippines, Taiwan, and the European Union decreased in terms of volume, probably due to the 

partial shutdown of plants following the COVID-19 outbreak. That notwithstanding, the value of 

exports to Ukraine, Japan, and the United States increased by 5%, 2%, and 1.5%, respectively, 

between November 2019 and November 2020. 
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In 2018 and 2019, Japan was the top destination for Canadian pork in terms of value, while 

the United States was the top destination in terms of volume. However, China topped the chart 

for both value and volume in the year 2020. This could be attributed to the reopening of the 

Chinese market to Canadian pork after a five-month suspension of Canadian pork imports from 

June to November 2019. The widespread outbreak of African Swine Fever (ASF) in China 

resulted in a drastic reduction in the population of live pigs in China with a major impact on the 

Chinese pork industry that has contributed to the rise in Chinese pork imports from Canada. 

Surprisingly, pig prices in Canada dropped in 2020 compared with 2019, despite the rise in 

exports to mostly China, the United States, and Japan. This is likely due to the COVID-19 

outbreak in China and subsequent worldwide spread of COVID-19 (Statistics Canada, 2020) 

which most likely decreased pork consumption. There was a 12.5% and 14.5% decrease in prices 

for both pork sold domestically and internationally, respectively, which could be attributed to 

oversupply and a decrease in international demand (Statistics Canada, 2020). 

While the Canadian pork industry exports large amounts of pork and pork products, 

Canada also imports large quantities of pork and pork products. Canada is one of the top 

importers of pork from the United States, importing $1.2 billion (USD) of U.S. pork in 2017 

(CPC, 2021b). The large importation from the U.S. may be partly due to the integrated nature of 

the trade relationship among Canada, the United States, and Mexico. Furthermore, it could be 

because of the advantage U.S. producers have in finishing pigs due to ready access to low-cost 

supplies of American corn and soybean meal. Although Canada imports mainly from the United 

States, it also imports pork from several European countries such as Germany, Denmark, Italy, 

and Poland (CPC, 2021a; AAFC, 2021). A total of 157,637 metric tonnes and 179,437 metric 

tonnes of fresh and frozen pork was imported into Canada in 2019 and 2020, respectively (CPC, 
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2021a). In comparison, there was a 13.8% increase in imports of fresh and frozen pork into 

Canada in 2019 and 2020, with the United States being the top country for imported pork 

products. 

Furthermore, there was an increase in total volume of fresh and frozen pork imported from 

Mexico, the United States, Germany, Poland, and Denmark. On the other hand, Canadian 

imports of processed pork constituted 234,386 metric tonnes and 254,546 metric tonnes in 2019 

and 2020, respectively (CPC, 2021a). The increase in Canadian imports from 2019 to 2020 was 

8.6%, mostly attributed to pork from the United States. However, unlike fresh and frozen pork, 

imports of processed pork from the U.S. decreased by 3.0% in 2020. 

2.1.2 United States Pork Industry in Perspective (Statistics) 

The United States is the world’s third-largest producer and consumer of pork by volume, 

behind the European Union and China (USDA - ERS, 2019). In 2020, there were approximately 

131.8 million head of pigs slaughtered in the U.S. resulting in 12.8 million tonnes of pork 

produced (USDA – NASS, 2020). The pork industry also saw a 1.5% rise in total pork 

production over the past two years (AAFC, 2020). While the U.S. is a leading producer of pork, 

producers also import weaning-weight pigs, market-weight pigs, and breeding pigs. 

Correspondingly, the U.S. also relies heavily on exporting pork, market pigs, and breeding pigs.  

Regarding pork exports, the United States has increased the exportation of fresh and frozen 

pork cuts over the past two years by 411,862 metric tonnes, with China, Mexico, and Japan being 

the top three foreign markets (USDA – ERS, 2021). Becoming relevant in the export market is a 

consequence of specific structures that have been put in place by the pork industry. Over the 

years, the industry has shifted from many small, independently owned pig operations toward 

fewer, more extensive operations that rely on contracting and vertical integration (USDA – ERS, 
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2019). This consolidation has helped position the industry in several productive ways. There are 

fewer risks, and the greater optimization of nonseasonal (variation in occurrence according to the 

season) processing capacity has allowed for more consistency in slaughter numbers regardless of 

season. In addition, genetic, nutritional, and management improvements are more consistently 

adopted by industry producers. Pork exports add significantly to each United States pork 

producer's bottom line. Thus, opening new and expanding existing markets for American pork 

exports through free trade agreements are vital to the continued success of the United States pork 

industry (NPPC, 2019). 

In terms of imports, the United States imported 4,279 metric tonnes of pork from Canada 

in the past two years (USDA – ERS, 2021). Canada and the European Union are the most 

common destinations for pork exported from the United States. However, Canada’s pre-

eminence as a supplier to the United States is a recent development, since Canada and Denmark 

each previously used to supply about two-fifths of American pork imports (USDA – ERS, 2019). 

The change for the Canadian pork industry may be due to the revised version of the U.S.-

Mexico-Canada Agreement [USMCA; previously known as the North American Free Trade 

Agreement (i.e., NAFTA)], which has lowered the overall trading costs relative to Denmark. 

Furthermore, the significant expansion of the Canadian pork industry may have also contributed 

to increased exports to the U.S. Nevertheless, the USDA – ERS (2019) predicts the European 

Union's domination in the United States market will remain for a while longer because of its 

affordable supply of ribs and other specialty pork cuts. 

2.2 History of Pork Grading in Canada 

In 1968, the Canadian carcass classification and settlement system introduced mandatory 

national standards for weight and leanness of pork carcasses. This was implemented at each 
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packing plant with the average carcass determined for the plant based on weight class and fat 

class. According to Fortin (1989), the fat class was defined as the sum of two ruler backfat 

measurements on the split carcass taken at the point of maximum thickness at the shoulder and 

maximum thickness at the loin, and weight classes were defined in 10 lb (4.54 kg) intervals. This 

changed slightly in the 1980’s where fat class was redefined in 1981 as a single ruler backfat 

measurement on the split carcass taken at the point of maximum thickness at the loin. In 1986, 

the Canadian system was extensively revised with the implementation of a pork carcass 

classification system. This started with the introduction of using light reflectance probes to 

objectively measure backfat thickness and muscle depth. This was followed by redefinition of 

weight classes expressed in 5 kg intervals, and the replacement of fat classes with lean yield 

classes. According to Usborne et al. (1987), the pork carcass classification system utilized 

electronic grading probe technology, which measured depths of subcutaneous fat and 

longissimus muscle on the left side of the carcass on the longissimus muscle interface between 

the 3rd and 4th last ribs, 7 cm off the mid-line of the split carcass. These measurements are used to 

estimate lean yield which is converted into a yield class to provide an index class (Fortin, 1989). 

Illustratively, the average carcass was assigned a basis index of 100 for price settlement between 

the packer and producer. This index increased/decreased based on carcass leanness/fatness that 

was greater/lower than average to create a grade index for individual pigs that was linked to 

value of the carcass based on carcass lean yield (Figure 1). There have been a variety of grading 

probes used to measure fat and longissimus muscle depths including the Hennessy (Hennessy 

and Chong Ltd., Auckland, New Zealand), Destron (Anitech Identification System Inc., Ontario, 

Canada), and Fat-O-Meater (SFK Ltd., Hvidovre, Denmark) probes. 
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Historically, livestock carcass grading, and specifically those used for beef and pork, has 

been a service provided by the Federal Government’s Department of Agriculture and Agri-Food 

Canada (AAFC). However, the inability to control the costs of the service delivered by AAFC 

and paid for by the industry caused both industries (beef and pork) to call for the privatization of 

the grading system to take full responsibility for cost and management control (Gracey, 1997). 

The pork and beef industries independently decided to privatize the grading system while also 

taking separate routes. Gracey (1997) stated that although some industry stakeholders believe 

that a single grading agency for beef and pork can help achieve managerial and administrative 

efficiencies, several major disparities in the approach may make it impractical. To start with, the 

limited number of major packing plants for both pork and beef makes the grading of both species 

by the same set of graders limiting. Additionally, the pork industry allowed for the 

discontinuance of pork grading regulations, while the beef industry maintained theirs. The pork 

industry also concluded that the integrity of their grading system was of most importance, so, 

they did not require a legislated foundation. 

In 1996, the national pig carcass grading system was finally privatized when AAFC 

relinquished its grading program, which led to the establishment of provincial grading systems 

and grids (based on weight classes and estimated lean yield proportions of each carcass) on 

which price negotiations are conducted (Gracey, 1997). This means that a province like Ontario 

used collaboration between its Pork Producers Marketing Board (OPPMB) and packers to 

establish the Ontario Pork Grading Authority (OPGA) which is independent of other provinces 

in the country. However, there was an unanimity by the newly provincial agencies to keep the 

national prediction equation that was derived from the 1992 national cut-out study, which was 

readjusted in 1994 (Fortin, 2004). The provincial grading factors were similar to U.S. grading 
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standards at the time, which included measurement of weight and prediction of leanness using 

measurements of fat depth and muscling. One of the major issues with this system in Canada is 

that grading varies amongst provinces. The differences may be due to specific marketing systems 

and services developed to suit the market conditions in the various provinces. Additionally, each 

province's grading grids are periodically altered, making price comparisons across provinces 

challenging. Thus, it is difficult at the national level to have any clarity on a single national 

standard. In addition, there are also plant-to-plant differences for assessing value for pork 

carcasses. 

After several years of maintaining the 1992 prediction equation, some provincial grading 

agencies (Saskatchewan, Manitoba, Alberta, Québec) began to explore possible revisions (Fortin, 

2004). The main reason that revisions were warranted was because the prediction equation was 

old, and pigs were heavier when compared to pigs sampled in the 1992 national cut-out study. 

Hence, more regional approaches were taken to develop new prediction equations specific to the 

region. Nonetheless, this could only solve plant-to-plant variation within a region, at the expense 

of disparities between regions. A recent publication studied the relationship between the current 

hot carcass weights (44.60 to 165.80 kg) and leanness in Ontario pork, and concluded that the 

predicted lean yield equation is not affected by heavier weight pork carcasses (Barducci et al., 

2020). 

2.2.1 Current Pork Grading in Canada 

Polkinghorne and Thompson (2010) defined grading as the placement of different values 

(e.g., indexes) on carcasses for pricing purposes, depending on the market and requirements of 

merchandizers. Under the Canadian grading system, the yield grade for a given carcass is 

determined from a prediction equation based on an instrumental measurement of backfat and 
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muscle depths on barrow and gilt carcasses measured on the longissimus muscle interface 

between the 3rd and 4th last ribs, 7 cm off the exposed surface of the split carcass (Pomar and 

Marcoux, 2003; Fortin, 2004). Researchers used a grading probe which is based on light 

reflectance technology to measure depths of backfat and longissimus muscle. These depth 

measurements are then used to estimate carcass lean yield or the amount of lean meat in the 

carcass. With this, the entire value of the carcass is solely based on an estimation of the lean-to-

fat ratio for the carcass. Lean-to-fat ratio is the relative proportion of the lean content to the fat 

content in a carcass, usually expressed as a percentage. As the percentage of lean increases for a 

particular pork carcass, the cost per kilogram for that carcass also increases, providing more 

revenue for the producer. Today, most pork grading systems in Canada factor in two major 

parameters: weight of the carcass and an estimation of lean yield percentage (Canada Gazette, 

1986; Pomar and Marcoux, 2003) which are consolidated into the form of a grading grid (based 

on weight classes and estimated lean yield proportions for each carcass; Figure 1). A grade 

index is determined for each carcass based on the dressed carcass weight and the estimated 

percent lean yield, with a few demerit conditions that reduce its value such as carcass trim. This 

grade index can be identified with a grid based on the intersection of the dressed carcass weight 

and the estimated percent lean yield within the grid (WHE, 2014). The highest-grade indexes 

within the grid will provide the most revenue for producers on an individual pig basis. The 

highest-grade indexes (sometimes referred to as the “sweet spot”) have been established based 

on specific carcass characteristics the packing plant has determined that will provide the greatest 

value from the pork carcasses that the plant produces. 

Estimated lean yield, also referred to as an estimation of the lean cut-out, was defined by 

Pomar and Marcoux (2003) as “the proportion of tissues of interest from a carcass obtained 
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according to a reference method in which carcass preparation and the extent of carcass dissection 

are precisely described.” While a lean cut-out focuses on determining how much lean is present 

on the carcass, quantification of some fat and bone are also included in determining lean yield. 

Pomar et al. (2008) stated that fat from the belly and bones from the side ribs are included in the 

estimation of lean cut-out. Correspondingly, the estimation of lean percentage can be defined in a 

variety of different ways – a prediction of cutting yields, a prediction of primal cuts, or a 

prediction of boneless retail cuts. However, the optical grading probe predicts the fat-free lean 

cutting yield of pork carcasses. 

One of the primary purposes for grading pork carcasses in commercial packing plants is to 

facilitate trade and develop a payment system for producers that determines the uniformity of 

their product based on quality (tenderness, juiciness, flavour), yield, and value (Price, 1995; 

Pomar and Marcoux, 2003). In addition to this, another reason for grading pork carcasses is to 

maintain the consistency of the product in the market. However, there is currently no national 

pork grading system for measuring meat quality attributes in Canada. Thus, pork grading does 

not consider meat quality measurements (Pomar and Marcoux, 2010), making it simply a 

feedback system that provides payment incentives to producers for marketing lean carcasses at 

an optimum weight. Despite the importance of carcass lean yield, meat quality (tenderness, 

juiciness, flavour) is also important and warrants consideration to help curb some of the 

inconsistencies in the grading system. Additionally, assessing carcass quality will help packers 

move desirable pork products into markets (e.g., export or domestic, and further processors, 

retailers, or food service operators) that optimize financial returns for the plant. 
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2.3 Methods Used for On-line Pork Carcass Measurements 

All pigs slaughtered at provincially and federally inspected processing facilities in Canada 

are assessed on-line for saleable lean yield which is defined as the proportion of the four lean 

primal cuts (picnic, butt, loin, and ham), along with the weight of the skinless trimmed belly and 

side ribs (Fortin et al., 2004; Pomar et al., 2008). However, the methods and equipment that have 

been used (typically optical probes) vary from plant-to-plant, and the choice of 

method/equipment is contingent on cost, durability, and performance (Fortin et al., 1984), as well 

as portability, speed of operation, non-invasiveness, and the confidence entrusted to that 

method/equipment. Several types of technologies have been designed to objectively measure 

backfat and muscle depths in order to calculate a predicted lean yield. Pomar and Marcoux 

(2010) grouped these technologies into three categories: optical probes (e.g., Destron PG-100, 

Fat-O-Meater, Hennessy Grading Probe, Capteur Gras-Maigre, and Danish Classification 

Centre), ultrasound technologies (e.g., Ultrafom, Carcass Value Technology (CVT), and 

AutoFom), and artificial vision (e.g., VCS and CSB-Image-Meater). 

Currently, most pork processing facilities around the world, specifically in North America 

and Europe use optical probes or ultrasound technology to predict carcass lean yield and value 

(Berg et al., 1999; Fortin et al., 2004; Schinckel et al., 2010). Nevertheless, the common 

technologies used in Canada for grading pork carcasses at commercial facilities are the HGP2 

Hennessy and the DPG-100 Destron optical probes. The optical probes automatically measure 

backfat and loin muscle depths based on the principle of differential light reflectance, that is, the 

difference in light reflection between muscle and fat as the probe tip passes through the various 

carcass tissues (Fortin et al., 1984; Pomar and Marcoux, 2005; Pomar et al., 2008). However, 

there are some reservations about the use of optical probes on the slaughter line. Schinckel et al. 
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(2010) posited that carcass trait measurements gathered by optical probes are subject to operator 

and random measurement errors. In most instances, the backfat thickness and muscle depth 

measurements are taken at inaccurate angles or different anatomical positions; hence, errors are 

expected to be present in such measurements. Furthermore, the possibility for multiple probing 

or skipping of carcasses on the moving rail at normal slaughter speed should not be completely 

ignored. In day-to-day operations in pork packing plants, backfat and muscle depth 

measurements are taken at the Canadian grading sites (between the 3rd and 4th last ribs, 7 cm off 

the mid-line, on the left side of the carcass) by using optical probes shortly before the carcasses 

enter the chill cooler. Probe values are then evaluated with computer software programs to 

generate an estimated lean yield percentage for an individual carcass while the hot carcass 

weight is also considered in establishing the grade index for an individual carcass. Thus, the 

increase in hot carcass weight over time may bring about disparities between prices allocated to 

carcasses (Pomar and Marcoux, 2003). 

Concerns about the accuracy of a single site approach necessitated the introduction of 

ultrasound systems. Although the initial introduction of ultrasound systems (CVT, AUS, Inc, 

Ithaca NY, USA; Ultra-FOM-300, SFK Technologies, Denmark) improved measurement 

accuracy when compared with optical probes, a single measurement location approach was still 

utilized (Pomar et al., 2001; Fortin et al., 2003). Different studies in Canada have reported 

prediction errors for CVT ranging from 1.57 to 2.27% (Pomar et al., 2001; Fortin et al., 2004, 

2005a). Researchers from Canada, Poland and United Kingdom also reported prediction error 

values of 1.70 to 2.38% for Ultrafom (Piechocki et al., 1994; Daumas and Dhorne, 1998; Fortin 

et al., 2004, 2005a). Consequently, on-line pork carcass grading with a digitized three-

dimensional (3D) ultrasound system (AutoFom) that performs a whole carcass scan was 
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developed. The AutoFom system is fully automated and has been reported to be a successful 

predictor of backfat thickness and primal lean yield percentage with an accuracy of 1.58 to 

1.95% (Brøndum et al., 1998). According to Pomar et al. (2008), bright images produced from 

the ultrasound system portray the interfaces between the transducer and the carcass skin, skin 

and fat, fat and muscle, and muscle and bone. This contrasts to dark images which represent the 

uniform part of muscle tissues. Based on these images, simple algorithms are developed to 

accurately measure fat and muscle depths. 

2.4 Determining Saleable Lean Yield for Pork Carcasses 

In several countries, pork carcasses are graded by predicting the saleable lean yield 

(Marcoux et al., 2007), using measurements of fat and muscle depths taken at a particular 

location on the loin of the carcass. Saleable lean yield is the proportion of the carcass that can be 

disassembled and processed to be sold to the consumer; this can be calculated and expressed as 

either yield of bone-in or boneless cuts. Traditionally, the saleable lean yield is determined by 

dissecting the pork carcass into primal cuts (butt, picnic, loin, belly, and ham) and sub-primals to 

determine lean, fat, and bone content. But the increased number of slaughter pigs over time at 

packing plants do not make the traditional methods practical. Furthermore, according to Marcoux 

et al. (2007), the dissection process allows for the calculation of the proportion of the tissues of 

interest (lean and/or fat and/or bones) (used as the numerator) relative to the weight of the 

carcass (used as the denominator). However, this method is expensive, time-consuming 

(typically takes half an hour for a butcher to dissect a half carcass) and difficult to standardize 

(Pomar et al., 2008). Consequently, several non-invasive technologies were invented to predict 

pork carcass lean yield for replacement of carcass dissection. These new technologies can be 



 

19 
 

used to help improve upon the old methods by helping achieve a greater level of precision and 

accuracy for predicting lean yield. 

The definition of saleable meat yield or lean yield differs greatly between countries and is 

mostly calculated based on a reference method. Saleable lean yield is the term used in Canada 

and is defined by dividing lean weight from ham, loin, belly, and shoulder primal cuts plus 

tenderloin by the total weight from the half carcass primal cuts. The United States uses the term, 

fat free lean yield, where the weight of the fat is subtracted from the total lean weight of a 

carcass side and the results divided by the weight of carcass side. Europe uses lean meat 

percentage to defend the lean weight of a carcass side divided by the total weights of the twelve 

joints from the carcass side. Similarly, the choice of the tissues of interest mentioned previously 

may depend on the consumer and industry requirements or other applicable reasons (Pomar et 

al., 2008). In Canada, saleable meat or lean yield has been mathematically defined in different 

ways: 

weight of lean in ham, loin, belly, picnic and butt

weight of five primal cuts
 

       Fortin et al., 1984 

weight of lean in ham, loin, picnic and butt

weight of primal ham, loin, picnic and butt
 

       Rae et al., 1985 

weights of the boneless, defatted ham, loin, picnic, and butt + skinless belly + tenderloin + side ribs

warm carcass weight
 

          Usborne et al. , 1987 

[weight of the side ribs, the commercial belly, the muscles of the half carcass except:

(the weight of the jowl muscles, the muscles between the neck bones and the muscles around the picnic ribs)]

[weight of the dissected tissues (skin, fat, lean, bone)of the half carcass including the feet, tail and jowl]
 

          Pomar et al., 2001 

[(lean in picnic, butt, loin, tenderloin and ham) + belly(skinless, trimmed) + side ribs]

weight of cold side
 

          Fortin et al., 2004 
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[weight of the commercial cuts (loin, ham, picnic, butt, belly, side ribs and hock)]

[weight of the four primal cuts (loin, ham, belly, shoulder)]
 

          Marcoux et al., 2007 

The differences in the mathematical formulas may be due to the intended purpose for the 

individual study. For example, lean cut yield examined by Rae et al. (1985) excluded the belly, 

while Marcoux et al. (2007) considered the overall sum of valuable pork for human consumption 

to include lean, boneless primal cuts, and the belly. 

2.4.1 Use of Destron and Hennessy Optical Probes for Predicting 

Saleable Lean Yield 

On-line determination of pork carcass lean yield has been performed using different types 

of equipment over the years. Light reflectance devices such as the Destron PG-100 (DPG) and 

Hennessy grading probes (HGP) have been commonly used. Berg et al. (1999) posited that these 

devices function under the principle that white-coloured fat will reflect more light than darker-

coloured lean. Generally, the DPG uses infrared light reflectance to measure backfat thickness 

and muscle depth in pork carcasses, whereas the HGP emits light in the green spectrum (Fortin et 

al., 1984). Also, there are differences in the sensitivity of the reflection-measuring devices and 

the type of software used for reading and interpretation of data (Pomar et al., 2008). Hence, both 

probes have different prediction equations as outlined below, specifically the Canadian lean yield 

(CLY) equations: 

DPG: CLY (%) = 68.1863 - 0.7833f + 0.0689m + 0.0080f2 – 0.0002m2 + 0.0006fm  

HGP: CLY (%) = 67.2327 – 0.7877f + 0.1086m + 0.0087f2 – 0.0004m2 –0.0002fm 

Where CLY is the Canadian lean yield value for the individual carcass and f and m are the 

backfat and muscle thicknesses (mm), respectively, measured by the corresponding probe (CPC, 

1994; Pomar and Marcoux, 2003). The measurements are taken on the line following 
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evisceration and splitting, with probing between the 3rd and 4th last ribs, 7 cm off the mid-line, on 

the left side of the carcass. 

Fortin et al. (2004) highlighted that the introduction of these light reflectance probes has 

improved the level of precision and accuracy for lean yield predictions with the root mean square 

error (RMSE) ranging from 2.1 – 2.2%. The current Canadian lean yield prediction equations 

were initially developed through national carcass cut-out surveys conducted and approved in 

Canada in 1994 and continue to be improved (CPC, 1994; Pomar and Marcoux 2003). For over a 

decade now, no dissection trials have been completed to update the current prediction equations. 

Therefore, it is important to periodically perform such trials since the nature of pig production 

continue to change, and doubts about the validity of the approved equations have emerged. 

Previous studies have determined the prediction precision and errors for one or both optical 

probes for predicting carcass lean yield (Fortin et al., 1984, 2003, 2004; Usborne et al., 1987; 

Berg et al., 1999; Pomar et al., 2001; Pomar and Marcoux, 2003, 2005). In Canada, the RMSE 

obtained using these devices ranged from 1.71 - 2.43% for DPG, and 1.56 - 2.18% for HGP 

(Table 2) (Usborne et al., 1987; Pomar et al., 2001; Fortin et al., 2003, 2004). On the contrary, 

work by European scientists reported root mean square error of prediction (RMSEP) values of 

2.22 – 2.49% for DPG, and 2.05 – 2.37% for HGP (Table 2) (Piechocki et al., 1994; Hulsegge 

and Merkus, 1997; Daumas and Dhorne, 1998; Engel et al., 2006, 2012). It is important to note 

that the definition of lean yield varies from country to country. While RMSE is used to evaluate 

the difference between estimated and observed values, RMSEP reflects the predictive ability 

rather than the precision of estimation. In other words, RMSE is specifically used in calibration 

while RMSEP is used in validation. 
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A study conducted by Fortin et al. (1984) compared the HGP with the Fat-O-Meater 

(FOM), the latter technology based on precision for prediction of lean yield. The FOM was 

employed to measure fat thickness and muscle depth in pork carcasses. These researchers noticed 

consistently lower measurement values of fat thickness and muscle depth using the HGP than the 

FOM. Furthermore, it was observed that the inclusion of hot carcass weight in the prediction 

equations did not reduce the residual error. The research group also noted the effect of gender 

(i.e., barrow or gilt) on the models for predicting saleable lean yield was minimal, and in most 

cases, no significant effect of gender on the reference prediction equations was reported. This 

outcome corroborated previous findings by Pomar et al. (2001) who used DPG and reported no 

significant effect of gender for predicting lean yield. However, some scientists in the past have 

found that gender significantly affected the prediction of lean yield (Fortin et al., 1984; Engel 

and Walstra, 1993). Thus, the discrepancy may be attributed to the sample size employed for the 

experiments. 

Berg et al. (1999) found that use of HGP for estimating carcass yield is more accurate 

when collected on hot carcasses as compared with cold carcasses. In the study, it was asserted 

that probe measurements taken at the 3rd and 4th last ribs produced more accurate estimates of 

carcass lean yield than using measurements from the last rib. Furthermore, Fortin et al. (2004) 

used HGP as a baseline probe in the evaluation of three commercially available forms of 

ultrasound equipment used for grading pork carcasses. Generally, the comparison showed 

minimal improvements for predicting saleable lean yield using ultrasound instruments over HGP 

when the assessment is solely based on the precision and accuracy for predicting saleable lean 

yield. The study reported the “goodness of fit” to be R2 = 0.74 and the measure of accuracy to be 

RMSE = 1.56 when HGP was used for predicting saleable meat yield (Table 2). 
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2.4.2 Destron Regression Equation for Prediction of Lean Yield 

The Destron PG-100 uses infrared light reflectance to measure backfat thickness and loin 

muscle depth in pork carcasses. The regression equation for Destron PG-100 was first evaluated 

in Canada by Usborne et al. (1987) to predict lean yield. The scientists compared Destron PG-

100 with ruler measurements and used the Hennessy probe as the baseline for the study. A 

prediction equation was derived: 

56.09 – 0.270 (fat) + 0.058 (muscle). 

Based on the comparisons, they concluded that the performance of the Destron PG-100 matches 

the Hennessy probe in its ability to predict lean yield. In 1994, the Canadian Pork Council 

developed an approved prediction equation for determining lean yield following a reference 

fabrication method (CPC, 1994; Pomar and Marcoux, 2003). The Destron PG-100 prediction 

equation was derived by regressing its values on the Hennessy predicted lean yield values. 

During the development of the 1994 model, some quadratic terms and interactions of backfat and 

loin muscle depths (independent variables) were maintained in the prediction model despite that 

these terms were seldom significant (P ˃ 0.05; Pomar and Marcoux, 2003). Finally, a prediction 

equation was derived: 

68.1863 – 0.7833f + 0.0689m + 0.0080f2 – 0.0002m2 + 0.0006fm 

This equation that was developed in 1994 has been in use up to date. However, with the constant 

genetic improvement and breeding over the years, today’s pigs have lower backfat thickness and 

higher loin muscle depth and thus higher lean yield. Pomar and Marcoux (2003) mentioned that 

the carcasses used to develop the 1994 equation were slightly fatter. Because of that, it is 

necessary to reassess and update the current lean yield prediction equation for pork carcass 

grading in Canada. 
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2.4.3 Predicting Saleable Lean Yield Using AutoFom III 

The AutoFom IIITM (Frontmatec, Kolding, Denmark; formerly known as Carometec Food 

Technology A/S) is a fully automatic ultrasonic carcass grading machine that is widely used in 

Europe and currently at several locations in Asia for quantifying pork carcass value. AutoFom III 

has an advanced image analysis software that is a modification and improvement of AutoFom I 

software (Choi et al., 2018), with an image information capacity up to 128 Mpixels per pig (256 

MB). AutoFom III is a form of non-invasive equipment consisting of sixteen, 2.0 MHz 

transducers set 25 mm apart in a U-shaped frame (Figure 2) (Busk et al., 1999; Janiszewski et 

al., 2019). Entire pork carcasses are moved using gambrels with hooks and individually pulled 

over the transducer arrays in order to collect the ultrasonic readings. Another feature of the 

AutoFom III is its ability to work at a line speed up to 1,400 carcasses per hour as compared with 

AutoFom I, which measures up to 1,250 carcasses per hour (Busk et al., 1999). Furthermore, the 

device measures the exact fat depth (̴ 150 mm) at the back of the carcass (loin), excluding the 

skin and has a scan length of 1.8 m. There are approximately 200 measuring points on each 

transducer, which means that 3,200 (16 × 200) possible positions can be obtained to construct a 

3D image of the carcass (Busk et al., 1999; Janiszewski et al., 2019). Out of approximately 3,200 

measurements taken using AutoFom on a single pork carcass, 127 variables are extracted and 

used in lean yield predictions of pork carcass and primal cuts (Pomar et al., 2008). 

The AutoFom III is unique among other technologies in its ability to accurately predict the 

characteristics of a pork carcass prior to any dressing procedure or carcass fabrication processing 

steps. According to the manufacturer’s manual, the device has exceptional precision and can 

define each primal cut to determine the lean yield at the primal cut level. Thus, it enables 

accurate yield management solution for cut-floor performance. The technology provides the 
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plant with the ability to examine how yields for pork primals are affected by changes in plant 

operations, pig body weight at slaughter, and source. Kress et al. (2020) asserted that commercial 

processing facilities do not normally weigh each pork primal cut separately to determine 

economic value; instead, the weights for different primal cuts are estimated based on AutoFom 

III data outputs. Results from trials with barrows and gilts were used for developing an 

estimation formula for the AutoFom III. Recently, scientists evaluated the impact of gender 

(barrows, gilts, boars, and immunocastrates) for assessing carcass characteristics and pork primal 

cuts using AutoFom III. Thus, the exact weights for individual primal cuts were determined after 

standardized dissection (Kress et al., 2020). Furthermore, it was concluded that boars and 

immunocastrates can replace barrows in terms of carcass characteristics and pork primal cuts. 

Brøndum et al. (1998) carried out trials in Denmark, Germany, and the United States, and 

obtained a residual standard deviation (RSD) of 1.84%, 1.58%, and 1.70%, respectively, for total 

meat percentage (EU definition) predictions using AutoFom I. The differences in RSD could be 

explained by the fact that the cutting procedures used in the separate countries are different. 

Despite the advantages of using AutoFom technology for predicting primal cuts and lean 

yield, measurement errors can occur due to poor contact between the transducers and the back of 

the carcass. Hence, the entire pork carcass must be moistened and positioned well with the back 

faced downwards prior to scanning for avoiding poor contact with transducers (Pomar et al., 

2008). Previous studies have used RMSE, coefficient of determination (R2), standard error of 

prediction (SEP), or RMSEP for determining the prediction accuracy or error for AutoFom 

devices. Fortin et al. (2004) reported RMSE values of 1.58 – 2.00 that were achieved by previous 

researchers for the prediction of carcass lean yield using AutoFom (Table 2). Subsequently, 

Fortin et al. (2004) obtained an RMSE of 1.68 and R2 of 0.75 for the prediction of saleable meat 
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yield using the AutoFom I (Table 2). Busk et al. (1999) reported a RMSE value of 1.84 and a 

SEP value of 1.95 in their experiment using AutoFom I. The authors concluded that the device 

would be suitable for on-line determination of lean meat percentage in pork carcasses.           

Font i Furnols and Gispert (2009) compared four different classification devices (Fat-O-Meat’er 

(FOM), Ultrafom (UFOM), AutoFom I, and Vision Carcass System (VCS2000)) for the 

prediction of lean meat percentage. Use of the AutoFom I resulted in the second lowest RMSEP 

value of 1.9% behind FOM (1.8%), and the greatest prediction accuracy (R2 = 0.78) as compared 

with the other devices (Table 2). The AutoFom probably performed better than the other devices 

because of the greater objectiveness (without human error or bias) of AutoFom technology and 

the increased number of measured positions. All the reported RMSE values (1.58 – 2.00) fulfil 

the European Union requirement (RMSE ˂ 2.5) for grading equipment to accurately calculate 

lean meat percentage in pigs (Commission Regulation (EC) 1249/2008). However, comparisons 

across different types of data would be invalid because measurements are dependent on the scale 

of the numbers used. 

Janiszewski et al. (2019) developed regression equations to estimate the percentage, 

weight, and lean meat content of primal cuts in pork carcasses using AutoFom I. The developed 

regression equations had a high accuracy rate for estimating the percentage of loin, ham, and 

belly (R2 values were 0.93, 0.82, and 0.81, respectively). However, there was a large error in the 

equation for estimating the percentage of shoulder, with the lowest accuracy for estimating the 

percentage of neck (R2 = 0.68 and 0.42, respectively). Recent studies evaluated the ability of 

AutoFom III for predicting the yields of different primal pork cuts (Choi et al., 2018, 2019; 

Kress et al., 2020). Kress et al. (2020) estimated the weights of shoulder, ham, loin, belly, and 

the overall lean meat percentage based on carcass weight, fat thickness, and muscle depth for 
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different genders (gilts, boars, immunocastrates, barrows). Nevertheless, the study did not 

compare AutoFom III and carcass cut-out with other technologies; rather, all measurements were 

estimated only with the AutoFom III. The authors found that lean meat content for gilts and 

barrows differ significantly, but no differences were observed between both genders for belly 

lean meat content and belly weight. Lean weights (boneless and bone-in) for loins from barrows 

were just 0.17 – 0.20 kg lower than gilts, yet did not differ significantly from each other. 

Conversely, significant differences for boneless lean shoulder and ham weights were observed 

between barrows and gilts. Similar observations (significant differences) were made for bone-in 

shoulder and ham weights between both genders. Furthermore, gilts had a lower fat thickness 

compared with barrows, but the inverse trends were apparent for muscle depth. Choi et al. (2018) 

found that AutoFom III was not a good predictor of several different miscellaneous pork cuts 

such as spareribs, back ribs, jowl, false lean (cutaneous muscle embedded in the fat overlying the 

shoulder area), and diaphragm cuts, as only 34% of their variation in Korean slaughtered pigs 

could be explained using the AutoFom III. However, the authors identified that the AutoFom III 

has a good cross-validated prediction accuracy (R2cv) with values ranging from 0.77 – 0.86 for 

predicting the weights for the five major boneless primal cuts (shoulder butt and picnic, loin, 

belly, and ham). Hence the weight and lean yield information for primal cuts will allow packing 

plants to optimize the sorting of the primal cuts and pay the producers according to market value. 

2.5 Understanding the Term “Pork Quality” 

The production of high-quality muscle tissue for conversion to meat at the least possible 

cost is one of the primary considerations for the pork industry (Lonergan et al., 2001). However, 

the consistent production of high-quality pork must also be given some attention. Pork producers 

endeavour to provide packing plants with pigs that will yield high amounts of lean to be paid a 
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premium. On the other hand, processors and retailers also strive to produce products that will 

appeal to customers and consumers. Zering and See (1998) stated that producers desire high-

yielding lean carcasses that are efficient and economical to produce. Packers also desire high-

yielding lean carcasses of good technological quality in regard to water-holding capacity (WHC), 

firmness, pH, protein solubility, and primal size. 

Furthermore, Zering and See (1998) noted that retailers desire product stability and visual 

qualities that make the product attractive in the meat case. On the other hand, consumers select 

products based on visual appeal, eating satisfaction, nutritional value, food safety, and perceived 

wholesomeness. Correspondingly, Andersen (2000) posited that producers’ understanding of 

pork quality is based on traits that will increase their returns when pigs are marketed to the plant, 

while packers and processors assess pork quality based on the absence of pathogenic bacteria, 

the composition of the meat, WHC, presence or absence of residues and contaminants. 

Consumers assess pork quality based on sensory parameters for the cooked product (tenderness, 

juiciness, and flavour), safety, and appearance of the product in the meat case. 

From the above, the term “pork quality” can be asserted to be a relative concept that is 

distinctly defined by various industry players involved in the production process from farm to 

fork (Honikel, 1993). According to the National Pork Board (NPB, 2013), pork quality 

comprises all meat quality traits affecting processors’ and consumers’ costs and concerns, such 

as pork colour, drip loss or WHC, intramuscular fat content (marbling) and eating experience 

(tenderness, juiciness, and flavour). Similarly, van der Wal et al. (1997) defined pork quality to 

be an amalgamation of different properties, including eating (appearance, flavour, tenderness, 

and juiciness) and technological qualities (colour, WHC, and texture). These technological 
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qualities are mainly influenced by breed, genotype, feeding, pre-slaughter handling, stunning, 

slaughter method, chilling, and storage conditions (Rosenvold and Andersen, 2003). 

2.5.1 Pork Quality Characteristics 

Pork quality characteristics are mostly composite traits affected by different antemortem 

and postmortem factors, which create difficulties for predicting ultimate pork quality (Huff-

Lonergan et al., 2002). Poor antemortem practices can produce pale, soft, and exudative (PSE) 

pork or dark, firm, and dry (DFD) pork. In contrast, good antemortem handling (i.e., resting pigs 

in lairage for 2 h before stunning and reducing use of electric prods) will help produce reddish-

pink, firm, and non-exudative (RFN, ideal) pork. Nevertheless, major genes such as the 

Halothane gene and the Rendement Napole (RN⁻) gene have historically been shown to cause 

PSE and DFD conditions in pork. PSE pork may be characterized by protein denaturation due to 

the concurrent rapid pH decline and high carcass temperatures early postmortem (Rosenvold and 

Andersen, 2003). When fresh PSE pork cuts are displayed on retail shelves, they exude high 

levels of moisture, influencing customer purchasing decisions. The characteristic high moisture 

loss in PSE pork is due to the denaturation of myosin before the onset of rigour mortis (Cannon 

et al., 1995). On the other hand, Grandin (2020) stated that DFD meat is caused by glycogen 

depletion in the muscle due to long-term stress, which limits lactic acid production and results in 

higher pH. 

Andersen (2000) grouped pork quality characteristics into two categories based on quality 

traits demanded by meat processing industries and consumers (Table 3). Within each category, 

there were different traits defined by their quality attributes. The use of “Appearance” refers to 

the visual criteria consumers use to evaluate the quality of fresh pork on display at the retail 

level. Thus, the visual criteria may include colour, marbling, and wetness. 
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2.5.1.1 Assessing Fresh Pork Colour 

Warriss (2010) noted that colour characteristics are determined by the concentrations and 

state of the haem pigments (myoglobin and haemoglobin) and muscle structure. Consequently, 

Zhu and Brewer (1998) stated that meat colour is mainly contingent on the chemical state of 

myoglobin. Although haemoglobin and cytochromes may also contribute to meat colour 

formation, the primary protein largely responsible for meat colour formation is myoglobin 

(Ramanathan et al., 2020). Exposing muscle tissues to air for a short period (30 – 60 min) will 

enable myoglobin oxygenation or blooming of muscle colour from reduced myoglobin (purple) 

to oxymyoglobin (reddish pink) (Brewer et al., 2001a). Thus, the colour of meat, such as pork, is 

influenced by the absence or presence of oxygen in the environment. In contrast, the American 

Meat Science Association handbook on colour guidelines reported that myoglobin oxygenation 

depends not only on bloom time but also on temperature, pH, and competition for oxygen by 

mitochondria (Hunt et al., 2012). Specifically, the guide explained that the competition for 

oxygen between myoglobin and mitochondria determines oxygen penetration beneath the meat’s 

surface, significantly affecting surface colour intensity. 

Generally, the reasons for measuring meat colour include grading, sorting to match 

customer specifications, assessing consumer response to colour, measuring colour changes, and 

ascertaining the cause of discolouration (Hui et al., 2001). Pork colour can be assessed visually 

with the National Pork Producers Council’s (NPPC) Pork Quality Standards or the Japanese Pork 

Colour Standards (JPCS). However, this method is not very consistent as human error (trained 

evaluator) and environmental conditions may negatively impact the assessment. Thus, fresh pork 

colour can be rapidly and accurately evaluated using instruments such as spectrophotometers, 

colorimeters (Minolta and Hunterlab), or computer vision system (CVS). For accurate and 
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repeatable results, these instruments must be properly calibrated before operated. A review of 

meat colour performed by Mancini and Hunt (2005) suggests that meat purchasing decisions by 

consumers are primarily influenced by colour. Nevertheless, for fresh pork, the primary 

influencer that drives purchasing intent is the amount of intramuscular fat content or marbling 

(Brewer et al., 2001a). Ideally, the preferred pork colour is reddish pink with very light and very 

dark pork colours considered low quality. A frequently noted work is a 1999 fact sheet posted by 

the Iowa Pork Industry Centre Team (IPIC, 1999) that provides a bookmark listing and 

description of colour rated on a 6-point scale: 

• 1.0 Pale pinkish gray to white 

• 2.0 Grayish white 

• 3.0 Reddish pink 

• 4.0 Dark reddish pink 

• 5.0 Purplish red 

• 6.0 Dark purplish red 

The optimal target for subjective colour associated with superior pork longissimus muscle quality 

is 3.0 to 5.0 on the 6-point scale (NPPC, 1998). 

In the case of instrumental measurements, the Commission Internationale de l’Eclairage 

(CIE) has specified a colour space known as CIELAB (Warriss, 2010). The colour scale is 

designated as CIE L*, a*, b* where, L* (100 = white; 0 = black) represents the lightness 

component, a* measures red – greenness (+ value = red; - value = green) and b* measures 

yellow-blueness (+ value = yellow; - value = blue). While the a* and b* coordinates for RFN 

fresh pork vary within a small range, the L* value changes with quality (NPPC, 2000). Previous 

research (Brewer et al., 2001; Škrlep and Čandek-Potokar, 2007) have demonstrated that bloom 
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time had an insignificant effect on L* value for different pork muscles. Therefore, it can be 

inferred that L* values may be a good indicator for pork carcasses likely to produce PSE, RFN, 

and DFD pork. 

2.5.1.2 Intramuscular Fat (IMF) Content/Marbling 

Marbling refers to the size and distribution of fat within a given muscle; this trait is usually 

visually assessed in a subjective manner. The actual intramuscular fat (IMF) content of a given 

muscle can be objectively measured through chemical analysis (Jeremiah, 1998). Subjective 

evaluation is carried out by the evaluator determining the amount of interspersed fat on the 

muscle surface in comparison to the amount of marbling found in a photographic reference 

standard (NPPC, 2000). Ngapo et al. (2012) stated that the reference standards of pork loin chops 

range from 1 to 10, with 1 (being devoid of marbling) and 10 (being abundant in marbling). On 

the other hand, objective assessment of IMF is performed by extracting the lipid from the lean 

muscle tissue using a chemical solvent (NPPC, 2000). Furthermore, the process can be done by 

ether extraction, the Folch method, or the CEM fat extraction system (CEM Corp.; Indian Trail, 

North Carolina). The target range for pork loin IMF content is 2 to 4% based on nutritional, 

health, and flavour concerns (NPPC, 1998). IMF levels below 2% result in low palatability 

ratings by consumers (Jeremiah, 1998). Conversely, researchers in Canada reported that a 

minimum of 1.5% IMF level in pork loin chops was required to ensure a satisfactory eating 

experience (Fortin et al., 2005b). The discrepancy may be due to the difference in geographical 

location (U.S. vs Canada) as governmental regulations on human nutrition may differ between 

the two countries. Jeremiah (1998) stated that the subjective photographic standards on marbling 

are designed to relate visual standards to objective measurements. Thus, a marbling score of 1 

corresponds to 1% IMF, 2 corresponds to 2% IMF and so on with an increment of 1% up the 
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scale (NPPC, 2000). In agreement, Ngapo et al. (2012) also indicated that IMF content and 

marbling score are strongly correlated (r = 0.70). 

Several studies have investigated the relationship or effects of IMF content (or marbling 

score) on pork eating quality parameters, such as tenderness, juiciness, and flavour (Brewer et 

al., 2001b; Fortin et al., 2005b; Rincker et al., 2008; Cannata et al., 2010; Ngapo et al., 2012; 

Wilson et al., 2017). Brewer et al. (2001b) categorized lean pork loin chops under three classes: 

low, medium, and high amounts of marbling. The researchers reported that highly marbled pork 

chops were the juiciest, most tender, and flavourful when consumed under controlled conditions. 

Similarly, Cannata et al. (2010) reported that the visual marbling score for pork loin chops 

impacts sensory qualities. More specifically, highly marbled pork chops had greater sensory 

tenderness and juiciness scores than lightly marbled pork loin chops. In contrast, Rincker et al. 

(2008) reported that IMF content had minimal impacts on pork eating quality attributes with a 

weak correlation between extractable lipid content and sensory quality attributes. 

Correspondingly, Ngapo et al. (2012) also indicated that the marbling class did not affect sensory 

scores for roasted or grilled pork. The discrepancies between these studies may be attributed to 

various pig production factors including genetics, chronological age at slaughter, plane of 

nutrition, and feeding high energy diets (Jeremiah, 1998). 

2.5.1.3 Fresh Pork pH 

pH is a term used to measure the acidity or alkalinity of a product or solution. Its scale 

ranges from 1 to 14, with 7 denoted as neutral with values below 7 denoted as acidic and values 

above 7 denoted as alkaline. In the pork industry, the measurement of pH is used to differentiate 

meat of varying quality (Holmer et al., 2009) because it is one of the most important causes of 

variation in pork quality (Bendall and Swatland, 1988; Sellier and Monin, 1994). The 
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physiological pH of muscle in living animals is nearly neutral (7.0 to 7.2) but declines during the 

conversion of muscle to meat to reach an ultimate pH value with an optimal target ranging from 

5.6 to 5.9. Typically, pH is measured at 45 min and 24 hrs postmortem (ultimate pH) in order to 

gauge respective pH levels during the conversion of muscle to meat. However, an ultimate pH 

measurement (the pH reading taken 24 hrs after slaughter) is commonly adopted in packing 

plants due to difficulties obtaining accurate, consistent, and rapid measurements on the harvest 

floor (NPPC, 2000).  

Nonetheless, previous studies have reported the significant impact pH has on pork quality 

traits (Huff-Lonergan et al., 2002; Holmer et al., 2009; Boler et al., 2010), although it is not a 

standard subjective pork quality measurement (NPPC, 2000). According to Huff-Lonergan et al. 

(2002), pork loin pH is significantly correlated to pork quality attributes such as colour and 

WHC. Increasingly, Holmer et al. (2009) and Boler et al. (2010) measured pH at different time 

intervals and reported that ultimate pH (pH measured at 24 hrs postmortem) strongly correlates 

to pork quality traits (colour, firmness, marbling, shear force, purge loss, and cooking loss). 

Boler et al. (2010) further concluded that pH at 24 hrs postmortem was the best predictor of key 

meat quality traits because pH values at 45 min and 3 hrs postmortem accounted for less than 5% 

of the total variation in quality traits. However, in the study, 24-hr postmortem pH values 

accounted for just 10% of the variation in meat quality traits, suggesting a 24-hr postmortem pH 

value as an imperfect quality predictor that other measurements could enhance. 

Incessantly, it is assumed that all other muscles in the pork carcass exhibit similar quality 

variations as that of the longissimus thoracis et lumborum. This means that pH measurements for 

longissimus thoracis et lumborum can be used to explain variations in quality of the whole 

carcass. However, different muscles may possibly differ in rate and extent of lactic acid 
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formation and rate of chilling; therefore, there may be muscle differences in hydrogen ion 

concentrations that affect muscle pH and pork quality. Martin et al. (1975) studied the impact pH 

of ham muscle (semimembranosus) had on the prediction of longissimus muscle quality. The 

results indicate that semimembranosus pH measurements at 45-min, 2-hrs, and 24-hrs 

postmortem lack the precision required for predicting quality of longissimus muscles. In contrast, 

Warner et al. (1993) compared the quality characteristics of several pork muscles with those of 

the longissimus thoracis et lumborum and found no difference between longissimus lumborum 

and muscles in the ham (semimembranosus, biceps femoris, and semitendinosus) for ultimate pH. 

However, when carcasses were categorized into quality groups (PSE and DFD), longissimus 

lumborum could then serve as a reliable indicator for semimembranosus, biceps femoris, and 

semitendinosus when the condition was characterized as PSE. Bidner et al. (2004) reported that 

longissimus thoracis ultimate pH explained 86% of the variation in biceps femoris ultimate pH, 

and 82% of the variation in semimembranosus ultimate pH. Furthermore, longissimus thoracis 

ultimate pH explained 79% and 57% of the variation in subjective colour and drip loss, 

respectively. 

2.5.1.4 Water-holding Capacity/Drip loss 

Water holding capacity (WHC) in meat can be defined as the ability of postmortem meat to 

retain its inherent water despite external pressures (such as gravity, heating, centrifugation, and 

pressing) being exerted (Honikel and Hamm, 1994; Honikel, 1998; Huff-Lonergan and Sosnicki, 

2002). In fresh meat, the characteristics mentioned above can be referred to as drip loss or purge 

which represents the high protein fluid lost from fresh meat without any mechanical force but 

rather gravity (Huff-Lonergan, 2009). The combination of pale colour and low pH in meat often 

results in increased drip loss or purge, affecting juiciness and tenderness of the meat. However, 
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Fischer et al. (2002) observed that one-third of total loin samples with high drip loss were red 

instead of pale, and one-third of total samples with light colour were slightly exudative. The 

atypical quality deviation may be due to the postmortem storage time (72 hrs) and the 

muscularity of the carcass. For desirable meat attributes such as optimal colour and WHC, drip 

loss should be ≤ 2.5% (NPPC, 1998). 

Offer and Knight (1988) outlined some factors that influence the amount or rate of fresh 

pork drip loss: degree of muscle fabrication, sample size, time after slaughter, method of 

packaging, and storage temperature. In addition, Huff-Lonergan and Sosnicki (2002) also stated 

that the rate of pH decline, pre-rigour temperature, ultimate pH, genetics, and early postmortem 

handling could affect drip loss. Thus, to limit or account for most of these factors, drip loss 

assessment needs to be standardized (NPPC, 2000). The standardization of drip loss 

measurement procedures will aid in the scientific comparison of results. Also, the factors 

mentioned above prove that the entire fresh pork production chain needs to be coordinated to 

ensure high-quality fresh pork is generated. 

Drip loss in meat causes severe economic implications for the pork industry, especially 

processors and retailers. While meat processing companies lose money due to low WHC which 

limits product yield, retailers also lose sales because consumers reject meat with an unattractive 

appearance due to high levels of drip loss (Otto et al., 2004). Over the years, several methods 

have been proposed for measuring drip loss: filter paper press method (Grau and Hamm, 1953), 

filter paper method (Kaufmann et al., 1986), bag method (Honikel, 1987), and EZ-DripLoss 

method (Rassmussen and Andersson, 1996). Furthermore, other methods have been suggested 

such as the use of technology (near infrared reflectance, tetrapolar impedance, and cotton-rayon 

absorptive-based device) to predict postmortem drip loss (Forrest et al., 2000; Kapper et al., 
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2014). When drip loss of fresh pork was analyzed by the bag, filter-paper, and EZ-DripLoss 

methods after 24 and 48 hrs, strong correlations (r = 0.86) were observed between the bag and 

EZ-DripLoss methods when samples were stored for 48 hrs (Otto et al., 2004; Torres Filho et al., 

2017). Christensen (2003) found a similar correlation result (r = 0.85) when EZ-DripLoss 

samples collected from the left side longissimus dorsi were compared with the bag method from 

the corresponding sample on the right side. Regarding storage time, Christensen (2003) and 

Torres Filho et al. (2017) observed a more significant drip loss percentage after 24 hrs, using the 

bag method compared with the EZ-DripLoss method. In contrast, Otto et al. (2004) reported a 

low drip loss percentage using the bag method compared with the EZ-DripLoss method after 48 

hrs of storage. The discrepancy may be due to the sample size and storage temperature. It was 

affirmed that extending the storage time in the EZ-DripLoss method to 48 hrs will increase the 

accuracy of the method (Torres Filho et al., 2017) because it gives values that are easy and 

reliable to measure with a scale that measures to the nearest 0.1 g (NPPC, 2000). 

2.5.1.5 Warner-Bratzler Shear Force 

Since the development of the Warner-Bratzler shear force (WBSF) method in 1929-1932, 

it has become the standard instrumental measure for assessing meat tenderness. This is because 

the evaluation of tenderness by a sensory panel is time-consuming and expensive. More recently, 

the slice shear force method was developed by modifying the standard WBSF method. This 

modification (using a flat blade to determine tenderness of an entire steak or chop instead of 

using a V-shaped blade to determine tenderness of a core of meat) was made by Shackelford et 

al. (1999) for more rapid testing. According to Van Oeckel et al. (1999), the WBSF method 

measures the force needed to shear a cooked meat sample, while consumers report their 

perception of tenderness by biting and chewing cooked meat samples. Previously, variations in 
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the protocols used by different institutions made it challenging for a meaningful comparison to 

be performed. As a result, a standardized WBSF protocol was developed to aid in comparing 

data collected by different institutions (Savell et al., 1994). Wheeler et al. (1997) indicated that 

the WBSF measurements could be influenced by the orientation of the cores relative to the 

muscle fibres. Hence, researchers use a cork borer cutting device to create cores in the 

longitudinal direction of the muscle fibres before shearing. Similarly, differences in the blade 

thickness, length and shape, and the shearing speed are among other factors that can influence 

shear force values (Apple et al., 1999). 

Apple et al. (1999) investigated the effects of cooking and shearing methodology on 

WBSF values for pork longissimus muscle chops. It was reported that the interaction between the 

cooking method and shearing methodology did not affect WBSF values or cooking loss 

percentages. However, cooking method (electric open-hearth grill and commercial convection 

oven) affected WBSF values with a 0.20 kg decrease in WBSF when pork chops were cooked 

using a commercial convection oven. In another study, pork longissimus muscle chops from 

barrows and gilts were aged 14 days to determine WBSF values (Lowell et al., 2017). It was 

observed there was no significant difference for WBSF values between barrows and gilts. 

Furthermore, it was noted that WBSF is weakly correlated with ultimate pH and L* values at 24-

hrs postmortem. This corroborates the findings of Dilger et al. (2010), who reported no 

differences in total WBSF values between sire lines after ageing for 2-, 7-, 14-, and 21- days 

postmortem. However, Dilger et al. (2010) stated that the rate of tenderization was different 

between the sire lines and increased with increasing postmortem ageing time. 
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2.6 Overall Conclusions 

The North American pork industry is constantly improving pork production, increasing 

financial benefits for producers, and remaining competitive in the global market. In Canada, the 

introduction and further refinements of pork grading systems have significantly affected the 

Canadian pork industry. For instance, the level of accuracy and precision in predicting pork 

carcass lean yield has improved. Furthermore, there is a constant attempt to improve upon the 

existing system (reflectance probes) by tackling the accuracy and precision of the equipment 

involved. Consequently, there was the introduction of ultrasound-based devices, which are 

desirable due to their non-invasiveness and the level of accuracy and precision compared with 

reflectance probes. This research has the potential to demonstrate to the Canadian pork industry 

that the use of an advanced ultrasonic image analyzer (AutoFom III) for carcass grading can 

more accurately assess overall saleable lean yield for the carcass versus light reflectance probes 

currently in use at Canadian packing plants. 

Currently, differences in pork quality traits stemming from variability in pork carcass weight 

and leanness are not well understood. The differences are a challenge for the entire pork 

industry. Hence, investigating factors affecting variability is the first step in providing the 

industry with the necessary information to minimize variability and maximize consistency. In 

addition, the establishment of a pork grading system also needs explicit knowledge on variation 

in primal pork quality.  

Many studies in the past have not considered the impact of all the major primal cuts 

(shoulder, loin, belly, and ham) on pork quality probably because the loin is mainly used as the 

reference point to assess pork quality. However, this assertion has been refuted by a recent study 

(Arkfeld et al., 2016). An inexplicit knowledge of the relationships among primal pork cuts 
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exists. Therefore, this research aims to focus on primal pork cuts and help to provide the 

Canadian pork industry with the necessary information to minimize variability in pork quality 

attributed to carcass weight and leanness. Furthermore, the establishment of strong relationships 

among primal pork cuts is worthwhile. 
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2.8 Tables and Figures 

Table 1. Global Pork Markets for 2020 (Production and Consumption)1  

Country Rank2 Rank3 
Pork 

production4 

Pork 

consumption4 

Total pork 

production 

(%) 

Total pork 

consumption 

(%) 

China 1 1 38,000 42,700 38.8 43.8 

EU 2 2 24,000 20,168 24.5 20.7 

USA 3 3 12,778 9,895 13.1 10.2 

Brazil 4 5 4,125 2,927 4.2 3.0 

Russia 5 4 3,520 3,420 3.6 3.5 

Vietnam 6 7 2,240 2,390 2.3 2.5 

Canada 7 12 2,110 830 2.2 0.9 

Mexico 8 8 1,460 2,110 1.5 2.2 

South Korea 9 9 1,396 1,938 1.4 2.0 

Japan 10 6 1,285 2,710 1.3 2.8 

Philippines 11 10 1,275 1,424 1.3 1.5 

Others   5,686 6,963 5.8 7.1 

Total   97,875 97,475   

1Adapted from USDA (2020). 
2Pork production ranking. 
3Pork consumption ranking. 
4Measured in 1,000 metric tonnes, carcass weight. 
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Table 2. Reported RMSE, R2, and RMSEP for Prediction of Carcass Lean Yield a 

Instrument RMSE (%) R2 RMSEP (%) 

DPG 1.71 - 2.43  2.22 - 2.49 

HGP 1.56 - 2.18 0.74 2.05 - 2.37 

AutoFom I 1.58 - 2.00 0.75 - 0.78 1.9 

a Adapted from: Usborne et al. (1987); Piechocki et al. (1994); Hulsegge and Merkus (1997); Daumas and Dhorne 

(1998); Busk et al. (1999); Pomar et al. (2001); Fortin et al. (2003, 2004); Engel et al. (2006, 2012); Font I Furnols 

and Gispert (2009). 
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Table 3. Categories and Traits to Assess Pork Quality Characteristics 

  Trait Parameters   

Demands of meat 

processing 

industries 

Eating quality Appearance, flavour, tenderness, juiciness 

Nutritional quality 
Nutrient content (protein, lipid contents, vitamins, 

minerals) digestibility 

Technological 

quality 

WHC, pH, protein and lipid contents, content of 

connective tissue, antioxidant status  

Hygienic quality Microorganisms, residues 

Ethical quality 
Organic farming, religion, outdoor rearing, welfare 

aspects 

        

Consumer 

demands 

"Hidden" pork 

quality 

Safety, nutritional value, reputation, ethical, 

labelling 

"Visible" pork 

quality 

Appearance, flavour, tenderness, juiciness, 

convenience, price 
  

Adapted from Andersen (2000). 
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Figure 1. Example of grading grid based on hot carcass weight (HCW) classes and estimated 

lean yield (LY) proportions for each carcass. The highest-grade indexes: sometimes referred to 

as the “sweet spot” (green and yellow shaded HCW/LY “cells”) have been established based on 

specific carcass characteristics the packing plant has determined that will provide the greatest 

value from the pork carcasses that the plant produces. Red shaded HCW/LY cells represent 

condemned, or no premium awarded. 
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Figure 2. U-shaped frame with 16 transducers set at 25 mm apart installed in a Canadian pork 

packing plant. Photo credit: Lisa Wormsbecher. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Processing Facility Data Collection 

Conestoga Meat Packers Ltd. provided assistance at the packing plant along with financial 

support for the testing of AutoFom III ultrasound technology to determine its accuracy for 

estimating saleable lean yield. 

A total of 3,950 pigs were sourced from nine individual producers and slaughtered under 

the supervision of the Canadian Food Inspection Agency (CFIA) at Conestoga Meat Packers 

Ltd., a federally inspected, commercial pork processing facility located in southwestern Ontario 

between the dates of August 24, 2020 and April 26, 2021. Most pigs used for this study were 

crossbred progeny from Large White dams and Duroc sires; however, a wide range of 

commercial genetic lines were represented in this study. Pigs from a common truckload 

(approximately 200 to 270 pigs per truckload for each slaughter group) were delivered to the 

processing facility the day before slaughter and were the first pigs slaughtered the following 

morning at the commercial plant. Thus, all pigs had at least 8 hrs of lairage with access to water 

but no access to feed before slaughter. Slaughter was conducted using a low-stress driving 

system with shadow-free lights, which automatically drove pigs to a CO2 stunning system (i.e., 

Frontmatec CO2 stunning system: Frontmatec, Kolding, Denmark) in which groups of 6-8 pigs 

were immobilized using gas containing 90% carbon dioxide. Stunning was then followed by 

death by exsanguination, scalding, and dehairing.  

Individual carcass identification was maintained throughout the slaughter process after the 

pigs were dehaired. Carcasses were identified on the left shoulder with a carcass marker 

following dehairing and immediately prior to leg transfer from the shackle to the gambrel and 
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hook. Consecutive numbering of carcasses began at 1 on each slaughter day and was completed 

prior to carcasses being scanned by an advanced ultrasonic image analyzer, AutoFom III 

(Frontmatec, Kolding, Denmark; previously known as Carometec Food Technology A/S; 

Denmark). Gender (barrow or gilt), carcass ID, and AutoFom sequence number for each carcass 

were recorded as each carcass was being individually scanned with the AutoFom III. Carcasses 

were then subjected to a singeing tunnel, a brush tunnel, evisceration, and splitting (heads 

remained with carcasses). Carcasses were split using a robotic breast and belly opener (AiRA 

RBO Breast and Belly Opener: Frontmatec, Kolding, Denmark) and a robotic splitter with saw 

(AiRA RPS-S Splitter with Saw: Frontmatec, Kolding, Denmark). Accuracy of carcass splits was 

determined using the following scale based on split uniformity: 

• 1 = ideal (split from neck to tail along the mid-line of the spinal column into complete 

symmetrical halves) 

• 2 = acceptable (split from neck to tail along the mid-line of the spinal column into 

moderately symmetrical halves) 

• 3 = marginally acceptable (split from neck to tail along the mid-line of the spinal column 

into slightly equal halves) 

• x = unacceptable (split from neck to tail along the mid-line of the spinal column into 

unequal halves) 

After dressing of the pigs were completed along with final inspection at the last inspection rail-

out location by CFIA personnel, University of Guelph personnel recorded the order of pig 

carcasses on the moving line along with examining each carcass for evidence of carcass defects 

or missing components. Carcass ID and the presence of carcass defects (missing components) 

were recorded by University of Guelph personnel using both written data sheets and a voice 
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recorder prior to carcass chilling. Examples of carcass defects (missing components) that were 

noted included missing feet, missing legs, missing head, over scalding of the carcass, loss of 

ear(s), and removal of skin, fat, or lean (normally kept on the carcass during carcass dressing) 

but removed for various reasons to enable the individual carcass to pass inspection for eventually 

entering the human food chain. Grading probe measurements (backfat and lean depths, and lean 

yield) were collected by experienced operators from the Ontario Pork Grading Authority on 

moving carcasses on the rail with a Destron PG-100 probe (International Destron Technologies: 

Markham, ON, Canada) with the grading probe inserted perpendicularly between the 3rd and 4th 

last ribs, 7 cm off the mid-line according to Canadian grading standards (Pomar and Marcoux, 

2003). These data were recorded using a GoPro camera (GoPro Hero 8 Black: San Mateo, 

California, USA) located at the carcass grading station. Hot carcass weight was recorded by 

University of Guelph personnel using a voice recorder and a GoPro camera. Following the 

grading station, carcasses were chilled using a conventional cooling system, a reefer cooler 

(using ammonia) on a specific chill cycle that is proprietary to the commercial processing 

facility. Briefly, the carcasses were chilled for 22 to 24 hrs at -4°C to 2°C. 

3.2 Selection of Carcasses for Fabrication 

A list of carcasses was needed to send to Frontmatec in Denmark for their staff to evaluate 

individual AutoFom III images and determine if AutoFom III image quality for an individual pig 

was acceptable for determination of backfat and loin depths and individual primal weights (bone-

in, boneless). While the research study was dependent on Frontmatec personnel to assess 

AutoFom III images and make a decision on acceptable image quality, Frontmatec did not have 

any cut-out data from the respective carcasses to influence their decisions. Once all data were 

collected at the commercial processing facility, data for individual carcasses (gender, grading 
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probe measurements, split scores, hot carcass weights, presence of carcass defects (missing 

components)) were entered into Microsoft Excel (Microsoft Corporation: Redmond, 

Washington, USA) and linked with carcass ID, AutoFom III sequence number, and plant 

sequence number. Data were sorted by gender into two groups (barrows or gilts) and further 

sorted by hot carcass weight. Hot carcass weights were divided into quartiles within gender and 

any carcasses which had carcass defects (missing components) or unacceptable splits (carcass 

split score 3 or carcass split score x) were not considered to be further used in the study. Two or 

three carcasses were selected from each quartile within each gender based on backfat thickness 

((lean (≤ 15 mm), intermediate (15.5 – 19 mm), and excessively fat (≥ 19.5 mm)) for a total of 

20 to 24 carcasses for a given slaughter day with the intention to acquire a lean and fat carcass 

from each quartile for each gender. Another 10 carcasses were selected in reserve in case the 

AutoFom III scanned data were deemed unacceptable for the initial list of 20 to 24 carcasses 

selected for dissection. The list of 30 to 34 carcasses was forwarded to Frontmatec personnel 

who evaluated AutoFom III images for each carcass on the list and determined which carcasses 

were acceptable to be used in the study. This information was then provided to the commercial 

processing facility which selected the left sides from 20 – 24 acceptable carcasses at the 

slaughter facility the following morning (approximately 24 hrs following slaughter). The selected 

carcass sides were placed in meat combos (plastic bag lined 8-sided cardboard bulk meat 

containers placed on top of a wooden pallet). Combos were delivered to the University of Guelph 

Meat Laboratory immediately after sides were collected (approximately 24 to 28 hrs following 

slaughter) using a refrigerated truck that met CFIA guidelines for transportation. Overall, a total 

of 366 carcasses were delivered to the University of Guelph Meat Laboratory and fabricated. Out 



 

59 
 

of the 366 fabricated carcasses, 350 were used for analysis. The distribution of the selected 

carcasses by hot carcass weight, gender, and backfat thickness is presented in Table 4. 

3.3 Carcass Fabrication 

Upon arrival at the University of Guelph Meat Laboratory (1-day post-mortem), pork sides 

were removed from the combos, hung on an overhead rail, and refrigerated at ≤ 4°C in the 

processing room cooler until further fabrication. After ~30 min in the cooler, the first carcass 

side was weighed and fabricated into primal and sub-primal cuts (Figure 3) according to the 

North American Meat Processors Association, and the Institutional Meat Purchase Specifications 

(NAMP, 2006; IMPS, 2014) guidelines. Each carcass side was completely fabricated before the 

start of fabricating another carcass side. The IMPS #403 whole shoulders were separated from 

the side by an approximately straight cut perpendicular (using right angles) to the back through 

the joint between the 2nd and 3rd thoracic vertebrae and weighed. The IMPS #420 front feet were 

then removed by a cut through the wrist joint (carpal bones), and the IMPS #417 hocks at the 

knee joint. IMPS #421 neckbones and IMPS #424 riblets were removed as a single piece. The 

weight of all pieces was the weight of the whole shoulder. The feet and hocks were weighed 

separately while the butt and picnic were weighed both together (whole shoulder primal) and as 

separate cuts. During fabrication of the whole shoulder, the jowls and breast bones were removed 

and then further excluded from the fabrication process. IMPS #406 bone-in Boston butt and 

IMPS #405 bone-in picnic were created by a saw cut commencing about 2.5 cm ventrally to the 

exposed scapula and running roughly parallel to the body axis (Figure 4). Both butt and picnic 

cuts were skinned with the fat being removed from the butt and the fat trimmed to 3 mm cover 

resulting in a retail butt and picnic. The butt was opened with the scapula cleanly removed and as 

much seam fat (internal fat) as possible cut out leaving a trimmed butt (IMPS #406A). The retail 
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picnic was trimmed of the remainder of its external fat; the bone was removed and as much of 

the seam fat was cut out as possible leaving the trimmed picnic (IMPS #405A). 

The IMPS #401 fresh hams were separated from the pork sides by a straight cut 

approximately perpendicular to the outer skin surface at a location 2.5 to 4 cm anterior to the 

aitch bone (exposed pelvic bone) just missing the juncture of the tail bone and aitch bone tip 

(Figure 3). Furthermore, the IMPS #420A hind feet were removed at or slightly above the hock 

joints of the hind legs. After that, the IMPS #417B ham hocks were also separated from the hind 

feet at or above the hock joint. Tails and/or any vertebrae were removed and weighed. Skin and 

external fat were removed and weighed. Bones were cleanly removed resulting in the IMPS 

#402B fresh boneless ham. All seam fat was removed and fabricated into sub-primal pieces: 

outside (IMPS #402E), inside (IMPS #402F), and knuckle (IMPS #402H), with shank and lean 

trim. All muscles and lean trim were weighed providing the pieces used to calculate the weight 

of the defatted ham. 

The IMPS #408 bellies are the portion of the side remaining after removal of the hams, 

shoulders, and loins (Figure 5). IMPS #416 spareribs, soft bones and IMPS #416D breast bones 

were removed as a single piece and weighed as spareribs. Untrimmed bellies were weighed with 

and without the spareribs, skinned, and dissected into lean and fat. The skin, lean and fat were 

also weighed. The anterior (shoulder) and posterior (ham) ends from the bellies were reasonably 

straight and parallel.  

IMPS #410 loins were removed from the bellies by cutting from a location on the rib 

perpendicularly down from the ventral side of the thoracic vertebrae, where the shoulders were 

removed, to the location about 25 mm from the tenderloin at the ham end. The loins were cut at 

two different places, at the grading probe site (between 3rd and 4th last ribs) and between the 2nd 
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and 3rd ribs. The whole loins were weighed with the IMPS #415 tenderloins on, while the primal 

loins were the skinned loins with tenderloins removed. The tenderloins and associated muscles 

were separated into lean and fat. IMPS #415A trimmed tenderloins were the psoas major, only. 

Vertebrae, ribs/costae, pelvic bones, and the scapular tip were removed and weighed as ribs. 

Costae were sawn from the vertebrae and weighed as IMPS #422 back ribs. The remaining 

section of bone and cartilage tissue were considered bones. The IMPS #413D chubs/sirloins were 

removed and external fat was cut away. The demarcation point for the chub’s removal were the 

cavity created by the ilium (Figure 3). The longissimus dorsi was dissected and weighed as the 

IMPS #414 Canadian back (Figure 6). The remainder was dissected into lean and fat trim. A 

copy of the raw data sheet for the pork cut-out from a given carcass side is presented in 

Appendix 1. 

3.4 Loin Measurements 

Following fabrication, loins were cut into three pieces at the grading site (between the 3rd 

and 4th last ribs) and between the 2nd and 3rd last ribs to expose the M. longissimus interface. 

Carcass measurements were assessed at each location by an experienced carcass evaluator and 

included fat depth (mm) (ruler measurement of subcutaneous fat at the grading site and between 

the 2nd and 3rd ribs) 7 cm off the mid-line, loin depth, loin length and loin eye area (LEA; mm2). 

Loin eye area was measured by tracing the longissimus muscle area on acetate paper and 

quantified using an electronic planimeter (MOP; Carl Zeiss, Inc.). The fat depth and loin depth 

(lean) measurements were used to obtain the predicted lean yield (CLY) value for each carcass 

using the following equation: 
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CLY (%) = 68.1863 - (0.7833 × fat depth) + (0.0689 × lean depth) + (0.0080 × fat depth2) – 

(0.0002 × lean depth2) + (0.0006 × fat depth × lean depth) developed from the 1992 

Canadian National Cut-out which was refined in 1994 (CPC, 1994). 

where CLY is the Canadian Lean Yield value for each carcass, and fat depth and lean depth are 

the backfat thickness (mm) and the loin depth (mm) at the grading site, respectively for each 

carcass (CPC, 1994; Pomar and Marcoux, 2003). 

3.5 Loin, Shoulder, and Ham Quality Evaluation 

3.5.1 Loin Chop Sample Allocation and Quality Measurements 

Thirteen 3.0 cm-thick loin chops were cut from the longissimus muscle, trimmed of 

epimysium and external fat, and individually identified for various analyses. The first four loin 

chops originating from the loin's ham end were designated for consumer sensory panel 

evaluation. Similarly, the last two loin chops at the butt end were designated for consumer 

sensory panel evaluation. However, we were unable to carry out the sensory evaluation due the 

COVID-19 pandemic. The samples were individually vacuum packaged and assigned to ageing 

time (14-days post-mortem chilling at ≤ 4°C) prior to evaluation. The remaining loin chops were 

allocated based on the following arrangement: One loin chop was designated for subjective 

evaluation (marbling), instrumental colour and ultimate pH measurements determination. This 

chop was placed on butcher paper and allowed to bloom for 30 min in the Meat Lab processing 

room at ≤10°C for colour development. Immediately after 30 min, instrumental colour 

measurements were taken at 3 different locations on the chop using a Minolta CR-400 with D65 

light source and a 2° observer with an 8 mm aperture (Minolta Chroma Meter CR-400 

colourimeter: Folio Instruments, Kitchener, ON, Canada). Colour data were collected in the 

Commission International de l’Eclairage (CIE) L*a*b* scale with L*, a measure of luminosity 
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with a higher value being indicative of a lighter colour, a*, a measure of the continuum from red 

to green, and b*, a measure of the continuum from yellow to blue (CIE 1978). For a*and b* 

measurements, higher positive values indicate a more intense red or yellow colour, respectively, 

whereas lower values indicate a more green or blue colour, respectively. The colourimeter was 

standardized with a white ceramic tile with specifications of Y = 93.18, x = 0.3165, and y = 

0.3328. To measure colour intensity, the colour trait, Chroma was calculated using the following 

equation: 

Metric chroma: C* = √(𝑎 ∗)2 +  (𝑏 ∗)2 

To measure the colour trait, hue angle, the following equation was used: 

Metric Hue angle: h = tan-1(
𝑏∗

𝑎∗
).[degrees] 

Hue angle is a measure of distance (in degrees) from the true red axis of the colour space (CIE, 

1978) using the above equation. Hue angle is also a representative of colour type based on 

wavelength of light radiation. Afterwards, a National Pork Producers Council (NPPC, 2000) 

guidelines and Canadian Pork Quality Standards (CPQS; CPI 2013) were used by a trained 

evaluator in the Meat Lab to subjectively evaluate lean colour. This same chop was also 

evaluated for NPPC and CPQS marbling scores using the following scoring system: 

i. Marbling score based on the National Pork Producers Council (NPPC, 2000) ten-

point scale (1 = devoid of marbling, to 10 = very abundant marbling) and the 

Canadian Pork Quality Standards (CPI, 2013) six-point scale (0 = devoid of marbling, 

to 6 = very abundant). 

Subsequently, ultimate pH (24 to 72-hr postmortem) measurements were taken at different 

locations on the same loin chop using a Hanna Foodcare Professional Portable pH Meter (Hanna 
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HI 98161: Hanna Instruments, Woonsocket, USA) equipped with spear tipped electrode. The 

three readings would later be averaged to calculate final pH. Prior to the quality measurements, 

the pH meter was placed in the cooler for at least an hour before calibrating using pH 4 and 7 

buffer solutions in order to aid in the accuracy of the measurements. 

One chop was used to determine intramuscular fat content in which the epimysium and 

subcutaneous fat were fully removed prior to cubing and freeze-drying in a Thermo Scientific 

(Fisher Scientific, ON, Canada) freeze dryer for approximately 96 hr. After drying, samples were 

ground in a commercial coffee grinder and mixed thoroughly before sampling. Dry matter was 

determined from the difference in weight before and after freeze-drying and corrected by oven 

drying 1.5 - 2 g samples at 100°C. Intramuscular fat content was determined in the freeze-dried 

meat samples using the Ankom XT20 Fat Analyzer for ether extraction of fat (AOAC, 2000). 1.5 

- 2 g samples were extracted using petroleum ether for 30 min and removed. Then sample bags 

were re-weighed, and the loss of lipids was determined. To determine the percentage of chemical 

lipid in each sample, the following equation was used: 

% Chemical Lipid = (𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡−𝑃𝑜𝑠𝑡 𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑊𝑒𝑖𝑔ℎ𝑡
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡

) ∗ 100 

Figure 7 presents how the samples were allocated for various pork quality assessments. 

Other works was conducted on the rest of the samples which were not included in the thesis 

(Appendix 2). 

3.5.2 Determination of Instrumental Colour and pH in Ham and 

Shoulder Muscles 

Using the methods previously described for instrumental colour and pH determination of 

longissimus muscle, color and pH were assessed on muscles from the butt (serratus ventralis), 
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picnic (triceps brachii), outside round (biceps femoris and semitendinosus), inside round 

(semimembranosus and adductor) and knuckle (rectus femoris and vastus lateralis) at three 

locations after 30 min of blooming. For the semitendinosus, instrumental colour measurements 

were conducted at 4 locations due to the characteristic two-toned colour effect that has often 

been encountered for this muscle (Warriss, 2010). For pH determination, the pH meter was 

cleaned between muscles and after each carcass sample. In addition, the pH meter was 

recalibrated with pH 4 and 7 buffer solutions as needed. 

3.6 Statistical Analysis 

Data from 350 carcasses were utilized for statistical analysis of the data. Descriptive 

statistics for carcass traits and carcass cut-out data (mean, standard deviation, minimum, and 

maximum) were determined using the MEANS procedure in SAS Student Foundation Software 

(SAS Institution Inc., 2013, Toronto, Canada). Distributional assumption about the data was first 

created, i.e., the data were considered to be true samples from a normal distribution. 

Furthermore, normality was tested to ensure the data were normally distributed using PROC 

UNIVARIATE in SAS. Also, normality of residuals was tested after fitting a linear model to the 

data in order to ensure the normality assumption of the model was satisfied. To avoid any 

inaccurate conclusions, diagnostic plots were also employed together with test statistics and P-

values. The combination of graphic methods and statistical tests helped improved judgments on 

the normality of the data. When the normality check was completed, analysis of variance 

(ANOVA) was performed to analyze differences in fixed effects for various traits using PROC 

GLIMMIX in SAS. Gender and method of measurement differences in backfat thickness, muscle 

depth, and lean yield were determined using a 2 by 3 factorial arrangement in a randomized 

complete block design including the fixed effects of gender, method, and the gender × method 
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interaction. Producer (farm) and slaughter dates were included as random effects in the model. 

Individual carcasses were considered as experimental units and method of measurement and 

gender as class treatments. Hot carcass weight (HCW) was included as a covariate in the model 

to examine its effect on carcass traits. Mean differences for all fixed effects were separated by 

Tukey’s method when the P- value for the fixed effect was < 0.05. 

A refined multiple regression equation for the Destron PG-100 lean yield model was 

created using PROC REG in SAS. This equation was refined using the cut-out lean yield 

percentage (carcass lean yield), cutfat34, fatsq, cutlean34, leansq, and fatlean. Cutfat34 was the 

ruler measurement of backfat thickness between the 3rd and 4th last ribs with fatsq being ruler 

backfat thickness squared. Cutlean34 was the ruler measurement of muscle depth between the 3rd 

and 4th last ribs with leansq being ruler muscle depth squared. Fatlean was the product of ruler 

backfat and muscle depths. Once this equation was refined, Destron probe measurements of 

backfat thickness and muscle depth were used to calculate carcass lean yield using the refined 

Destron equation. Statistical analysis of gender and method of measurement differences in 

carcass lean yield from cut-out, existing Destron equation, refined Destron equation, and 

AutoFom III were performed using PROC GLIMMIX with a 2 by 3 factorial arrangement in a 

randomized complete block design. Similar to the procedure previously described above, HCW 

was used as a covariate in the model with gender, method, and gender × method interactions as 

fixed effects, and producer (farm) and slaughter dates included as random effects. Mean 

differences for all fixed effects were separated by Tukey’s method when the P- value for the 

fixed effect was < 0.05. 

The present study used regression analysis to examine the accuracy of cut-out, Destron 

PG-100, and AutoFom III for measuring or predicting lean yield, backfat thickness, and muscle 
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depth. For lean yield, the cut-out was used as the dependent variable with Destron PG-100 or 

AutoFom III serving as independent variables. Also, Destron PG-100 was used as a dependent 

variable with AutoFom III as the independent variable. The relationship (accuracy) between the 

cut-out and Destron PG-100 or AutoFom III measurements was evaluated by the coefficient of 

determination (R2) and the root mean square error (RMSE). A similar procedure was performed 

for analyzing backfat thickness and muscle depth data. To determine potential correlations for 

cut-out traits with Destron PG-100 and AutoFom III traits, a Spearman rank correlation was 

performed using the PROC CORR procedure in SAS. Correlations were considered significant at 

P ˂ 0.05. 

Model statistics for calibration and validation data sets for AutoFom III data were 

developed by officials from Frontmatec in Denmark (M. Christensen, personal communication). 

Partial least squares (PLS) regression was used to predict the measured traits (either lean yield, 

weight, or thicknesses) from the image parameters generated by the AutoFom III ultrasound 

image analysis software. A total of 13 image parameters were generated and they expressed 

information about skin/fat, meat, and fat layer 1 transitions. Both reference and AutoFom III data 

were auto scaled. Outlier behaviours were detected by evaluating hotelling’s T-squared values 

and Q-residuals. To optimize the PLS models, selection of image parameters was made using 

interval partial least squares (iPLS). Its main advantage was to provide an overall picture of the 

relevant information, thereby removing interferences from other parameters and in turn 

providing more parsimonious models. The developed models were validated using a leave-one-

carcass-out validation setup. Hence, all data from one carcass were excluded from the calibration 

set when predicting the validated trait for the carcass and this was repeated for the N carcasses 

included in the dataset. PLS Toolbox 8.6.2 (Eigenvector Research, Manson, USA) with the 
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MatLab 2018b version (MathWorks, Natick, USA) was used for all analysis. Linear regression 

analysis of AutoFom III data for predicting lean yield and weights of primal cuts was performed 

using Excel® for Microsoft 365 (version 16.0). The calculated cut-out measurements were used 

as the reference since they represent actual backfat and loin muscle depths and primal weights 

from the chilled, left carcass side. The accuracy of the AutoFom III for predicting weights for 

bone-in and lean yield percentages for primal cuts was evaluated by comparing the calculated 

cut-out measurements to the corresponding validated AutoFom III readings. 

Carcass quartiles were determined using the QUARTILE.INC in Excel® for Microsoft 365 

(version 16.0). Summary statistics for dissected loin traits (mean, standard deviation, minimum, 

and maximum) were performed using PROC MEANS in SAS and grouped by gender and 

quartiles using PROC SORT. Analysis of variance for loin traits was performed using PROC 

GLIMMIX in SAS with a 2 by 4 factorial arrangement in a randomized complete block design. 

Fixed effects were gender, quartiles, and the gender × quartile interaction. The producer (farm) 

and slaughter dates were included as random effects in the model. Backfat thickness was used as 

the covariate. Mean differences for all fixed effects were separated by Tukey’s method when the 

P- value for the fixed effect was < 0.05. 

Muscle comparison was conducted using PROC GLIMMIX in SAS and grouped by 

muscle and gender using PROC SORT. Fixed effects were muscle, gender, and the muscle × 

gender interaction using a 2 by 9 factorial arrangement in a randomized complete block design. 

The producer (farm) and slaughter dates were included as random effects. Hot carcass weight 

was used as a covariate. Mean differences for all fixed effects were separated by Tukey’s method 

when the P- value for the fixed effect was < 0.05. To examine the relationships between 

instrumental colour and ultimate pH measurements for longissimus muscle with instrumental 
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colour and ultimate pH measurements for selected muscles in the shoulder or ham, Spearman 

rank correlations were performed using PROC CORR in SAS. Correlations were considered 

significant at P ˂ 0.05. The degree of association between two variables was considered (in 

absolute value) weak for r ≤ 0.35, moderate for 0.36 ≤ r ≤ 0.67, and strong for r ≥ 0.68 (Taylor, 

1990). 
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3.8 Tables and Figures 

Table 4. Distribution of Selected Carcasses According to Gender, Hot Carcass Weight, 

and Backfat Thickness 

  

Hot carcass weight (kg)z 

≤ 102.1 102.2 - 107.5 107.6 - 112.2 112.3 - 138 

Gender Gilts Barrows Gilts  Barrows Gilts Barrows Gilts Barrows 

Total number 50 38 47 43 38 47 42 45 

Backfat thickness (mm) 

≤ 15 32 13 21 15 21 8 15 6 

15.5 – 19 13 13 16 9 14 19 18 17 

≥ 19.5 5 12 10 19 3 20 9 22 

z Hot carcass weight was separated by quartile for each gender on each slaughter date. 
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Figure 3. Initial stages of pork carcass dissection into primal and sub-primal cuts for the left side 

of each selected carcass. 



 

72 
 

  Butt        Picnic 

Figure 4. Separation of whole shoulder into butt (right) and picnic (left). Photo credit: Cheryl 

Campbell. 
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Figure 5. Separation of the belly from the loin (top picture), and separated spareribs and 

untrimmed belly (picture below). Photo credit: Cheryl Campbell. 
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Figure 6. The Canadian back (longissimus dorsi) showing the cut between the 3rd and 4th last rib 

position, and the 2nd and 3rd ribs. Photo credit: Cheryl Campbell. 
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Posterior/ham end to the 10th rib    Anterior/butt end to the 10th rib 

 

 

Figure 7. Identification of locations for pork loin quality evaluation and how samples were 

assigned for meat quality evaluation. Photo credit: Justice Bless Dorleku. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Instrumental colour, 

marbling, and pH were 

evaluated on the cut 

surface of the 10th rib 

location on the loin 
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3.9 Appendices 

Appendix 1. Data Sheet for Fabrication of Carcass Side into Primals and Sub-primals and 

Determination of Lean, Bone, and Fat Components 

 

               Pork Cutout 
                           (University of Guelph Meat Lab) 

Carcass ID: _________   U of G ID: _________                                     Date: __________________  
 
Cold left side wt ______________           
 
SHOULDER:  
Whole _________________         Foot ___________       Hock __________                                                  
 
Neckbones   __________                    Lean _______________           Bone __________ 
 
Primal (no neck bone)   _____________  
                                                                                                                       
Rough Butt ____________        Skin _________                   External Fat ____________ 
Retail Butt   _____________       Bone _________                Internal Fat __________ 
Trimmed Butt (lean) __________  
 
Rough Picnic   ____________     Skin __________              Fat _____________ 
Retail Picnic      _____________    Bone __________           Int. fat ___________        Ext. Fat _________ 
Trimmed Picnic (lean) _____________ 
 

BELLY: 
Whole belly (primal) __________                Skin _____________ 
 
Sideribs _____________       Fat _________   Lean   ___________   Bone ________ 
 
Untrimmed Belly (belly - sideribs)   _______________    
 
Belly Lean   _________    Belly Fat    _______ 
 

LOIN: 
Whole loin (primal)   __________________     Skin ____________    External Fat ____________  
   
Ribs (Total) ______    ______    Bones _________     
Backribs   __________               Lean  ________            Bone  _______        

                                                                                                
Boneless loin (Back)                              Loin lean __________          Loin fat _________      
 
Tenderloin ____________ Trimmed tender ________     Lean__________    Fat_________               
 
Chub ______________       Chub lean _________           Chub fat __________ 

HAM: 
Whole Ham (ham plus foot & tail)   ______________    Foot ____________   Shank Lean  ________    
 Tail _________        
 
Ham (minus foot & tail) ___________      Skin   _________      
    
 External fat   _________     Ham Bone ________        Internal fat _________ 
 
Defatted Ham (commercial trimmed) ___________ 
 
Outside round   ________       Inside round   ___________            Knuckle ___________ 
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Appendix 2. Other Quality Assessments Conducted on the Rest of the Samples which were not 

Included in the Thesis 

Untrimmed belly length (cm; measured from the cranial to caudal ends), width (cm; 

measured at the cranial end), and thickness (cm; measured at four quartiles along the dorsal 

portion of the belly) were also recorded. Length (cm) of boneless Canadian back loins (IMPS 

#414) were recorded as well as the thickness (cm), and width (cm) of the loin at the ham and butt 

ends. 

Loin samples were individually vacuum packaged and assigned to ageing time (14-days 

post-mortem chilling at ≤ 4°C) prior to evaluation. The remaining loin chops were allocated 

based on the following arrangement: The loin chop designated for subjective evaluation (colour 

and marbling), instrumental colour and ultimate pH measurements, were also used for firmness, 

wetness, and drip loss determinations. This chop was placed on butcher paper and allowed to 

bloom for 30 min in the Meat Lab processing room at ≤10°C for colour development. 

Immediately after 30 min, NPPC firmness and wetness were evaluated using the following 

scoring system: 

i. Muscle firmness score based on the National Pork Producers Council (NPPC, 2000) 

three-point scale: (1 = soft – cut surfaces distort easily and are visibly soft, 2 = firm – 

cut surfaces tend to hold their shape, 3 = very firm – cut surfaces tend to be very 

smooth with no distortion of shape). 

ii. Muscle wetness score based on the National Pork Producers Council (NPPC, 2000) 

three-point scale: (1 = exudative – excessive fluid pooling on cut surfaces, 2 = moist 

– cut surfaces appear moist, with little or no free water, 3 = dry – cut surfaces exhibit 

no evidence of free water). 
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Subsequently, two cores were taken from the chop for drip loss determination using the E-

Z cup method described by Rassmussen and Andersson (1996). Drip loss containers were 

sequentially labelled with the sample ID starting from 1 and weighed. Two muscle cores were 

prepared from the chop using a cork borer (25 mm diameter) that was cored in the directions of 

the fibres in the middle of the chop. The cores were then placed in a vertical fibre direction in the 

E-Z funnel-shaped cups and the cup lids were then closed. The cups containing the samples were 

weighed before and after refrigeration for 48 hrs at ≤ 4°C. Drip loss was expressed as a 

percentage relative to the initial weight. 

Four chops were individually vacuum sealed and then aged at -1 to 4°C for 2 or 14 d (2 

chops/ageing time) and then frozen at -20°C until further analysis. These chops were later 

thawed over 24 hrs at -1 to 4°C and used to measure Warner-Bratzler shear force (an 

instrumental measure of tenderness). After thawing, chops were trimmed of any external fat and 

epimysium, weighed, and cooked using a Garland Grill (ED-30B broiler: Garland Commercial 

Range Ltd., Mississauga, Canada) to an internal endpoint temperature of 74°C. Cooking 

temperatures were continually monitored using a thermocouple inserted in the geometric centre 

of each chop with initial and final temperatures recorded. Chops were turned after reaching an 

internal temperature of approximately 40°C. Once the chop was cooked to the target temperature 

endpoint, the cooked weight was recorded to determine cooking losses. Chops were placed in 

individual bags, sealed, and immediately chilled in ice water. Chops were stored at 1.5°C for 24 

hrs before coring. Prior to coring, chops were allowed to equilibrate to room temperature 

(approximately 22°C). Three 1.27 cm meat cores were removed parallel to the muscle fibres 

from each chop using a drill press-mounted corer. Cores were sheared using a Warner-Bratzler 

blade on a TA-XT Plus texture analyzer (Texture Technologies Corp., Scarsdale, USA) with a 
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crosshead speed set at 3.3 mm·s-1. Peak shear force was determined using a customized macro 

program in Stable Microsystems Exponent software, and the average of the 6 peak force values 

was taken as the shear force value for each loin chop. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Introduction 

The overall objective of this study was to compare the prediction of saleable lean yield or 

carcass lean yield in pork carcasses via probe technology (Destron PG-100), which is currently 

used to determine saleable lean yield at many Canadian packing plants, ultrasound technology 

(AutoFom III), and carcass side dissection into primals followed by determination of lean, fat, 

and bone content. Since saleable meat yield, saleable lean yield, carcass lean yield, lean meat 

percentage, and lean yield are used to describe the same trait, this thesis will refer to this trait 

simply as lean yield for consistency and clarity. The term, lean yield is also used by packing 

plants for reporting Destron PG-100 probe outputs used to determine financial returns for 

individual pork carcasses. 

4.2 Comparison of Multiple Techniques to Determine Lean Yield 

in Pork Carcasses 

4.2.1 Descriptive Statistics 

Carcasses in this study were representative of commercial carcasses currently produced at 

a commercial packing plant in southwestern Ontario with a 107.6-kg average for hot carcass 

weight, with carcass weights ranging from 89.4 to 138.0 kg (Table 5). This range most likely 

accomplished the study objectives of covering the diverse weights for pigs slaughtered at a 

commercial packing plant in southwestern Ontario since carcasses were selected for the study 

based on actual carcass weight quartiles for each gender from the individual producers’ pigs that 

were used for sourcing carcasses. Means and standard deviation for hot carcass weight (head-
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on), cold side weight, cut-out carcass lean yield, fat thickness and muscle depths measured at the 

3rd and 4th last ribs with a ruler were 107.6 ± 8.04 kg, 47.5 ± 3.75 kg, 56.9 ± 3.80 %, 17.0 ± 

4.69 mm, and 70.6 ± 5.41 mm, respectively. Unlike the United States and Europe, the head was 

included in the weight of the carcass in this study, as this is typical in Canadian processing 

facilities (Barducci et al., 2020). Hence for this study, head-on and head-off weights are specified 

when hot carcass weights are compared with data from American or European studies. The mean 

head-on hot carcass weight was similar to the averages from other recent studies conducted using 

data from the same packing plant in southwestern Ontario (Barducci et al., 2020; Zhou et al., 

2021). In those studies, average head-on hot carcass weights were 106.3 ± 8.51 kg and 107.5 ± 

8.19 kg, respectively. Likewise, Canadian pork carcasses averaged 108.3 kg for the first and 

second quarters in 2021 (CPC, 2021) that was similar to the mean head-on hot carcass weight 

reported for this study. In contrast, the head-on hot carcass weight for this study, 107.6 ± 8.04 kg 

was greater than the historical observations in Canada which ranged from 76.5 kg to 84.1 kg 

(Martin et al., 1981; Fortin et al., 1984; Usborne et al., 1987; Fortin 2004). There has been a 

significant increase in head-on hot carcass weights over the years due to continuous genetic 

improvement, changes in management/feeding practices, cost efficiency, and packing 

plant/market demand. 

It is important to note that the definition of lean yield differs significantly between 

countries and is mainly calculated based on a reference method. Thus, it is challenging to make 

comparisons when the lean yield definition is not clearly stated. The difference in average and 

standard deviation values for the actual fabricated lean yield (56.9 ± 3.80%) in this study and the 

Canadian lean yield definition (61.7 ± 2.68%) reported by Marcoux et al. (2007) was 4.8 ± 1.1 

%. The difference observed may be due to the inclusion of the jowl in the formula of Marcoux et 
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al. (2007) as the denominator. Another reason may be the loss of some fabricated tissues during 

the cutting process on the part of both studies. The loss may result from some lean unknowingly 

falling off the cutting table or some lean mistakenly attaching to fat tissues and bones during 

separation. Notwithstanding, Canadian researchers used the lean yield definition ([weight of the 

muscles of the shoulder, belly, loin, ham, and tenderloin] × 100 × 1.3 / [weight of all cut-outs 

from the half carcass]) established by the European Community regulations on pork carcass 

grading and reported a mean and standard deviation of 53.9 ± 3.59% (Marcoux et al., 2007). The 

reported mean and standard deviation from Marcoux et al. (2007) were similar to the findings 

from this study, probably because both studies did not include fat or bone in the numerator of 

their formulas, although the definition used for lean yield calculations were dissimilar. This 

discrepancy may result from the partial and simplified fabrication method used in the European 

reference method which limited the loss of tissues during carcass fabrication (Marcoux et al., 

2007). Fortin et al. (1984) reported a mean value of 39.6% for lean yield, 17.3% less than the 

value reported in this study. The lower mean lean yield from Fortin et al. (1984) was probably 

partly due to greater backfat thickness in pigs from the 80’s and the lean yield definition which 

included: [(weight of lean in ham, loin, belly, picnic and butt cuts) / (weight of five primal cuts)] 

× 100. The average backfat thickness in the present study, 17.0 ± 4.69 mm was less than the 

average backfat thickness reported by the previous researchers (Fortin et al., 1984) which ranged 

from 13 to 53 mm. Furthermore, the definition of lean yield in Fortin et al. (1984) did not include 

lean from the side ribs and neckbone, reducing the absolute lean yield value. This corroborates 

the assertion made by Pomar et al. (2008), stating that when a higher number and weight of 

tissues were included in the numerator of its formula, the absolute value for lean yield increases. 



 

83 
 

Moreover, when the lower weight of tissues was included, the absolute lean yield value 

decreased. 

Rulers are classified as non-invasive manual devices, and their measurements and readings 

depend on the operator (Pomar et al., 2008). For this study, a ruler was used to measure backfat 

and longissimus muscle depths between the 3rd and 4th last ribs, 7 cm from the midline of the 

split carcass. This site was used in the past by packers to determine carcass lean yield until the 

introduction of new technologies for measuring lean yield. Usborne et al. (1987) also used the 

3rd/4th last ribs site to evaluate bias by comparing ruler measurements for backfat and muscle 

depths and lean yield with values determined via Destron and Hennessy probes. The bias test 

found the Destron probe provided measurements of backfat and muscle depths closer to ruler 

measurements with less bias than the Hennessy probe, although Usborne et al. (1987) approved 

both probes for grading pork carcasses at the same level of confidence. Fortin et al. (1984) 

dissected 224 left side pork carcasses and measured backfat thickness with a ruler with a mean 

backfat thickness of 33 mm, approximately 2 times greater than the backfat thickness reported in 

this study, 17 ± 4.69 mm. Lower backfat depths in the present study were probably due to 

industry producers adopting genetic, nutritional, and management improvements made over the 

years to produce pork carcasses with less backfat and greater levels of muscling. While Masoumi 

et al. (2021) initially used a ruler to measure backfat thickness on 195 pork carcasses at the 

fourth-last thoracic vertebra, 7 cm from the cleft perpendicular to the skin, the researchers only 

reported backfat values (7.8 to 31.8 mm) using a digital calliper. 

The mean and standard deviation for backfat thickness, muscle depth, and predicted lean 

yield measured with the Destron probe for this study were 17.1 ± 4.21 mm, 68.8 ± 6.62 mm, and 

61.8 ± 1.96%, respectively (Table 5) while gender data are presented in Table 6. Probe backfat 
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values were similar (P ˃ 0.05) to ruler (cut-out) backfat measurements for this study (Table 7). 

However, there were differences (P ˂ 0.05) between the Destron probe and ruler for longissimus 

muscle depth and lean yield (Table 7). The lean yield values from the probe were 5.56% greater 

than ruler values for the present study. However, longissimus muscle depth measurements from 

the probe were 1.82 mm less than ruler measurements for the current study. Destron probe data 

for the present study are numerically less than values reported by Barducci et al. (2020) and 

Zhou et al. (2021), where data were collected on 850,819 and 37,488 carcasses, respectively at 

the same commercial packing plant as the present study. Backfat depths in the present study 

averaged 17.1 mm versus 18.5 mm backfat in Zhou et al. (2021) and 18.1 mm backfat in 

Barducci et al. (2020). Longissimus muscle depths in the present study averaged 68.8 mm versus 

66.5 mm muscle depth in Barducci et al. (2020) and 67.6 mm muscle depth in Zhou et al. (2021). 

The across study differences may be due to how carcasses were selected based on carcass weight 

quartiles and backfat depths for each gender in the present study compared with Barducci et al. 

(2020) and Zhou et al. (2021). In addition, the larger scale Barducci et al. (2020) and Zhou et al. 

(2021) studies include much larger numbers of pigs that most likely represented more diverse 

management and marketing programs and more diverse genetics than the present study. Since 

backfat and muscle depths for the three studies were close, similarities in predicted lean yield 

values were not surprising with 61.8% lean yield in the present study and 61% lean yield in both 

Barducci et al. (2020) and Zhou et al. (2021). This contrasts to a past Canadian study (Fortin et 

al., 2003) which reported on average, 17.8 mm backfat and 54.6 mm muscle depths evaluating 

241 carcasses. Another Canadian study (Usborne et al., 1987) evaluated 204 carcasses and found 

backfat thickness to average 19.1 mm and muscle depth to average 49.4 mm. As previously 

stated, nutritional, and management improvements have led to pig carcasses becoming leaner 
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over time (reduced mean backfat thickness, increased mean muscle depth) with backfat thickness 

negatively correlated to muscle depth. 

The mean and standard deviation for the backfat thickness, muscle depth, and predicted 

lean yield assessed by the AutoFom III were 16.6 ± 3.75 mm, 68.8 ± 6.62 mm, and 61.8 ± 

1.96%, respectively (Table 5). Similar to Destron findings, backfat thickness values using 

AutoFom III were similar (P ˃ 0.05) to ruler backfat measurements in this study (Table 7). But 

there were differences (P ˂ 0.05) between AutoFom III and ruler values for lean yield and 

longissimus muscle depth with AutoFom III measuring smaller muscle depths and overpredicting 

lean yield (Table 7). Numerically, our AutoFom III values were not close to Kress et al. (2020) 

which recorded backfat thickness (gilts: 12.31 ± 0.29; barrows: 13.28 ± 0.29 mm), muscle depth 

(gilts: 67.20 ± 0.61; barrows: 65.87 ± 0.62 mm) and predicted lean yield (gilts: 60.72 ± 0.55; 

barrows: 58.85 ± 0.56) evaluating 17,203 carcasses with HCW ranging between 50 to 120 kg. It 

is important to note limited published data exists for population statistics describing backfat 

thickness and muscle depths using AutoFom III. Choi et al. (2019) measured backfat thickness 

using AutoFom III over twelve months on 267,990 carcasses, with backfat thickness averaging 

22 mm for carcasses weighing 87.6 kg on average. The greater backfat thickness in carcasses 

from Choi et al. (2019) versus the present study may be due to the use of three-way crossbred 

pigs (Landrace × Yorkshire × Duroc) in the 2019 study versus the use of Large White/ Landrace 

× Duroc pigs in our study (genetic data not shown). 

The descriptive characteristics of fabricated bone-in and boneless weights, as well as the 

calculated lean yield are presented in Table 5. For bone-in values of primal cuts, we compared 

our study to a recent work conducted in Canada (Masoumi et al., 2021) which used 195 pork 

carcasses to predict weights of primal and commercial cuts using a spectral graph wavelet. The 
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mean weights and standard deviation values (Masoumi et al., 2021) for fabricated bone-in ham, 

shoulder, loin, and belly primal cuts were 12.0 ± 0.84 kg, 12.5 ± 0.88 kg, 12.3 ± 0.98 kg, and 8.7 

± 0.86 kg, respectively as compared to 13.0 ± 1.09 kg, 10.2 ± 0.91 kg, 13.8 ± 1.28 kg, and 8.7 ± 

0.98 kg, respectively for similar cuts (Table 5) which were numerically different. The difference 

may be due to the cut-out approach used in the separate studies. While the present study 

followed the Institutional Meat Purchase Specifications (IMPS, 2014), Masoumi et al., (2021) 

used the Canadian Pork Handbook and the Distributor Education Program (DEP) (CPI, 2011). 

When comparing boneless weights for primal cuts, Choi et al. (2018) reported mean boneless 

weights and standard deviation values for bone-out butt, picnic, loin, belly, and ham as 2.3 ± 

0.30 kg, 4.1 ± 0.47 kg, 2.9 ± 0.43 kg, 6.3 ± 0.93 kg, and 8.7 ± 1.01 kg as compared to 3.0 ± 0.34 

kg, 3.3 ± 0.34 kg, 7.6 ± 0.81 kg, 3.8 ± 0.48 kg, and 8.5 ± 0.89 kg, respectively for similar cuts in 

the present study (Table 5). The between study differences in boneless weights between Choi et 

al. (2018) and the present study were most likely due to a different fabrication procedure used by 

Choi et al. (2018) in which cuts were prepared according to the Livestock Hygiene Control Act 

in Korea, and a pre-defined cut test protocol. Between study differences in lean mean content for 

ham and loin were also present when comparing European work (Knecht et al., 2016) for mean 

lean meat content and standard deviation values in ham (68.8 ± 4.09%) and loin (52.7 ± 6.10%), 

respectively as compared to present study values respectively for ham (64.9 ± 3.27%) and loin 

(55.2 ± 4.79%) (Table 5). 

A descriptive analysis for gender differences in total number, mean, standard deviation, 

minimum and maximum is presented in Table 6. Evaluations in the present study were based on 

51% gilts and 49% barrows, representing a proportion of approximately 1:1. The similar gender 
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distribution was due to the selection criteria involving the conscious effort to have equal 

representative data for both gilts and barrows. 

4.2.2 Gender and Method Differences in Backfat Thickness, 

Muscle Depth, and Lean Yield 

Gender and method of measurement differences in backfat and muscle depths and lean 

yield are presented in Table 7. Since this study evaluated a wide range of carcass weights across 

genders , hot carcass weight (HCW) was used as a covariate to examine its effect on carcass 

traits. Hot carcass weight was significant (P < 0.01) as a covariate for all 3 traits. Razmaite et al. 

(2011) also found backfat thickness, muscle depth, and lean yield were affected by hot carcass 

weight group when the traits were predicted using a Fat-O-Meater. Pieterse et al. (2015) 

observed a linear change in backfat and muscle depths as mean HCW increased from 47 kg to 

115 kg. Although heavier carcasses increased loin muscle and backfat depths, increases in HCW 

decreased estimated lean yield which was primarily driven by greater backfat depths (Price et al., 

2019). The latter study (Price et al., 2019) found HCW accounts for 13%, 21%, and 24% of the 

variation for loin muscle and backfat depths, and estimated lean yield, respectively. 

Backfat thickness was greater (P < 0.0001) in barrows versus gilts with a lower (P < 

0.0001) muscle depth (Table 7). Mean differences between carcasses from barrows and gilts 

were expected based on past studies (Fortin et al., 2003b; Mandell et al., 2006; Overholt et al., 

2016; Lowell et al., 2019) and can be attributed to barrows attaining physiological maturity faster 

than gilts (Lee et al., 2013). While lean yield was greater (P < 0.0001) in gilts versus barrows, a 

gender by method measurement interaction was present (P < 0.0001). Lean yield findings in the 

current study contrast to Lowell et al. (2017) where lean yield did not differ between genders 

based on measurements using the ventral side of longissimus muscle. The scientists reported a 
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significant difference for last rib midline backfat thickness between barrows and gilts. Findings 

from other studies (Fortin et al., 2003b; Mandell et al., 2006; Overholt et al., 2016; Lowell et al., 

2019) support results for the present study with barrows having greater amounts of backfat with 

lower muscle depth and lean yield than gilts. 

The present study used 3 methods for carcass measurements and determination of lean 

yield including traditional manual dissection (cut-out) to measure the amount of lean, fat, and 

bone in a carcass side, use of an optical probe (Destron PG-100) to measure backfat and muscle 

depths at the 3rd/4th last rib grading site, and use of an ultrasonic image analyzer (AutoFom III) to 

measure backfat and muscle depths over the entire loin. To the best of our knowledge, no other 

published study has compared the accuracy of these three methods for determining pork carcass 

lean yield. However, there have been numerous studies that have used one or two of these 

methods for determining pork carcass lean yield (Usborne et al., 1987; Pomar et al., 2002; Pomar 

and Marcoux, 2005; Marcoux et al., 2007; Schinckel et al., 2010; Choi et al., 2018, 2019; 

Janiszewski et al., 2019; Kress et al., 2020). 

There were no method differences (P > 0.25) for measuring backfat between the 3rd/4th last 

ribs (Table 7). Magowan and McCann (2006) compared backfat thickness values using two 

ultrasonic instruments (SFK Pig Scan-A-Mode backfat scanner (SFK), Meritronics A-Mode 

Pulse-Echo scanner) on live pigs, while using a Mark II Ulster probe (Ulster) and an Intrascope 

Optical probe (Optical) to measure backfat on pork carcasses. Similar to the present study with 

no differences in backfat measurements between the Destron and AutoFom III, Magowan and 

McCann (2006) found that backfat thickness values did not differ using SFK, Ulster, or Optical 

probes. While backfat measurements were similar using the Meritronics ultrasonic probe value 

and values obtained after cut-out using a digital calliper, Meritronics ultrasonic probe values 
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were lower than values obtained using the SFK and the Ulster probes. Magowan and McCann 

(2006) also found backfat thickness values were significantly lower than values determined using 

SFK, Ulster, and Optical probes. 

However, there were method differences (P ˂ 0.0001) in measuring loin depths with no 

differences (P > 0.05) in loin depth measurements between using the Destron probe and 

AutoFom III with greater (P < 0.05) loin depth values using the ruler. The difference between the 

cut-out and the other two methods for muscle depth may be attributed to low precision and high 

prediction error for the latter methods as seen in Table 11. Moreover, it was expected that muscle 

depth values obtained using the cut-out method would be less than values recorded using the 

Destron PG-100 and AutoFom III. Since muscle depth measurements during the cut-out were 

conducted at least 24 hrs postmortem and on chilled carcass sides, anticipated shrinkage due to 

drip loss and reduction in carcass temperature may decrease muscle depths as compared to 

muscle depth measurements on a hot carcass. However, ruler muscle depth values were greater 

than Destron probe and AutoFom measurements. This was not supported by findings from 

Magowan and McCann (2006) where digital calliper measurements of backfat thickness on 24-

hour chilled carcasses were lower than ultrasound and optical probe measurements of backfat on 

live pigs or hot carcasses. These between study differences may be due to differences in site of 

measurement and equipment used to measure backfat on the carcass. Magowan and McCann 

(2006) used a digital calliper to measure backfat thickness at the last rib, 6.5 cm off the mid-line 

on the right side of the split carcass, compared to the current study which used a ruler to measure 

backfat thickness between the 3rd and 4th last ribs, 7 cm off the mid-line on the left side of the 

split carcass. 
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Since lean yield is determined in many Canadian packing plants using loin depth 

measurements from the Destron probe, it is not surprising that lean yield values differ (P < 

0.0001) between methods of measurement when there are method differences (P < 0.0001) in 

loin depth measurements as previously described. Lean yield values differed (P < 0.05) across all 

methods of measurement with the greatest value for lean yield found using the Destron probe 

and the lowest lean yield value from the manual cut-out. The high lean yield recorded by the 

Destron probe may be attributed to the overestimation and underestimation of backfat and 

muscle depths, respectively in lean carcasses (Pomar and Marcoux, 2005). These findings 

contrast to Marcoux et al. (2007) where lean yield was 1.3 percentage units greater determining 

the trait from a manual cut-out versus using the Destron PG-100. The discrepancy between 

method differences for calculating lean yield may be attributed to Marcoux et al. (2007) 

calculating cut-out lean yield using the Canadian lean yield definition proposed by Pomar et al. 

(2001) while the present study calculated lean yield using the equation from Fortin et al. (2004) 

with a little modification (including lean from neckbones to the numerator). Concerns have been 

raised about the accuracy of a single site approach which necessitated the introduction of an 

ultrasound system (Pomar and Marcoux, 2003; 2005; Knecht et al., 2016). 

However as previously stated, there was a gender by method measurement interaction (P < 

0.0001) for determining lean yield (Tables 7 and 8). For each gender, lean yield values were 

greatest (P < 0.05) when the trait was determined using Destron probe technology and lowest 

using a manual cut-out with AutoFom values intermediate (Table 8). While the Destron PG-100 

lean yield value for barrows was similar (P > 0.05) to the AutoFom III lean yield value for gilts, 

the Destron PG-100 lean yield value for gilts differed (P < 0.05) from the AutoFom III lean yield 

value for barrows. In addition, there were smaller gender differences in lean yield using Destron 
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probe technology than gender differences in lean yield determined using a manual cut-out or 

AutoFom III technology. 

4.2.3 Refinement of Existing Destron Regression Equation for 

Prediction of Lean Yield 

Multiple regression equations for the Destron PG-100 lean yield model currently in use at 

specific Canadian packing plants and a newly refined Destron PG-100 lean yield model are 

presented in Table 9. To perform the comparison, we considered the actual Destron PG-100 

prediction model developed by the Canadian Pork Council (CPC, 1994). It is important to note 

there is not enough information on the 1994 actual equation model regarding its coefficient of 

determination (R2) and root mean square error (RMSE), or the predominant genetics for those 

pigs when the regression equation was developed. Therefore, no comparison can be made 

regarding the prediction accuracy for each model. However, the R2 and RMSE values for the 

regression model in the current study are 0.77 and 1.82%, respectively (results not reported). The 

1994 study selected pork carcasses based on gender, hot carcass weight, and lean yield (Pomar 

and Marcoux, 2003) compared with gender, backfat thickness, and hot carcass weight in the 

present study. 

Gender and method of measurement differences in lean yield are presented in Table 10 

when including the current Destron PG-100 lean yield model and a newly refined Destron PG-

100 lean yield model. Similar to Table 7, hot carcass weight (HCW) was used as a covariate to 

examine its effect on lean yield. HCW was significant (P ˂ 0.001) as a covariate for lean yield. 

Razmaite et al. (2011) also observed a significant influence of HCW group on lean yield when it 

was predicted using a Fat-O-Meater. In the present study, the Destron backfat and muscle depths 

were substituted into the Destron A and Destron B separate equations to generate lean yield. In 
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agreement with lean yield findings in Table 3, lean yield was greater (P ˂ 0.0001) in gilts versus 

barrows, and a gender × method interaction was present (P ˂ 0.0001). The findings corroborated 

other results where barrows had lower lean yield compared with gilts (Overholt et al., 2016; 

Lowell et al., 2019). Lean yield for the separate Destron equations were compared with 

AutoFom III and the cut-out (Table 10). Although differences in lean yield among methods were 

already established in Table 7, Destron lean yield values predicted using separate equations were 

not studied. Lean yield values differed (P ˂ 0.05) across all methods of measurement with the 

greatest value for lean yield found using the Destron A and the lowest lean yield value from both 

Destron B and manual cut-out. The high lean yield recorded by the Destron A may be attributed 

to the carcass selection criteria adopted for the model development. Pomar and Marcoux (2003) 

stated that the 1993 carcasses were selected based on gender, hot carcass weight, and lean yield, 

compared with gender, backfat thickness, and hot carcass weight in the present study. Further, 

hot carcass weights in 1994 ranged from 65 to 100 kg (Pomar and Marcoux, 2003) while hot 

carcass weights in the current study ranged from 89.4 to 138.0 kg. However, the predominant 

genetics for the 1994 pigs were not reported. Yet, the increase in hot carcass weight over the 

years may have contributed to the high lean yield value for Destron A. In contrast, Barducci et al. 

(2020) reported that heavy carcass weights may not affect the 1994 equation currently being 

used. The similarities in lean yield between the cut-out and Destron B may suggest the need to 

update the equation for Destron A since cut-out was used as the reference in this study. 

4.2.4 Assessment of the Accuracy of the Methods for Predicting 

Lean Yield 

Table 11 presents coefficient of determination (R2) values from regression analysis for 

evaluating three methods for measuring pork carcass traits. For the 350 observations used, 
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Destron PG-100 lean yield values explained 66% (R2 = 0.66) of the variation for lean yield 

(RMSE = 2.22%) determined by a manual cut-out. Fortin et al. (2004) reported a greater 

coefficient of determination (R2 = 0.74 and RMSE = 1.56) when the Hennessy grading probe was 

used to predict lean yield. Although Hennessy and Destron are both light reflectance devices that 

measure backfat and muscle depths in pork carcasses, they have different prediction equations, 

which may explain the difference in precision between Fortin et al. (2004) and the present study. 

Another reason may be the distinctness of each device for measuring backfat and muscle depths 

based on the wavelength of light emitted (Pomar and Marcoux, 2005). In Canada, the prediction 

error (RMSEP) obtained using the Destron PG-100/200 ranged from 1.71 to 2.43% (Usborne et 

al., 1987; Pomar et al., 2001; Fortin et al., 2003). Nevertheless, we can not conclude that our 

RMSE value was within the range found in past Canadian studies. This was because the value 

(RMSE = 2.22%) was obtained from the evaluation of the difference between estimated (Destron 

PG-100) and observed (cut-out) values. In contrast, RMSEP is obtained during validation, 

reflecting the predictive ability rather than the precision of estimation. The AutoFom III lean 

yield value accounted for 77% and 76% (R2 = 0.77 and 0.76) of the variation in cut-out and 

Destron PG-100 lean yield values, respectively (RMSE = 1.83 and 0.96). In this study, it can be 

inferred that the AutoFom III device had a better prediction accuracy for lean yield than the 

Destron PG-100 when both were compared against the cut-out (baseline). The observed 

advantage of the AutoFom III over the Destron may be attributed to the multiple sites of trait 

measurements and the full automation of the device. Similarly, Branscheid et al. (1997) 

compared the AutoFom to the Fat-O-Meater and found that the AutoFom better predicted lean 

yield (RMSE: 1.58% vs. 2.01%). However, Canadian scientists did not observe any superiority 

for the AutoFom over the Fat-O-Meater for estimating lean yield (Fortin et al., 2004). 
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The accuracy for various methods in measuring backfat and loin muscle depths on barrow 

and gilt carcasses was determined. Both the cut-out and Destron PG-100 measurements for 

backfat and loin muscle depths were taken on one site between the 3rd and 4th last ribs, 7 cm off 

the exposed surface of the split carcasses. The cut-out measurement was taken with a ruler on the 

chilled, left carcass sides, while Destron PG-100 measurements were taken on-line at the packing 

plant on the hot carcass before it entered a chill cooler. For AutoFom III, traits measurements 

were generated after scanning the back of the carcass after the carcass had been scalded and 

dehaired. Regression analysis including coefficients of determination (R2) and root mean square 

error (RMSE) values for examining methods for measuring backfat and loin muscle depths are 

presented in Table 11. The R2 for cut-out versus Destron PG-100 was considered strong (R2 = 

0.88) for predicting backfat depths. This indicates that the degree of agreement between the 

Destron PG-100 and cut-out values for backfat thickness was strong. Furthermore, the Destron 

PG-100 was effective at predicting backfat thickness (RMSE = 1.63). Our results concur with 

findings from Pomar and Marcoux (2005), who concluded that optical probes were more precise 

in measuring backfat thickness than the ultrasound-based Carcass Value Technology (CVT) 

system. Pomar and Marcoux (2005) reported a strong (R2 = 0.81) agreement between the Destron 

PG-100 and the digitized image (reference) for measuring backfat thickness. Despite the 

effective performance of the Destron PG-100 for predicting backfat thickness, this measurement 

was overestimated in lean carcasses with a random bias ranging from 1.3 to 19 mm (Pomar and 

Marcoux, 2005). There was also strong agreement between AutoFom III and cut-out values for 

measuring backfat thickness (R2 = 0.86 and RMSE = 1.74) in the present study. Both the Destron 

PG-100 and AutoFom III values were effective predictors of backfat thickness with minimal 

prediction errors when compared to backfat values obtained using a manual cut-out. However, 
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these technologies were very poor for predicting loin muscle depths. For loin muscle depth, the 

Destron PG-100 could only account for 25% (R2 = 0.25) of the variation in cut-out loin muscle 

depth, with a high prediction error (RMSE = 4.69). Correspondingly, the AutoFom III loin 

muscle depth explained 32% (R2 = 0.32) of the variation for cut-out loin muscle depth with a 

prediction error of 4.46. Both RMSE values (4.69 and 4.46) are above the European Union 

requirement (RMSE ˂ 2.5) for grading equipment to accurately calculate lean yield in pigs 

(Commission Regulation (EC) 1249/2008). It was observed in the current study that the 

AutoFom III predicted loin muscle depth with greater accuracy than the Destron PG-100. Pomar 

and Marcoux (2005) formed a similar conclusion, stating that ultrasound instruments were better 

predictors of loin muscle depths than optical probes. Variation between operators and improper 

probing of the pork carcass may be reasons for lower probe accuracy and prediction error than 

ultrasound. Pomar and Marcoux (2005) reported relatively higher R2 values than the current 

study where Destron PG-100 and two different CVT systems were independently compared with 

their corresponding loin muscle depth measurements taken on digitized images. In evaluating the 

closeness between the Destron PG-100 and the AutoFom III for measuring loin muscle depths, in 

the present study, the coefficient of determination was considered weak with a high prediction 

error (R2 = 0.12 and RMSE = 6.23). 

4.2.5 Spearman Correlation Coefficients (r) for Examining 

Relationships Amongst Cut-Out, Destron Probe, and 

AutoFom III Traits 

Spearman’s rank-order correlation coefficients across all traits (backfat thickness, loin 

muscle depth, and lean yield) were evaluated for cut-out, Destron PG-100, and AutoFom III 
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methods (Table 12). The degree of association between two variables was considered (in 

absolute value) weak for r ≤ 0.35, moderate for 0.36 ≤ r ≤ 0.67, and strong for r ≥ 0.68 (Taylor, 

1990). In the present study, there was an inverse proportional relationship between backfat and 

muscle depths and between backfat thickness and lean yield, except for ruler backfat thickness 

and Destron PG-100 muscle depth. Similar observations were made in recent studies in Canada 

and Korea (Barducci et al., 2020; Zhou et al., 2021; Hoa et al., 2021). In the present study, there 

was an inverse proportional relationship (P < 0.05) between backfat thickness and muscle depths 

and between backfat thickness and lean yield with the exception of a nonsignificant negative 

correlation between backfat ruler thickness and Destron PG-100 muscle depth. There was a weak 

negative correlation between ruler backfat thickness and ruler muscle depth (r = -0.230; P ˂ 

0.05), with a strong negative correlation between backfat thickness and cut-out calculated lean 

yield (r = -0.851; P ˂ 0.05). This was expected based on previous reports that indicated backfat 

thickness better predicts lean yield than muscle depth (Pomar and Marcoux, 2005). Hoa et al. 

(2021) observed a moderate negative correlation between backfat thickness and cut-out 

calculated lean yield (r = -0.532). The latter study used a vernier calliper for measurements 

between the 11th and 12th ribs, and between the last rib and first lumber vertebrae, compared with 

a ruler used between the 3rd and 4th last ribs in the present study which may be responsible for the 

lower correlation coefficient. 

In establishing the relationships between the ruler and the other methods for measuring 

backfat and muscle depths, similar trends were observed. There were strong negative correlations 

between backfat ruler thickness and lean yield for Destron PG-100 and AutoFom III (r = -0.920 

and r = -0.909, respectively). Furthermore, backfat ruler thickness was more correlated to 

AutoFom III muscle depth (r = -0.491; P ˂ 0.05) than to Destron PG-100 muscle depth (r = -
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0.101; P ˃ 0.05). This may be due to the impartial nature of the AutoFom III and total scanning 

of the back of the pork carcass compared with a single site probing of the carcass with the 

Destron PG-100 (Brøndum et al., 1998). In agreement with Magowan and McCann (2006), 

backfat ruler thickness was strongly correlated with backfat thickness using the Destron PG-100 

(r = 0.936; P ˂ 0.05) and AutoFom III (r = 0.932; P ˂ 0.05). Magowan and McCann (2006) 

reported a strong positive relationship when digital calliper backfat measurements were 

correlated with backfat thickness measurements using an optical probe (r = 0.877) and ultrasonic 

device (r = 0.837). In the present study, there was a moderate positive correlation between the 

ruler muscle depth measurements and cut-out calculated lean yield (r = 0.382; P ˂ 0.05). Since 

loin muscle depth is known to be an estimator of loin-eye area (Wilson et al., 2016), some 

scientists have investigated the relationship between loin-eye area and cut-out calculated lean 

yield (Hoa et al., 2021). The latter study found a weak negative relationship (r = -0.174) between 

loin-eye area and cut-out calculated lean yield. The discrepancy may be because loin muscle 

depth only accounts for depth of the muscle and does not account for the loin muscle width or 

length. Thus, such a comparison between the loin muscle depth and loin-eye area may not be 

valid. Ruler muscle depths were weakly negatively correlated with backfat thickness from the 

Destron PG-100 (r = -0.183; P ˂ 0.05) and AutoFom III (r = -0.248; P ˂ 0.05). Correspondingly, 

ruler muscle depths were weakly correlated with lean yield from the Destron PG-100 (r = 0.262; 

P ˂ 0.05) and AutoFom III (r = 0.368; P ˂ 0.05). However, there was a moderate relationship 

between ruler muscle depth and muscle depth measurements from the Destron PG-100 (r = 

0.605; P ˂ 0.05) and AutoFom III (r = 0.633; P ˂ 0.05). 

There were strong correlations (r ≥ 0.68) between calculated cut-out lean yield and all 

Destron PG-100 and AutoFom III parameters, except for Destron PG-100 muscle depth (r = 
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0.225 ) and AutoFom III muscle depth (r = 0.609; Table 12). Prediction errors associated with 

Destron PG-100 probing (RMSE = 4.69; Table 11) and AutoFom III scanning (RMSE = 4.46; 

Table 11) may be a contributing factor to the weak correlation between calculated lean yield and 

Destron PG-100 muscle depth. There was a weak negative correlation between Destron PG-100 

backfat and muscle depths (r = -0.122; P ˂ 0.05) in agreement with past studies evaluating over 

30,000 carcasses at the same packing plant using Pearson’s correlation method (Barducci et al., 

2020; Zhou et al., 2021). These studies found significantly weak negative correlations between 

Destron PG-100 backfat and muscle depths with r < 0.15. Destron PG-100 backfat thickness 

measurements were strongly correlated with all AutoFom III traits, except for muscle depth 

which was moderately negatively correlated (r = -0.476; P ˂ 0.05). To the best of our 

knowledge, no recent scientific publication has been made available with correlations between 

measurement collected with the Destron PG-100 and with the AutoFom III. Previous studies 

using earlier versions of the AutoFom compared the device to other grading equipment 

(Branscheid et al., 1997; Brøndum et al., 1998; Busk et al., 1999; Fortin et al., 2004; Font i 

Furnols and Gispert, 2009). Therefore, limited comparisons can be made with other studies. 

Unlike the relationships between Destron PG-100 backfat thickness measurements and 

most AutoFom III traits, Destron PG-100 muscle depth measurements were weakly correlated 

with all AutoFom III traits except for a moderate correlation with AutoFom III muscle depth (r = 

0.468; P ˂ 0.05). Destron PG-100 predicted lean yield was moderately to strongly correlated to 

all AutoFom III traits. AutoFom III backfat and muscle depth measurements were moderately to 

strongly correlated to its predicted lean yield, respectively. While AutoFom III did a better job 

predicting muscle depth compared to the Destron PG-100, there were only moderate correlations 

between both on-line methods and ruler measurement of muscle depth.  
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4.2.6 Calibration and Validation Models for Using AutoFom III to 

Predict Carcass Characteristics and Primal Cut Weights 

Table 13 presents AutoFom III calibration and validation model statistics for using 

AutoFom III to predict pork carcass characteristics and primal cut weights. Manual dissection 

and ruler measurements were used as the baseline for calibration and validation models. For the 

calibration, 195 carcasses were used with outliers eliminated from the data set. For carcass 

characteristics, lean yield and backfat thickness had better prediction accuracy than loin muscle 

depth based on R2cv and RMSECV values. In addition, determination of lean yield had a 

prediction error (RMSECV: 1.7) well below the European Commission limit of approval of 2.5% 

(Commission Regulation (EC) 1249/2008). The prediction error for lean yield in the present 

study was slightly lower than corresponding prediction errors in past studies (1.8 vs. 1.9%; Busk 

et al., 1999; Font i Furnols and Gispert, 2009) while similar to the 1.68% prediction error 

reported by Fortin et al. (2004). The reduction in prediction error over time when compared to 

other studies may be explained by improvements made on the ultrasound device over the years 

with the different AutoFom models. However, when the R2 was examined for predicting lean 

yield (Table 13), this value concurred with Fortin et al. (2004) and Font i Furnols and Gispert 

(2009), past studies reporting R2 values of 0.75 and 0.78, respectively. The relationship of 

AutoFom III measurements of loin depth to ruler measurement of loin depth in the present study 

reinforced AutoFom III’s moderate ability for accurately predicting loin muscle depth. 

According to Brøndum et al. (1998), errors in predicting loin muscle depth may be attributed to 

the difficulty for the ultrasound device for determining the intersection point between the muscle 

and the ribs (D-point) and to handle noisy appearance present in ultrasound images, mainly 

double reflections occurring in the loin muscle area right after the subcutaneous fat layers. 
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According to the manufacturer’s manual, AutoFom III has exceptional precision and can 

define each primal cut to determine lean meat yield at the primal cut level. Thus, it enables 

accurate yield management solutions for cut-floor performance. The technology provides the 

plant with the ability to examine how yields for primal pork cuts are affected by changes in plant 

operations, pig body weight at slaughter, and source. Kress et al. (2020) asserted that commercial 

processing facilities do not normally weigh each primal pork cut separately to determine 

economic value; instead, the weights for different primal cuts are estimated based on AutoFom 

III data outputs. In the present study, R2cv and RMSECV values for bone-in weights and lean 

percentages from pork carcass primal cuts (whole shoulder, picnic, butt, loin, belly, ham) for 

calibration are presented in Table 13. For the bone-in weights, the cross-validated prediction 

accuracy (R2cv) for primal calibration models ranged from 0.71 (belly) to 0.84 (whole shoulder). 

The range for R2cv in the present study falls within the range reported by Korean scientists when 

evaluating boneless primal weights (Choi et al., 2018). The latter study identified that AutoFom 

III has an effective cross-validated prediction accuracy with R2cv values ranging from 0.77 – 

0.86 for predicting boneless weights for the five major primal cuts (shoulder butt and picnic, 

loin, belly, and ham). RMSECV values ranged from 0.23 kg (bone-in butt) to 0.52 kg (bone in 

belly) (Table 13). Evaluating AutoFom I, Fortin et al. (2004) reported calibration parameters 

ranging from ranging from 0.59 – 0.84 and 0.2 kg – 0.4 kg for R2 and RMSE, respectively for 

predicting bone-in lean weights for picnic, butt, loin, ham, and belly. This compares to ranges in 

R2 and RMSE from 0.71 – 0.84 and 0.23 kg – 0.53 kg, respectively, in the present study. 

Differences in RMSE range between the two studies may be due to lean weights being 

investigated by Fortin et al. (2004) versus bone-in primal weights in the present study. 

Janiszewski et al. (2019) developed regression equations to estimate the percentage, weight, and 
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lean meat content for primal cuts in pork carcasses using AutoFom I. While the developed 

regression equations had the same prediction error for bone-in ham weight as the present study, 

there were lower RMSE values for bone-in loin, shoulder, and belly weights in the Janiszewski 

et al. (2019) study. 

Prediction of lean yield in the loin by AutoFom III was characterized by a high R2cv value 

(0.82) and a low RMSECV value (1.8%) for primal lean yield. Janiszewski et al. (2019) also 

reported a high R2cv value of 0.93 and a low RMSECV value of 0.26% for lean yield prediction 

in the loin. Moderate prediction accuracy was found in the present study for whole shoulder, 

picnic, butt, belly, and ham with R2cv values ˂ 0.68. In contrast, Janiszewski et al. (2019) 

reported strong prediction accuracy for ham, shoulder, and belly with R2cv values ≥ 0.68. 

Moderate prediction accuracy in the present study may be due to some scattered noise in the 

ultrasound, distorting the image analysis algorithm (Brøndum et al. (1998). Scattered noise has 

been reported to be exceptionally high in the ham and shoulder, with insignificant noise in the 

loin (Brøndum et al., 1998). In comparing studies, lower prediction errors were recorded by 

Janiszewski et al. (2019) than the present study. Variations in device prediction errors have been 

attributed to the difference in countries’ definition of lean yield, and sample size used (Pomar et 

al., 2008). Thus, the discrepancy between Janiszewski et al. (2019) and the current study may be 

due to the difference in sample sizes and cutting methods since the method in Canada is different 

from Europe. 

To validate the calibration model, a validation test was conducted using 142 carcasses, 

which were not used to develop the calibration model (Table 13). For all carcass characteristics 

except loin muscle depth, carcass R2pred values were greater than R2cv values. The R2pred value 

recorded for loin muscle depth was 0.17 less than the R2cv value. Backfat thickness had the 
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highest R2pred value (0.89), and loin muscle depth had the least (0.40) with minor differences 

between R2pred and R2cv values. Fortin et al. (2004) reported an R2pred value of 0.61 and a SEPv 

value of 2.05 when AutoFom I was used for lean yield validation which contrasts to a stronger 

prediction accuracy (R2pred = 0.79) and low prediction error (RMSEP = 1.9%) in the present 

study for validating lean yield. Although R2pred and RMSEP values were greater than R2cv and 

RMSECV values for primal lean yield, the differences were minimal (Table 13). The RMSEP 

values in the present study fulfill the European Union requirement (RMSE ˂ 2.5) for grading 

equipment to accurately calculate lean yield in pigs (Commission Regulation (EC) 1249/2008), 

except for the belly (RMSEP = 3.3%) and butt (RMSEP = 2.8%). 

4.2.7 Linear Regression Analysis of AutoFom III for Predicting 

Lean Yield and Weights of Primal Cuts 

Calculated cut-out measurements for primals were used in this study as the reference, since 

backfat and loin muscle depths and primal weights are derived when the chilled left carcass sides 

are dissected into primals and then lean, fat, and bone components. The accuracy of the 

AutoFom III for predicting weights of bone-in primals and corresponding lean yield of primal 

cuts can be evaluated by graphing the calculated cut-out measurements to the corresponding 

validated AutoFom III readings (Figures 8-20). In comparing the cut-out bone-in primal weights 

to the corresponding validated AutoFom III predictions, the greatest R2 value (0.80) was found 

for the loin with the lowest R2 values (0.60) found for the butt and picnic (Figure 8-13). These 

results can be interpreted to infer that AutoFom III moderately predicts bone-in weights for the 

butt and picnic in agreement with Choi et al. (2018) in which R2 values were 0.49 and 0.59 for 

boneless butt and picnic, respectively when AutoFom III was used. AutoFom III can strongly 

predict the bone-in weights of whole shoulder (R2 = 0.71), loin (R2 = 0.80), belly (R2 = 0.77), and 
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ham (R2 = 0.76). This contrasts to moderate R2 values for belly (R2 = 0.57), and ham (R2 = 0.63) 

found by Choi et al. (2018) using AutoFom III while the latter study reported R2 = 0.71 for 

boneless loin, which was in agreement with the present study.  

AutoFom III can accurately predict total lean yield (R2 = 0.74) (Figure 14). To the best of 

our knowledge, no scientific article has been published that studied AutoFom III's ability to 

predict total lean yield by comparing the cut-out values to validated AutoFom III values. Fortin 

et al. (2004) studied the relationship between predicted saleable meat yield and measured 

saleable meat yield using AutoFom I calibration models and cut-out values. The R2 value was 

0.61 and Fortin et al. (2004) ranked AutoFom I intermediate for the ability to predict saleable 

meat yield accurately. For predicting lean yield for primals, the greatest R2 value (0.80) was 

found for the loin with the lowest R2 value (0.54) found for the ham (Figure 15-20). The 

AutoFom III prediction accuracy for butt, whole shoulder, and loin lean yield were strong, while 

the picnic, belly, and ham were moderate. The results from the present study indicate AutoFom 

III can accurately predict primal weights and lean yield, especially for predicting the weights and 

lean yield for loin and whole shoulder. 

4.3 Introduction 

The second objective of this study was to examine the effects of hot carcass weight and 

gender on loin carcass and meat quality traits and instrumental measurements for colour and 

ultimate pH (24 h) for selected muscles in the shoulder (butt, picnic), and ham. 
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4.4 Effects of Gender and Hot Carcass Weight Quartile 

Differences on Loin and Marbling Characteristics and 

Relationships of Marbling Score to Intramuscular Fat 

Content 

4.4.1 Summary Statistics for Dissected Loins Based on Hot Carcass 

Weight Quartiles and Gender 

Descriptive statistics for loin carcass characteristics, marbling score, and IMF content are 

presented in Table 14. Wu et al. (2017) posited that pork carcass characteristics are greatly 

impacted by increasing market weight in pigs above 130 kg. However, it has previously been 

established that heavier pigs up to 125 kg liveweight do not influence carcass and meat quality 

(Correa et al., 2006). Although the current study focused on HCW instead of live market weight, 

there is a linear relationship between slaughter weight and HCW (Latorre et al., 2004). 

Harsh et al. (2017) reported that HCW accounted for less than 6% of the variability in loin 

quality parameters. Rice et al. (2019) investigated the effects of pork HCW on loin quality 

characteristics and reported that pork quality parameters will not be negatively affected by 

increasing HCW when carcass weights were grouped under light (˂ 111.8 kg), medium-light 

(111.8 to 119.1 kg), medium-heavy (119.1 to 124.4 kg), and heavyweight (˃ 124.4 kg) carcass 

weight classes. Numerically, backfat thickness, loin eye area, whole loin weights, total lean 

weights, and amount of external fat increased with increasing HCW for the barrows, except loin 

eye area and total lean as a percentage of total loin weight (Table 14). 
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4.4.2 Effect of Gender and HCW Quartiles on Loin Carcass 

Composition, Marbling Score, and IMF Content 

Gender and HCW quartile differences in loin carcass composition, marbling scores, and 

IMF content are presented in Table 15. Backfat thickness was significant as a covariate for all 

traits examined (Table 15). Analysis of the results showed that backfat thickness used as a 

covariate was significantly different (P ˂ 0.05) between barrows and gilts, and among quartiles 

for all the variables. Gender differences and HCW quartiles for backfat thickness in the present 

study are consistent with results from previous studies (Mandell et al., 2006; Duziński et al., 

2015; Knecht and Duziński, 2016; Kim and Kim, 2017; Hwang et al., 2020; Redifer et al., 2020; 

Hoa et al., 2021) which either looked at gender, HCW, or both. Mandell et al. (2006) 

investigated the effect of gender on backfat thickness at grade site (between 3rd and 4th last ribs) 

and reported a 3.9 mm greater backfat thickness in barrows than gilts when HCW averaged 93.4 

kg. Duziński et al. (2015) categorized backfat thickness into two groups (˂ 25 mm; and ≥ 25 

mm) based on mean carcass side weights of 43.1 and 44.3 kg, respectively. Significant side 

weight differences were observed for loin total mass and intermuscular fat mass in the Duziński 

et al. (2015) study. However, the authors found no differences in lean meat mass between the 

two groups. Knecht and Duziński (2016) reported backfat thickness influenced loin weight as a 

% of carcass sides with loin % content greater when backfat thickness exceeded 26 mm, 

intermediate when backfat thickness ranged from 22 – 26 mm, and lowest when backfat 

thickness was ˂ 22 mm. Kim and Kim (2017) found that backfat thickness increased in carcasses 

grouped under ≥ 80 kg compared with carcasses grouped under ˂ 70 kg. In addition, backfat 

thickness group (≥ 25 mm; mean HCW of 75.9 kg) had a greater carcass dressing % and 

marbling score than backfat thickness group (˂ 15 mm; mean HCW of 60.2 kg). While Hwang et 
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al. (2020) indicated backfat thickness increased as carcass weight increases from ≤ 90 kg to ˃ 

100 kg, there were significant gender differences in backfat thickness between gilts and barrows 

for all weight categories (commercial carcass weight, heavy carcass weight, and very heavy 

carcass weight). There was no effect of measurement site for assessing backfat thickness as 

Redifer et al. (2020) found backfat thickness measured at 10th and last ribs were both greater in 

barrows than gilts. Hoa et al. (2021) reported backfat thickness affected loin meat and fat yields 

with leaner carcasses (12 – 15 mm backfat) having greater loin meat yield than fatter carcasses 

(26 – 30 mm backfat) along with a linear increase in loin fat yield as the backfat thickness 

increased. 

In the current study, there were no significant differences (P ˃ 0.45) for whole loin weight 

or loin weight as a percentage of HCW between barrows and gilts (Table 15). In agreement, 

Cisneros et al. (1996) reported similar gender results for loin wholesale cut weights, and loin 

weight as a percentage of side weight. Furthermore, Mandell et al. (2006) also observed no 

significant gender differences for loin weight as a percentage of HCW. However, Overholt et al. 

(2016) reported significant differences in boneless loin weights between barrows and gilts with 

loins from gilts 0.18 kg heavier than loins from barrows. The discrepancy is likely because 

weights of boneless Canadian back loin cuts were studied (Overholt et al., 2016) compared with 

weights for bone-in whole loins in the current study. There were gender differences (P ˂ 0.05) 

for total lean weight, percentage lean in loin, external fat weight, NPPC and CPQS marbling 

scores, and IMF content (Table 15). While the % lean in the loin was 1.19% greater in gilts than 

barrows in the present study, Mandell et al. (2006) found that lean yield in the loin was 1.9% 

greater for gilts than barrows. Correa et al. (2006) also found the percentage lean in the loin was 

greater for gilts than barrows. In contrast, Cisneros et al. (1996) recorded no significant 
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differences between barrows and gilts for trimmed boneless loin cut weight and trimmed 

boneless loin cut percentage. The authors (Cisneros et al., 1996) trimmed loins to 3 mm of 

subcutaneous fat unlike complete separation of both subcutaneous and intermuscular fat depots 

from the lean in the current study. Since Cisneros et al. (1996) expressed loin trait values as a 

percentage of side weight as compared to expressing loin trait values as a percentage of HCW, 

this may explain differing results between the two studies. 

In contrast to barrows having lesser amounts of lean than gilts, external fat, NPPC and 

CPQS marbling scores, and IMF content were greater (P ˂ 0.05) in barrows than gilts. This is 

not surprising since barrows are known to deposit more fat than gilts (Claus and Weiler, 1994) 

which results in gilts being leaner than barrows. Greater marbling (NPPC and CPQS marbling 

scores; P ˂ 0.05) in barrows versus gilts agrees with past studies (Cisneros et al., 1996; Mandell 

et al., 2006; Boler et al., 2014; Overholt et al., 2016; and Redifer et al., 2020). Conversely, 

Lowell et al. (2017) reported no differences for 1-day postmortem loin NPPC marbling scores 

between barrows and gilts but later found NPPC marbling scores for the 14-day aged chop face 

of the longissimus muscle and ventral surface posterior to the spinalis dorsi were greater for 

barrows than gilts. With regards to IMF content, Jeremiah (1998) reported that pork loin IMF 

levels below 2% result in low palatability ratings by consumers for eating satisfaction. In the 

present study, loin IMF content for barrows and gilts were above 2% with barrows having 

greater (P ˂ 0.04) IMF content than gilts. In agreement, Redifer et al. (2020) and Lowell et al. 

(2017) also reported that barrows had greater IMF content than gilts when loin chops were 

analyzed at 2- and 14-day postmortem, respectively. On the other hand, Cisneros et al. (1996) 

recorded no significant difference between barrows and gilts for lipid content from the 

longissimus thoracis et lumborum muscle. The discrepancy between gender differences in IMF 
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content found in the present study and Cisneros et al. (1996) may be due to breed differences. 

Mandell et al. (2006) found sire differences in IMF content between genders, with Durocs having 

more IMF than Yorkshires. In the current study, crossbred progeny from Large White dams and 

Duroc sires were used. Based on a meta-analysis, Trefan et al. (2013) stated that breed had an 

impact on estimated IMF content in longissimus muscle with greater amounts of IMF in Duroc 

and lower amounts of IMF in Large White. 

The impact of HCW quartile (≤ 102.1 kg, 102.2 - 107.5 kg, 107.6 - 112.2 kg, and 112.3 - 

138 kg) on loin carcass composition, marbling score and IMF content is presented in Table 15. 

There were no significant differences (P ˃ 0.05) among all the quartiles for loin weight as a 

percentage of HCW, percentage lean in loin, NPPC and CPQS marbling scores, and IMF 

content. However, significant differences (P ˂ 0.0001) were observed among all quartiles for 

backfat thickness, whole loin, total lean, and external fat weights. While whole loin weight 

increased (P ˂ 0.05) by approximately 1 kg with increasing HCW quartile, there were no quartile 

differences (P ˃ 0.13) in loin weight, when expressed as a % of HCW. Correa et al. (2006) and 

Duziński et al. (2015) also recorded increases in commercial loin weight and loin total weight as 

slaughter side weights increased. Knecht and Duziński (2016) observed nonsignificant increases 

in loin weight as carcass side weight increased. In contrast, Knecht and Duziński (2016) noted no 

significant difference among loin meat yield as half-carcass weight increased from ˂ 42 kg to ˃ 

48 kg. The discrepancy may be attributed to the differences in fabrication methods since the 

European method is different from the Canadian method. The European loin fabrication excludes 

portions of the butt and sirloin ends, making it shorter than the Canadian method which includes 

portions of the butt and sirloin ends. Furthermore, the categorization of side weight compared 

with HCW categories in the current study may also be a factor. There were HCW quartile 
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differences (P ˂ 0.0001) in amounts of external fat (subcutaneous fat over the longissimus 

muscle) with lower (P ˂ 0.05) amounts of external fat in quartile 1, intermediate amounts in 

quartile 2 and 3, and the greatest (P ˂ 0.05) amount of external fat in quartile 4. 

Marbling score (NPPC, CPQS) was not affected (P ˃ 0.43) by HCW quartile in the present 

study (Table 15) in agreement with 1-day postmortem assessment of marbling in the loin by 

Harsh et al. (2017). Correa et al. (2006) and Rice et al. (2019) also observed no significant 

differences among slaughter weights and HCW weight groups, respectively, for NPPC marbling 

score. The latter study also found no differences in longissimus muscle chop IMF content across 

varying carcass weights supporting the nonsignificant differences (P > 0.83) in IMF content 

across HCW quartiles in the present study. The IMF values in the present study exceeded the 2% 

IMF content threshold for satisfactory palatability ratings established by Jeremiah (1998) and the 

1.5% IMF content threshold noted by Fortin et al. (2005b) for consumers to have a satisfactory 

eating experience eating pork loin chops. 

There was no gender by HCW quartile interactions (P > 0.05) for any trait (Table 15). 

4.4.3 Comparison of pH and Instrumental Colour Measurements 

Among Various Muscles from the Loin, Shoulder, and Ham 

Gender and muscle differences in pH and objective measurements of lean colour among 

various muscles from the loin; shoulder, and ham are presented in Tables 17 and 18. Since the 

study evaluated a wide range of carcass weights across genders, hot carcass weight (HCW) was 

used as a covariate to examine its effect on muscle pH and colour traits. While HCW was not 

significant (P = 0.55) as a covariate for pH in the present study, Bertol et al. (2015) reported that 

increasing slaughter weight affected LT pH. Hot carcass weight was significant (P ≤ 0.05) as a 

covariate among all muscles for L*, a*, b*, and Chroma values. Bertol et al. (2015) reported 12 h 
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postmortem a* values were influenced as carcass weight increased from 100 to 145 kg for 

longissimus thoracis (LT) and SM while carcass weight did not affect 12 h postmortem L* 

values for those muscles. There was a gender × muscle interaction (P = 0.03) for hue angle in the 

present study (Table 17). This contrasts to Nold et al. (1999) where a gender × muscle interaction 

was observed for L* values with several muscles from the shoulder and ham for gilts being 

darker than the same muscles from boars. The discrepancy may be due to gilts, barrows, and 

boars being used in Nold et al. (1999) as compared to only gilts and barrows being evaluated in 

the present study. Gender influenced (P ≤ 0.02) pH, L*, and a* values across muscles with a 

tendency for chroma to be influenced (P = 0.06) by gender. However, these gender differences 

are of questionable biological significance as the gender difference in ultimate pH would not 

likely impact meat quality nor would the gender differences in objective measurements of lean 

colour be detected by the human eye. 

Muscle differences were present (P ˂ 0.0001; Table 17) for all pH and colour traits in 

agreement with Warner et al. (1993) and Nold et al. (1999). Differences were expected since the 

muscle types have different anatomical location, chilling rate, function, fibre type distribution, 

and thickness. However, two of the largest single muscles in the pork carcass (LD and BF) have 

been reported to have similar fibre distribution and final appearance (Briskey and Wismer-

Pedersen, 1961). In agreement with Briskey and Wismer-Pedersen (1961), pH values were 

lowest (P < 0.05) for LD and BF in the present study when compared to pH values for all other 

muscles evaluated. Similarly, Bidner et al. (2004) reported that longissimus thoracis ultimate pH 

explained 86% of the variation in biceps femoris ultimate pH. A potential explanation for the low 

pH values for LD and BF is that they have greater glycogen concentrations (Bkiskey et al., 1960) 

and similar proportions of deoxymyoglobin (Lindahl et al., 2001) at slaughter. Muscle 
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differences in glycogen concentrations at slaughter could impact rate and extent of lactic acid 

formation and subsequent pH decline postmortem which can affect pork quality. There may also 

be muscle differences in rate of chilling due to the fibre type and thickness of muscle. Muscle pH 

was greatest (P < 0.05) in the present study for VL, exceeding (P < 0.05) pH values for all other 

muscles evaluated in the study (Table 17). Martin et al. (1975) studied the impact of 

semimembranosus muscle pH on the prediction of longissimus muscle quality and found 

semimembranosus pH measurements at 45-min, 2-hr, and 24-hr postmortem lacked the precision 

required for predicting longissimus muscle quality. Warner et al. (1993) compared quality 

characteristics for several pork muscles and found no differences in ultimate pH between 

longissimus lumborum and muscles in the ham (semimembranosus, biceps femoris, and 

semitendinosus). While pH values differed (P < 0.05) across all muscles in the ham, pH values 

for shoulder muscles (TB and SV) were similar (P > 0.05). This may be due to similar amounts 

of glycogen at slaughter and rates of chilling postmortem between the two muscles (TB and SV). 

The pH values for TB and SV are within the range (TB: 5.66 – 6.88; SV: 5.42 – 6.76) provided 

on the porcine myology website from the University of Nebraska-Lincoln 

https://porcine.unl.edu/muscle-profile. However, the mean pH values (TB: 6.00; SV: 6.12) 

reported on the website were lower than those reported in the present study. The reason may 

possibly be due to a smaller number of pigs (32 versus 350) evaluated compared to the present 

study. 

When muscle lightness was considered, LD had the greatest (P ˂ 0.05) L* value with the 

lowest (P ˂ 0.05) L* value found for AD (Table 17). This explains the influence of anatomical 

location on fibre type. The population density of fibre type differs from the outer, more shallow 

part of the muscle, which is whiter to the deeper location, which is redder (Mafi et al., 2020). 

https://porcine.unl.edu/muscle-profile
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Nold et al. (1999) found that ST had the greatest L* value for all muscles evaluated when pigs 

were slaughtered at 100 or 110 kg. While L* values were similar for SV and RF when pigs were 

slaughtered at 100 kg, the values were lower than L* values for SM. When pigs were slaughtered 

at 110 kg, L* values were similar for SM and SV but higher than L* values for RF (Nold et al., 

1999). Lindahl et al. (2001) reported lower L* and higher a* values for BF than LD when pure 

breed Hampshire, Swedish Landrace, and Swedish Yorkshire pigs were evaluated. While the 

present study found L* values to be greater (P < 0.05) for LD versus ST, L* values were similar 

for longissimus lumborum and ST in Warner et al. (1993). The discrepancy may be due to two-

toning observed for the ST in the present study. Realini et al. (2013) also noted how two toning 

on ST can affect L* value comparisons between muscles. The latter study found that L* values 

differed between longissimus thoracis (LT) and the dark portion of ST with no differences in L* 

values between LT and the light portion of ST. While the VL had the greatest (P < 0.05) a* 

value for all muscles evaluated, the lowest a* and b* (P ˂ 0.05) values were found for LD. This 

concurs with the findings of Nold et al. (1999) who reported low a* and b* values for LD 

compared to other muscles evaluated in their study. The observations by Nold et al. (1999) and 

the present study for a* explain the effect of locational patterns of fibre types on pH which 

subsequently affects meat colour. For instance, Mafi et al. (2020) stated that the psoas muscle 

was redder than the longissimus muscle because the former has greater oxidative changes 

(oxygen consumption) than the longissimus muscle. 

With the exception of VL, chroma values were greater (P ˂ 0.05) in shoulder muscles than 

the ham and loin muscles. Overall, chroma was lowest (P < 0.05) in LD and greatest (P < 0.05) 

in VL. Brewer et al. (2001) observed no differences between BF and SM for chroma and hue 

angle, in contrast to the results of the present study where chroma and hue angle values for BF 
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were greater (P ˂ 0.05) than SM. With the exception of BF and ST, hue angle was higher (P ˂ 

0.05) in the loin compared with the shoulder and other muscles from the ham. In agreement, 

Brewer et al. (2001) found greater hue angle for LT than TB and SM. 

4.4.4 Relationships for pH and Colour Measurements Between the 

Longissimus and Muscles from the Shoulder 

Spearman correlations were used to examine the presence of any linear relationships for 

pH and objective measurements for lean colour between the longissimus muscle (LD) and 

muscles from the shoulder (serratus ventralis (SV), and triceps brachii (TB)) (Table 19). Weak 

correlations (|r| ≤ 0.32; P < 0.03) were present between loin L* and SV L*, b*, and hue angle 

values, and between loin L* and triceps brachii (TB) L*, a* and hue angle values. All L*, a*, b* 

values for SV and TB were weakly to moderately correlated (|r| ≤ 0.42; P < 0.01) with loin a* 

value. Weak to moderate correlations (|r| ≤ 0.46; P < 0.01) were present between loin b*, 

chroma, and hue angle, and most objective measurements of colour for the SV and TB. To the 

best of our knowledge, there are no past scientific publications which have correlated the loin 

muscle to shoulder muscles. However, Brewer et al. (2001) studied the mean comparison 

between muscle from loin to muscles from shoulder and ham. The authors found the longissimus 

thoracis (LT) was lighter in colour than muscles from the shoulder and ham. Ultimate pH for the 

LD was weakly correlated (|r| ≤ 0.34; P ≤ 0.05) with ultimate pH values for shoulder muscles 

and many of the objective measurements of colour for the SV and TB (Table 19). Ultimate pH 

values for SV and TB were weakly correlated (|r| ≤ 0.14; P ≤ 0.04) with LD b* and chroma 

values while ultimate pH for SV was also weakly negatively correlated (r = -0.11; P = 0.03) with 

LD hue angle. 
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4.4.5 Relationships for pH and Colour Measurements Between the 

Longissimus and Muscles from the Ham 

Overall, most ultimate pH and objective measurements of colour for the LD were weakly 

to moderately correlated (|r| ≤ 0.47; P ≤ 0.03) with many of the corresponding measurements for 

the semimembranosus (SM) and adductor (AD) muscles (Table 20). There were moderate 

correlations (r ≥ 0.55; P ≤ 0.0001) between LD a* and SM a* and chroma values, and between 

LD chroma values and SM a* and chroma values. Arkfeld et al. (2016) also reported weak 

correlations between loin pH at 24 h and SM L*, and b* values while the authors (Arkfeld et al., 

2016) found loin pH values at 24 h to be moderately correlated to ultimate pH values for SM. 

Although Arkfeld et al. (2016) reported a weak correlation between loin pH and SM a*, there 

was no relationship between these traits in the present study. Huff-Lonergan et al. (2002) also 

reported weak correlations between ultimate pH for the LD at 24 h and ultimate pH and L* for 

the SM. 

Due to the large muscle differences in L*, a*, chroma, and hue angle values between the 

LD and AD (Table 17), one may not expect strong relationships for objective colour 

measurements between the LD and AD. However, there were weak to moderate correlations (r ≤ 

0.39; P ≤ 0.01) between many of the objective measurements in colour between the LD and AD. 

Despite the moderate relationship, Warriss et al. (2006) stated that L* measurements from the 

AD could be used to predict the relative prevalence of PSE and DFD in pork carcasses. 

However, the authors also acknowledged that this method may not be precise for selecting 

individual carcasses on the slaughter line for pork quality (PSE and DFD). 

There were some weak correlations (|r| ≤ 0.32; P ≤ 0.03) between some ultimate pH and 

objective measurements of colour for the LD and semitendinosus (ST) (Table 20). However, 
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moderate correlations (r ≥ 0.37; P ≤ 0.0001) were found between LD L* and ST hue angle, LD 

a* and ST a* and chroma values, LD b* and ST b*, LD chroma and ST a* and chroma values, 

LD hue angle and ST hue angle, and LD pH and ST pH. Both weak (|r| ≤ 0.35; P < 0.0001) 

correlations and moderate correlations (0.37 ≤ r ≤ 0.53; P ≤ 0.05) were present between some 

ultimate pH and objective measurements of colour for LD and biceps femoris (BF) muscles 

(Table 20). Moderate correlations (r ≥ 0.54; P < 0.0001) were present between LD a*, b*, and 

chroma values and specific objective measures of colour for the rectus femoris (RF) in addition 

to weak correlations (|r| ≤ 0.35; P ≤ 0.05) between some ultimate pH and objective 

measurements of colour for the LD and the RF. There were only weak correlations (|r| ≤ 0.30; P 

≤ 0.02) between ultimate pH and objective measurements of colour for the LD and specific 

objective measures of colour and pH for the vastus lateralis (VL) muscle. This may be due to the 

large muscle differences in L*, a*, b*, chroma, hue angle, and pH values between the LD and VL 

(Table 17). While Knecht et al. (2018) reported a weak association between ham and loin pH 

values, the past study focused on evaluating the primal cuts without comparing specific muscles 

as compared to the present study which examined individual muscles in the ham. 
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4.6 Tables and Figures 

Table 5. Summary Statistics for Carcass Traits and Carcass Cut-outz 

Variable N Mean Std Dev Minimum Maximum 

Hot carcass weighty (kg) 350 107.6 8.04 89.4 138.0 

Cold side (kg) 350 47.5 3.75 38.6 61.0 

Total actual lean yieldx - cut-out (%) 350 56.9 3.80 44.2 66.4 

3/4 LRw Fat thickness - ruler (mm) 350 17.0 4.69 9.0 34.0 

3/4 LR Muscle depth - ruler (mm) 350 70.6 5.41 49.0 84.0 

Destron PG-100v 
     

3/4 LR Fat thickness (mm) 350 17.1 4.21 9.0 34.0 

3/4 LR Muscle depth - (mm) 350 68.8 6.62 34.0 80.0 

Total predicted lean yield (%) 350 61.8 1.96 56.0 66.3 

AutoFom IIIu 
     

Fat thickness (mm) 350 16.6 3.75 10.6 36.5 

Muscle depth (mm) 350 68.5 6.54 33.0 82.4 

Total predicted lean yield (%) 350 58.4 4.86 32.3 67.9 

Shoulder bone-in (IMPS #403)t, kg 350 10.2 0.91 7.9 13.2 

Shoulder bone-out (IMPS #403C)t, kg 350 6.4 0.65 4.5 8.1 

Shoulder actual lean yield (%) 350 63.0 3.53 49.3 72.5 

Butt bone-in (IMPS #406)t, kg 350 4.6 0.47 3.5 6.4 

Butt bone-out (IMPS #406A)t, kg 350 3.0 0.34 1.9 4.0 
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Butt actual lean yield (%) 350 65.0 4.86 46.4 77.0 

Picnic bone-in (IMPS #405)t, kg 350 4.8 0.44 3.7 6.3 

Picnic bone-out (IMPS #405A)t, kg 350 3.3 0.34 2.4 4.1 

Picnic actual lean yield (%) 350 68.3 3.30 55.8 77.2 

Loin bone-in (IMPS #410)t, kg 350 13.8 1.28 10.1 18.8 

Loin bone-out (IMPS #413)t, kg 350 7.6 0.81 4.9 9.6 

Loin actual lean yield (%) 350 55.2 4.79 39.3 66.5 

Ham bone-in (IMPS #401)t, kg 350 13.0 1.09 10.3 16.7 

Ham bone-out (IMPS #402B)t, kg 350 8.5 0.89 6.1 10.9 

Ham actual lean yield (%) 350 64.9 3.27 53.0 71.3 

Belly bone-in (IMPS #408)t, kg 350 8.7 0.98 6.4 12.6 

Belly bone-out (IMPS #409B)t, kg 350 3.8 0.48 2.5 5.2 

Belly actual lean yield (%) 350 43.6 4.82 28.9 56.4 

z Hot carcass weight includes the head. 
y Cut-out includes dissection of the left side of carcass into 5 major primal cuts (butt, picnic, loin, ham, and belly) followed by further separation into lean, fat, 

and bone components. 
x Actual lean yield for the cut-out is calculated based on the formula: (%) =Total lean [(loin+picnic+butt+ham+belly+belly side ribs+neckbone)/Cold left side 

weight]*100; Actual lean yield for the individual primal cuts is calculated based on the formula: (%) = [Lean (shoulder/butt/picnic/loin/ham/belly)/Bone-in 

(shoulder/butt/picnic/loin/ham/belly(includes side ribs))]*100. 
w LR = location for measurements of back fat and loin depths between 3rd & 4th ribs, 7 cm off the midline on the left side of the split carcass. 
v Carcass measurements based on Destron PG-100 grading probe. 
u Carcass measurements based on AutoFom III ultrasound grading technology. 
t Bone-in and bone-out primal cuts were fabricated to meet the specification of the Institutional Meat Purchase Specifications (IMPS, 2014). 
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Table 6. Summary Statistics for Carcass Traits and Carcass Cut-outz as Affected by Gender (Barrows, Gilts) 

Variable N Mean SD Min Max N Mean SD Min Max 
 

Barrows Gilts 

Hot carcass weighty (kg) 173 108.4 8.45 89.9 138.0 177 106.8 7.56 89.4 126.8 

Cold side (kg) 173 47.8 3.97 38.6 61.0 177 47.2 3.5 38.9 55.8 

Total actual lean yieldx - cut-out (%) 173 55.4 3.49 44.2 62.7 177 58.5 3.49 45.7 66.4 

3/4 LRw Fat thickness - ruler (mm) 173 18.7 4.81 9.0 34.0 177 15.3 3.93 9.0 31.0 

3/4 LR Muscle depth - ruler (mm) 173 69.5 5.55 49.0 84.0 177 71.8 5.03 60.0 83.0 

Destron PG-100v           

3/4 LR Fat thickness (mm) 173 18.6 4.38 9.0 34.0 177 15.6 3.44 9.0 27.0 

3/4 LR Muscle depth - (mm) 173 68.2 6.72 34.0 79.5 177 69.4 6.49 41.5 80.0 

Total predicted lean yield (%) 173 61.1 1.95 56.0 66.3 177 62.5 1.71 57.8 66.2 

AutoFom IIIu           

Fat thickness (mm) 173 18.1 3.95 11.4 36.5 177 15.2 2.9 10.6 26.8 

Muscle depth (mm) 173 66.9 7.33 33.0 79.9 177 70.1 5.21 48.9 82.4 

Total predicted lean yield (%) 173 56.5 5.05 32.3 65.3 177 60.3 3.82 45.5 67.9 

Shoulder bone-in (IMPS #403)t, kg 173 10.3 0.93 8.1 13.2 177 10.1 0.87 7.9 12.0 

Shoulder bone-out (IMPS #403C)t, kg 173 6.3 0.66 4.5 8.1 177 6.5 0.63 4.9 8.0 

Shoulder actual lean yield (%) 173 61.4 3.26 49.3 69.2 177 64.5 3.12 52.4 72.5 

Butt bone-in (IMPS #406)t, kg 173 4.7 0.49 3.7 6.4 177 4.5 0.44 3.5 5.6 

Butt bone-out (IMPS #406A)t, kg 173 2.9 0.35 1.9 4.0 177 3.0 0.33 2.2 3.8 
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Butt actual lean yield (%) 173 63.0 4.62 46.4 74.4 177 66.9 4.26 52.0 77.0 

Picnic bone-in (IMPS #405)t, kg 173 4.8 0.46 3.8 6.3 177 4.7 0.42 3.7 5.5 

Picnic bone-out (IMPS #405A)t, kg 173 3.2 0.35 2.4 4.1 177 3.3 0.32 2.5 4.0 

Picnic actual lean yield (%) 173 66.8 3.05 55.8 73.4 177 69.7 2.93 57.7 77.2 

Loin bone-in (IMPS #410)t, kg 173 13.9 1.34 11.3 18.8 177 13.6 1.2 10.1 16.7 

Loin bone-out (IMPS #413)t, kg 173 7.4 0.81 4.9 9.6 177 7.8 0.76 5.5 9.6 

Loin actual lean yield (%) 173 53.1 4.21 39.3 63.6 177 57.2 4.48 43.5 66.5 

Ham bone-in (IMPS #401)t, kg 173 13.0 1.13 10.3 16.7 177 13.1 1.04 10.5 15.6 

Ham bone-out (IMPS #402B)t, kg 173 8.2 0.91 6.1 10.9 177 8.7 0.83 6.2 10.9 

Ham actual lean yield (%) 173 63.6 3.12 53.0 69.9 177 66.2 2.88 56.6 71.3 

Belly bone-in (IMPS #408)t, kg 173 8.8 1.08 6.5 12.6 177 8.6 0.86 6.4 10.9 

Belly bone-out (IMPS #409B)t, kg 173 3.7 0.48 2.5 4.9 177 3.8 0.47 2.7 5.2 

Belly actual lean yield (%) 173 42.3 4.46 29.5 52.7 177 44.8 4.87 28.9 56.4 

z Hot carcass weight includes the head. 
y Cut-out includes dissection of the left side of carcass into 5 major primal cuts (butt, picnic, loin, ham, and belly) followed by further separation into lean, fat, 

and bone components. 
x Actual lean yield for the cut-out is calculated based on the formula: (%) =Total lean [(loin+picnic+butt+ham+belly+belly side ribs+neckbones)/Cold left side 

weight]*100; Actual lean yield for the individual primal cuts is calculated based on the formula: (%) = [Lean (shoulder/butt/picnic/loin/ham/belly)/Bone-in 

(shoulder/butt/picnic/loin/ham/belly(includes side ribs))]*100. 
w LR = location for measurements of back fat and loin depths between 3rd & 4th ribs, 7 cm off the midline on the left side of the split carcass. 
v Carcass measurements based on Destron PG-100 grading probe. 
u Carcass measurements based on AutoFom III ultrasound grading technology. 
t Bone-in and bone-out primal cuts were fabricated to meet the specification of the Institutional Meat Purchase Specifications (IMPS, 2014). 
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Table 7. Gender and Method of Measurement Differences in Backfat Thickness, Muscle Depth, and Lean Yield (n = 350)z  

 

Gender Methody P-values 

Trait HCWx Barrow Gilt 
SEM

w 
P-value 

Cut-

out 

Destron 

PG-100  

AutoFom 

III 
SEMw Method 

Gender x 

Method 

Backfat thickness (mm) ˂.0001 18.39 15.44 0.32 ˂.0001 17.02a 17.08a 16.66a 0.34 0.2582 0.6682 

Muscle depth (mm) ˂.0001 67.97 70.62 0.33 ˂.0001 70.61a 68.79b 68.47b 0.38 ˂.0001 0.0834 

Lean yieldv (%) 0.0023 57.44 60.11 0.26 ˂.0001 56.19c 61.75a 58.38b 0.28 ˂.0001 ˂.0001 

z Least square means in the same row without the same superscripts are significantly different (P ˂ 0.05). Mean differences in method of measurements were 

separated by the Tukey's method. 
y Carcass measurements based on manual cut-out, Destron PG-100 grading probe, and AutoFom III ultrasound grading technology. 
x P-value for hot carcass weight as a covariate. 
w SEM = Standard error of the mean. 
v Actual lean yield for the cut-out is calculated based on the formula: (%) =Total lean [(loin+picnic+butt+ham+belly+belly side ribs+neckbones)/ 

 Cold left side weight]*100; Predicted lean yield for both Destron and AutoFom were calculated based on prediction equations. 
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Table 8. Gender by Method of Measurement Interaction for Lean Yield (n = 350)z 

  Methody  

  Cut-out Destron PG-100 AutoFom III  P-value 

Trait HCWx Barrow Gilt Barrow Gilt Barrow Gilt SEMw Gender x Method 

Lean yieldv (%) 0.0023 54.72e 57.66c 61.08b 62.43a 56.51d 60.25b 0.33 ˂.0001 

z Least square means in the same row without the same superscripts are significantly different (P ˂ 0.05). Mean differences for the Gender by Method of 

Measurement Interaction were separated by the Tukey's method. 
y Carcass measurements based on manual cut-out, Destron PG-100 grading probe, and AutoFom III ultrasound grading technology. 
x P-value for hot carcass weight as a covariate. 
w SEM = Standard error of the mean. 
v Actual lean yield for the cut-out is calculated based on the formula: (%) =Total lean [(loin+picnic+butt+ham+belly+belly side ribs+neckbones)/Cold left side 

weight]*100; Predicted lean yield for both Destron and AutoFom were calculated based on prediction equations. 
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Table 9. Comparing Actual and Refined Destron Multiple Regression Equationsz 

Actual Destron Lean Yield Modely 

68.1863-(0.7833fd)+(0.0689md)+(0.0080fd2)-(0.0002md2)+(0.0006fdmd) 

      

Refined Destron Lean Yield Modelx 

67.2571-(1.4651fd)+(0.0738md)+(0.0131fd2)-(0.0001md2)+(0.0047fdmd) 

Zfd = backfat thickness; md = loin muscle depth; fd2 = backfat thickness squared; md2 = loin muscle depth  

squared; fdmd = product of backfat and loin muscle depths. 
yDestron model proposed by the Canadian Pork Council (CPC, 1994). 
xDestron model proposed in the current study. 
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Table 10. Gender and Method of Measurement Differences in Lean Yield When Refined Destron Equation Evaluated (n = 350)z 

  Gender Methody P-values 

Trait HCWx Barrow Gilt SEMw P-

value 

Cut-

outv 

Destron 

Au 

Destron 

Bt 

AutoFom 

III 

SEMw Method Gender × 

Method 

Lean 

yield, % 

0.0002 57.09 59.67 0.22 ˂.0001 56.92c 61.77a 56.39c 58.43b 0.25 ˂.0001 ˂.0001 

z Least square means in the same row without the same superscripts are significantly different (P ˂ 0.05). Mean differences in lean yield were separated by the 

Tukey's method. 
y Lean yield measurements based on manual cut-out, existing Destron PG-100 equation, refined Destron PG-100 equation for this study, and AutoFom III 

ultrasound technology. 
x P-value for hot carcass weight as a covariate. 
w SEM = Standard error of the mean. 
v Lean yield for the cut-out is calculated based on the formula: (%) =Total lean [(loin+picnic+butt+ham+belly+belly side ribs+neckbones)/Cold left side 

weight]*100. 
u Predicted Destron PG-100 lean yield based on the equation: Lean yield = 68.1863-(0.7833fd)+(0.0689md)+(0.0080fd2)-(0.0002md2)+(0.0006fdmd). 
t Predicted Destron PG-100 lean yield based on the refined equation proposed in this study: Lean yield = 67.2571-(1.4651fd)+(0.0738md)+(0.0131fd2)-

(0.0001md2)+(0.0047fdmd). 
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Table 11. Regression Analysis Examining Three Methods for Measuring Lean Yield, Backfat Thickness, 

Muscle Depth: Manual Cut-out, Probe, and Ultrasound (n=350)zyx 

Trait R2 RMSE 

Lean Yield   

Cut-out vs Destron PG-100 0.66 2.22 

Cut-out vs AutoFom III 0.77 1.83 

Destron PG-100 vs AutoFom III 0.76 0.96 

Backfat thickness   

Cut-out vs Destron PG-100 0.88 1.63 

Cut-out vs AutoFom III 0.86 1.74 

Destron PG-100 vs AutoFom III 0.82 1.80 

Muscle depth   

Cut-out vs Destron PG-100 0.25 4.69 

Cut-out vs AutoFom III 0.32 4.46 

Destron PG-100 vs AutoFom III 0.12 6.23 

z Cut-out includes dissection of the left side of carcass to 5 major primal cuts (butt, picnic, loin, ham, and belly) followed by further 

separation into lean, fat, and bone components. 
y Carcass measurements based on Destron PG-100 grading probe. 
x Carcass measurements based on AutoFom III ultrasound grading technology. 

 



 

 
 

133 

Table 12. Spearman Correlation Coefficients (r) for Cut-Out Traits with Destron Probe and AutoFom III Traits 

 
Ruler1 Destron PG-1001 AutoFom III2 

Variable 
Fat 

thickness 

Muscle 

depth 

Lean 

yield3 

Fat 

thickness 

Muscle 

depth 

Lean 

yield4 

Fat 

thickness 

Muscle 

depth 

Lean 

yield 

Ruler fat thickness 1 -0.230* -0.851* 0.936* -0.101 -0.920* 0.932* -0.491* -0.909* 

Ruler muscle depth 
 

1 0.382* -0.183* 0.605* 0.262* -0.248* 0.633* 0.368* 

Actual cut-out lean yield3 
  

1 -0.804* 0.225* 0.811* -0.884* 0.609* 0.903* 

Probe fat thickness 
   

1 -0.122* -0.984* 0.904* -0.476* -0.879* 

Probe muscle depth 
    

1 0.273* -0.117* 0.468* 0.212* 

Probe predicted lean yield 
     

1 -0.891* 0.528* 0.882* 

AutoFom III fat thickness 
      

1 -0.529* -0.971* 

AutoFom III muscle depth 
       

1 0.673* 

AutoFom III predicted 

lean yield 
        

1 

* Represents spearman rank correlation coefficients (r) that are significant (P ˂ 0.05). 
1 Measurements were taken between the 3rd and 4th last ribs, 7 cm off the mid-line on the left side of the split carcass. 
2 Measurements were taken based on ultrasonic readings after carcasses were pulled over the transducer arrays. 
3 Calculated based on the formula: (%) =Total lean [(Loin+Picnic+Butt+Ham+Belly+Bellysideribs+Neckbone)/Cold left side weight]*100. 
4 Calculated based on the formula: (%) =68.1863-(0.7833 × fat thickness)+(0.0689 × muscle depth)+(0.0080 × fat thickness2)-(0.0002 × muscle 

depth2)+(0.0006 × fat thickness × muscle depth). 
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Table 13. Model Statistics for Calibration and Validation Data Sets1,2 

Variable 
Calibration Validation 

N R2cv RMSECV N R2pred RMSEP Pred bias 

Actual lean yield3 cut-out (%) 192 0.77 1.70 140 0.794 1.90 0.5 

Backfat thickness (mm) 193 0.853 1.60 142 0.891 1.70 -0.5 

Loin depth (mm) 193 0.567 3.80 139 0.401 4.10 -0.8 

Whole shoulder (kg) 192 0.843 0.382 142 0.715 0.457 -0.079 

Shoulder lean yield (%) 195 0.668 1.90 142 0.688 2.20 0.4 

Picnic bone-in (kg) 195 0.729 0.238 142 0.605 0.259 0 

Picnic lean yield (%) 189 0.612 1.80 140 0.598 2.40 0.7 

Butt bone-in (kg) 193 0.782 0.234 142 0.602 0.285 -0.069 

Butt lean yield (%) 195 0.651 2.70 142 0.711 2.80 0.1 

Loin bone-in (kg) 194 0.836 0.531 142 0.798 0.575 -0.123 

Loin lean yield (%) 192 0.822 1.80 140 0.845 2.10 0.5 

Belly bone-in (kg) 194 0.711 0.516 142 0.769 0.463 0 

Belly lean yield (%) 193 0.629 3.10 140 0.688 3.30 1.00 

Ham bone-in (kg) 193 0.785 0.512 142 0.638 0.631 0.119 

Ham lean yield (%) 193 0.589 1.80 142 0.606 2.10 0.60 

1 Calibration results include: cross-validated prediction accuracy (R2cv), and root mean square error of cross-validation (RMSECV). 
2 Results of the validation test include: predicted bias (reference values - predicted AutoFom III values), prediction accuracy (R2pred), and prediction error 

(RMSEP). 
3 Lean yield calculated based on the formula: (%) =Total lean [(Loin+Picnic+Butt+Ham+Belly+Bellysideribs+Neckbone)/Cold left side weight]*100.  
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Table 14. Summary Statistics for Dissected Loins Based on HCW Quartilesz and Gender 

Trait 

≤ 102.1 kg 102.2 - 107.5 kg 107.6 - 112.2 kg 112.3 - 138 kg 

Mean 
Std 

Dev 
Min Max Mean 

Std 

Dev 
Min Max Mean 

Std 

Dev 
Min  Max Mean 

Std 

Dev 
Min Max 

Barrows 

Number of carcasses n= 38 n= 43 n= 47 n= 45 

Backfat thickness, mm 17.0 4.4 10.0 28.0 18.2 5.5 9.0 33.0 19.3 4.6 13.0 32.0 20.0 4.3 13.0 34.0 

Loin eye area, cm2 52.1 5.0 37.5 67.3 54.5 5.8 42.7 67.6 54.8 5.5 44.2 70.1 58.4 5.0 47.5 70.4 

Whole loin, kg 12.4 0.7 11.3 13.7 13.5 0.6 12.2 14.8 14.1 0.7 12.8 15.8 15.4 1.1 13.3 18.8 

Loin as a % of HCW, 

% 
12.6 0.6 11.6 13.9 12.9 0.5 11.7 14.3 12.9 0.6 11.9 14.3 12.9 0.6 11.8 14.0 

Total lean, kg 6.7 0.5 5.7 7.6 7.3 0.7 4.9 8.6 7.4 0.6 6.0 8.4 8.1 0.8 6.6 9.6 

Percentage lean in loin, 

% 
54.1 3.8 43.9 61.0 53.8 5.1 39.3 63.6 52.3 3.8 42.2 58.9 52.5 3.8 45.5 62.3 

External fat, kg 2.0 0.5 1.0 3.5 2.2 0.7 1.0 3.8 2.5 0.5 1.6 4.1 2.7 0.6 1.6 3.9 

NPPC marbling score 2.08 0.94 1.00 5.00 2.16 0.75 1.00 4.00 2.47 1.06 1.00 5.00 2.16 0.77 1.00 4.00 

CPQS marbling score 3.53 1.27 1.00 6.00 3.79 0.97 2.00 6.00 4.15 1.35 1.00 6.00 3.62 1.15 1.00 6.00 

IMF, % 2.2 1.2 1.1 7.7 2.3 0.9 1.0 6.0 2.6 1.1 1.2 6.4 2.5 1.1 1.2 6.5 

Gilts 

Number of carcasses n= 50 n= 47 n= 38 n= 42 

Backfat thickness, mm 13.7 3.6 9.0 22.0 16.3 4.0 10.0 25.0 14.8 3.0 9.0 23.0 16.8 4.2 10.0 31.0 

Loin eye area, cm2 55.7 5.0 45.1 68.9 56.8 5.0 46.3 68.6 61.2 5.2 50.4 71.6 60.2 5.5 47.0 71.0 

Whole loin, kg 12.3 0.8 10.1 14.0 13.5 0.6 12.2 15.0 14.0 0.7 12.1 15.8 15.0 0.7 13.8 16.7 

Loin as a % of HCW, 

% 
12.6 0.7 11.0 14.2 12.9 0.6 11.7 14.2 12.7 0.6 11.1 14.2 12.8 0.4 12.0 13.4 

Total lean, kg 7.2 0.6 5.5 8.4 7.6 0.6 6.3 8.9 8.1 0.5 6.8 9.2 8.4 0.7 6.7 9.6 

Percentage lean in loin, 

% 
58.6 3.9 48.1 65.0 56.0 5.0 45.5 64.2 58.2 3.8 49.1 66.5 56.0 4.5 43.5 63.4 

External fat, kg 1.5 0.4 0.7 2.7 2.0 0.6 1.0 3.5 1.9 0.5 0.7 3.0 2.2 0.5 1.4 3.5 

NPPC marbling score 1.86 0.64 1.00 3.00 1.94 0.73 1.00 3.00 1.82 0.80 1.00 4.00 2.10 0.85 1.00 4.00 

CPQS marbling score 3.20 1.28 1.00 6.00 3.28 1.36 0.00 6.00 3.03 1.40 1.00 5.00 3.40 1.34 1.00 6.00 

IMF, % 1.8 0.6 0.8 3.8 2.1 0.9 0.8 4.9 1.8 0.8 0.9 4.4 2.1 0.8 0.9 4.4 
z Hot carcass weights were divided into four quartiles (≤ 102.1 kg, 102.2 - 107.5 kg, 107.6 - 112.2 kg, and 112.3 - 138 kg), which are ordered from the lightest 

weight to the heaviest weight quartiles. 
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Table 15. Influence of Gender and HCW Quartile on Loin Carcass Composition, Marbling Score, and IMF Content (Mean ±SEM)z 

Variable 

                          Gender  Quartilesy P-value 

Backfatx Barrows Gilts 
P-

value 
1 2 3 4 Quartile G*Qw 

Backfat thickness, 

mm 
 18.67 ±0.49 15.47 ±0.49 <.0001 15.60b ±0.62 17.05ab ±0.58 17.01ab ±0.59 18.62a ±0.61 0.0005 0.5742 

Loin eye area, cm2 <.0001 55.73 ±0.49 57.65 ±0.49 0.0006 53.08c ±0.65 55.74b ±0.61 58.08a ±0.62 59.85a ±0.65 <.0001 0.0559 

Whole loin, kg <.0001 13.79 ±0.07 13.76 ±0.07 0.8030 12.46d ±0.09 13.51c ±0.09 14.05b ±0.09 15.08a ±0.09 <.0001 0.2328 

Loin as a % of 

HCW, % 
<.0001 12.77 ±0.04 12.82 ±0.04 0.4503 12.68 ±0.06 12.86 ±0.06 12.80 ±0.06 12.84 ±0.06 0.1371 0.9769 

Total lean, kg <.0001 7.51 ±0.05 7.66 ±0.05 0.0062 6.84d ±0.07 7.44c ±0.06 7.74b ±0.06 8.33a ±0.07 <.0001 0.1306 

Percentage lean in 

loin, % 
<.0001 54.61 ±0.24 55.80 ±0.24 <.0001 55.06 ±0.31 55.08 ±0.29 55.21 ±0.30 55.47 ±0.31 0.7154 0.0780 

External fat, kg <.0001 2.18 ±0.03 2.05 ±0.03 <.0001 1.91c ±0.04 2.08b ±0.03 2.18b ±0.03 2.30a ±0.04 <.0001 0.2639 

NPPC marbling 

score 
0.0025 2.17 ±0.10 2.00 ±0.10 0.0449 1.98 ±0.12 2.03 ±0.12 2.17 ±0.12 2.16 ±0.12 0.4347 0.0851 

CPQS marbling 

score 
<.0001 3.68 ±0.13 3.35 ±0.13 0.0189 3.42 ±0.17 3.49 ±0.16 3.62 ±0.16 3.53 ±0.17 0.8064 0.1029 

IMF content, % <.0001 2.28 ±0.12 2.09 ±0.12 0.0313 2.23 ±0.14 2.20 ±0.13 2.20 ±0.13 2.11 ±0.14 0.8314 0.5110 

z Least square means in the same row without the same superscripts are significantly different (P ˂ 0.05). Mean differences for the gender and HCW quartiles 

were separated by the Tukey's method. Mean ±SEM = mean ± standard error of the mean. 
y Hot carcass weights were divided into four quartiles: 1 = ≤ 102.1 kg, 2 = 102.2 - 107.5 kg, 3 = 107.6 - 112.2 kg, and 4 = 112.3 - 138 kg. 
x P-value for backfat as a covariate. 
w G*Q = Gender by HCW quartiles interaction. 
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Table 16. Gender by HCW Quartiles Interaction for Differences in Loin Carcass Composition, Marbling Score, and IMF Content (Mean 

±SEM)z 

    Quartilesy 

P-

value 

for 
G*Qw 

  ≤ 102.1 kg 102.2 - 107.5 kg 107.6 - 112.2 kg 112.3 - 138 kg 

Variable Backfatx Barrow Gilt Barrow Gilt Barrow Gilt Barrow Gilt 

Backfat thickness, 

mm  17.31abcd ±0.79 13.88e ±0.72 18.19abc ±0.74 15.92cde ±0.70 19.00ab±0.71 15.02de ±0.77 20.19a ±0.74 17.05bcd ±0.76 0.5742 

Loin eye area, 

cm2 <.0001 52.06c ±0.87 54.10bc ±0.80 55.01bc ±0.81 56.46b ±0.77 56.03b ±0.79 60.14a ±0.86 59.82a ±0.83 59.89a ±0.83 0.0559 

Whole loin, kg <.0001 12.45e ±0.13 12.47e ±0.12 13.45d ±0.12 13.57cd ±0.11 14.02bc ±0.12 14.09b ±0.13 15.22a ±0.12 14.93a ±0.12 0.2328 

Loin as a % of 

HCW, % <.0001 12.64 ±0.09 12.71 ±0.08 12.82 ±0.08 12.90 ±0.08 12.79 ±0.08 12.82 ±0.09 12.83 ±0.08 12.85 ±0.08 0.9769 

Total lean, kg <.0001 6.76d ±0.09 6.92d ±0.08 7.38c ±0.08 7.49c ±0.08 7.58c ±0.08 7.91b ±0.09 8.33a ±0.08 8.32a ±0.08 0.1306 

Percentage lean in 

loin, % <.0001 54.28bc ±0.41 55.84a ±0.38 54.83abc ±0.38 55.33abc ±0.36 54.19c ±0.37 56.22a ±0.40 55.12abc ±0.39 55.81ab ±0.39 0.0780 

External fat, kg <.0001 1.96de ±0.05 1.86e ±0.04 2.10bcd ±0.05 2.05cd ±0.04 2.26ab ±0.04 2.10bcd ±0.05 2.40a ±0.05 2.20bc ±0.05 0.2639 

NPPC marbling 

score 0.0025 2.02 ±0.15 1.94 ±0.14 2.12 ±0.14 1.93b ±0.14 2.42a ±0.14 1.92 ±0.15 2.12 ±0.15 2.19 ±0.15 0.0851 

CPQS marbling 

score <.0001 3.47ab ±0.22 3.38ab ±0.21 3.68ab ±0.21 3.30ab ±0.20 4.04a ±0.20 3.20b ±0.22 3.53ab ±0.21 3.53ab ±0.21 0.1029 

IMF content, % <.0001 2.29 ±0.17 2.17 ±0.16 2.25 ±0.16 2.16 ±0.15 2.49 ±0.15 2.00 ±0.16 2.17 ±0.16 2.05 ±0.16 0.5110 
z Least square means in the same without the same superscripts are significantly different (P ˂ 0.05). Mean differences for the gender by HCW quartiles were separated by the Tukey's 

method. 
y Hot carcass weights were divided into four quartiles (≤ 102.1 kg, 102.2 - 107.5 kg, 107.6 - 112.2 kg, and 112.3 - 138 kg), which are ordered from the lightest weight to the heaviest 

weight quartiles. 
x P-value for backfat as a covariate. 
w G*Q = Gender and HCW quartiles interaction. 
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4 Interaction between muscle and gender. 

 

 

 

Table 17. Influence of Muscle on pH and (L*, a*, b*, chroma, hue angle) Differences Among Various Muscles from the Loin, Shoulder, 

and Ham 

 Muscle1           

 Loin Shoulder Ham  P-values 

Variable LD TB SV BF ST SM AD RF VL SEM3 Muscle HCW2 Gender Interaction4 

pH 5.59g 5.79d 5.82cd 5.62g 5.72e 5.66f 5.92b 5.85c 6.00a 0.02 ˂.0001 0.55 ˂.0001 0.27 

L* 47.75a 40.78f 42.42d 44.03c 46.81b 42.35d 39.08g 42.58d 41.71e 0.21 ˂.0001 0.05 ˂.0001 0.29 

a* 6.97g 16.80b 16.88b 12.78e 13.61d 11.22f 15.39c 10.97f 19.54a 0.18 ˂.0001 0.02 0.02 0.20 

b* 3.17g 5.66d 7.11b 6.32c 6.47c 4.09e 4.20e 3.60f 7.52a 0.14 ˂.0001 0.02 0.89 0.23 

Chroma 7.68i 17.75c 18.37b 14.29f 15.13e 12.00g 15.98d 11.59h 20.97a 0.21 ˂.0001 0.01 0.06 0.21 

Hue 

angle 
24.14b 18.44f 22.49c 26.23a 26.25a 19.77e 14.98g 17.85f 20.82d 0.38 ˂.0001 0.12 0.51 0.03 

abcdefghi Least square means in the same row without the same superscripts are significantly different (P ˂ 0.05). Means were separated by the Tukey's method. 
1 Muscles include longissimus dorsi (LD), triceps brachii (TB), serratus ventralis (SV), biceps femoris (BF), semitendinosus (ST), semimembranosus (SM), adductor 

(AD), rectus femoris (RF) and vastus lateralis (VL). 
2 HCW = hot carcass weight (head-on). P-value for HCW as a covariate. 
3 SEM = Standard error of the mean. 
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Table 18. Influence of Gender on pH and (L*, a*, b*, chroma, hue angle) Differences Among Various Muscles from the Loin, 

Shoulder, and Ham 

Variable HCWz Barrows Gilts SEMy P-value 

pH 0.5484 5.79 5.76 0.02 <.0001 

L* 0.0499 43.23 42.88 0.19 <.0001 

a* 0.0187 13.73 13.86 0.17 0.0181 

b* 0.0248 5.35 5.35 0.13 0.8897 

Chroma 0.0127 14.81 14.92 0.20 0.063 

Hue angle 0.1187 21.26 21.17 0.33 0.5116 
ab Least square means in the same row without the same superscripts are significantly different (P ˂ 0.05). Means were separated by the Tukey's method. 
z HCW = hot carcass weight (head-on). P-value for HCW as a covariate. 
y SEM = Standard error of the mean. 
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Table 19. Spearman Correlation Coefficients (r) for Instrumental Colour and Ultimate pH Measurements for Longissimus Muscle with 

Instrumental Colour and Ultimate pH Measurements for Selected Muscles from the Shoulder1,2,3 

Variable 

Serratus ventralis Triceps brachii 

L* a* b* Chroma 
Hue 

angle 
pH L* a* b* Chroma 

Hue 

angl

e 

pH 

Loin             

L* 0.32 0.05 0.22 0.10 0.28 -0.07 0.28 -0.12 0.09 -0.08 0.21 -0.04 

 (<0.0001) (0.36) (<0.0001) (0.06) (<0.0001) (0.20) (<0.0001) (0.03) (0.08) (0.13) 
(<0.0

001) 
(0.42) 

a* -0.16 0.42 0.25 0.39 0.10 -0.09 -0.23 0.36 0.18 0.34 0.01 -0.12 

 (˂0.01) (<0.0001) (<0.0001) (<0.0001) (0.06) (0.10) (<0.0001) (<0.0001) (˂0.01) (<0.0001) (0.87) (0.02) 

b* 0.03 0.45 0.43 0.46 0.34 -0.13 -0.03 0.26 0.29 0.28 0.22 -0.12 

 (0.56) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.01) (0.59) (<0.0001) (<0.0001) (<0.0001) 
(<0.0

001) 
(0.02) 

Chroma -0.12 0.46 0.32 0.44 0.18 -0.11 -0.19 0.35 0.23 0.34 0.07 -0.14 

 (0.03) (<0.0001) (<0.0001) (<0.0001) (˂0.01) (0.04) (˂0.01) (<0.0001) (<0.0001) (<0.0001) (0.20) (0.01) 

Hue 

angle 
0.19 0.26 0.39 0.31 0.41 -0.11 0.14 0.09 0.27 0.13 0.30 -0.06 

 (˂0.01) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.03) (0.01) (0.10) (<0.0001) (0.01) 
(<0.0

001) 
(0.27) 

pH 0.00 -0.09 -0.11 -0.10 -0.10 0.27 -0.06 -0.07 -0.13 -0.08 -0.16 0.34 

 (0.95) (0.09) (0.04) (0.05) (0.07) 
(<0.0

001) 
(0.26) (0.19) (0.02) (0.13) 

(˂0.0

1) 
(<0.0001) 

1 Instrumental colour and ultimate pH were measured on the loin (longissimus dorsi), butt (serratus ventralis), and picnic (triceps brachii). 
2 Upper rows are the correlation coefficient between traits. P-value for difference from zero provided in parentheses. 

3 L* measurements darkness to lightness (greater L* value indicate a lighter colour); a* measurements redness (greater a* value indicates a redder colour); b* 

measurements yellowness (greater b* value indicates a more yellow colour). 
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Table 20. Spearman Correlation Coefficients (r) for Instrumental Colour and Ultimate pH Measurements for Longissimus Muscle with 

Colour and Ultimate pH Measurements for Muscles from the Ham1,2 

Variable L* a* b* Chroma 
Hue 

angle 
pH L* a* b* Chroma 

Hue 

angle 
pH 

Loin Semimembranosus Adductor 

L* 0.42 -0.06 0.22 0.00 0.33 -0.08 0.31 -0.04 0.07 -0.02 0.11 -0.13 

 (<.0001) (0.24) (<.0001) (0.93) (<.0001) (0.11) (<.0001) (0.47) (0.20) (0.67) (0.03) (0.01) 

a* -0.11 0.57 0.32 0.55 0.12 -0.11 -0.22 0.36 0.29 0.36 0.17 -0.20 

 (0.03) (<.0001) (<.0001) (<.0001) (0.03) (0.04) (<.0001) (<.0001) (<.0001) (<.0001) (˂0.01) (˂0.01) 

b* 0.12 0.44 0.44 0.47 0.35 -0.16 -0.02 0.34 0.39 0.36 0.33 -0.24 

 (0.02) (<.0001) (<.0001) (<.0001) (<.0001) (˂0.01) (0.65) (<.0001) (<.0001) (<.0001) (<.0001) (<.0001) 

Chroma -0.06 0.58 0.38 0.57 0.19 -0.14 -0.18 0.38 0.34 0.39 0.23 -0.23 

 (0.29) (<.0001) (<.0001) (<.0001) (˂0.01) (0.01) (˂0.01) (<.0001) (<.0001) (<.0001) (<.0001) (<.0001) 

Hue angle 0.27 0.14 0.35 0.20 0.39 -0.12 0.15 0.16 0.31 0.19 0.33 -0.16 

 (<.0001) (0.01) (<.0001) (˂0.01) (<.0001) (0.03) (0.01) (˂0.01) (<.0001) (˂0.01) (<.0001) (˂0.01) 

pH -0.20 -0.08 -0.21 -0.12 -0.23 0.42 0.00 -0.06 -0.13 -0.07 -0.13 0.30 

 (˂0.01) (0.16) (<.0001) (0.03) (<.0001) (<.0001) (0.97) (0.25) (0.01) (0.18) (0.01) (<.0001) 

 Semitendinosus Biceps femoris 

L* 0.43 -0.16 0.12 -0.09 0.37 -0.07 0.46 -0.14 0.16 -0.06 0.37 -0.09 

 (<.0001) (˂0.01) (0.02) (0.10) (<.0001) (0.21) (<.0001) (0.01) (˂0.01) (0.27) (<.0001) (0.08) 

a* -0.21 0.41 0.25 0.39 -0.10 -0.07 -0.11 0.51 0.40 0.51 0.11 -0.11 

 (<.0001) (<.0001) (<.0001) (<.0001) (0.07) (0.20) (0.05) (<.0001) (<.0001) (<.0001) (0.05) (0.03) 

b* 0.05 0.27 0.37 0.32 0.21 -0.13 0.17 0.35 0.52 0.42 0.43 -0.16 
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 (0.34) (<.0001) (<.0001) (<.0001) (<.0001) (0.02) (˂0.01) (<.0001) (<.0001) (<.0001) (<.0001) (˂0.01) 

Chroma -0.15 0.40 0.30 0.40 -0.02 -0.09 -0.03 0.50 0.46 0.53 0.21 -0.14 

 (˂0.01) (<.0001) (<.0001) (<.0001) (0.77) (0.10) (0.52) (<.0001) (<.0001) (<.0001) (<.0001) (0.01) 

Hue angle 0.25 0.04 0.31 0.12 0.39 -0.10 0.32 0.06 0.37 0.16 0.50 -0.12 

 (<.0001) (0.50) (<.0001) (0.03) (<.0001) (0.06) (<.0001) (0.24) (<.0001) (˂0.01) (<.0001) (0.03) 

pH 0.05 -0.07 -0.10 -0.07 -0.02 0.38 -0.07 -0.10 -0.22 -0.14 -0.21 0.46 

 (0.37) (0.22) (0.07) (0.19) (0.67) (<.0001) (0.17) (0.06) (<.0001) (0.01) (<.0001) (<.0001) 

 Rectus femoris Vastus lateralis 

L* 0.39 -0.08 0.15 -0.04 0.25 -0.10 0.26 -0.05 0.08 -0.01 0.15 -0.03 

 (<.0001) (0.16) (˂0.01) (0.51) (<.0001) (0.07) (<.0001) (0.39) (0.16) (0.80) (˂0.01) (0.62) 

a* -0.12 0.54 0.39 0.54 0.20 -0.17 -0.17 0.23 0.18 0.23 0.10 -0.16 

 (0.03) (<.0001) (<.0001) (<.0001) (˂0.01) (˂0.01) (˂0.01) (<.0001) (˂0.01) (<.0001) (0.07) (˂0.01) 

b* 0.09 0.42 0.46 0.45 0.36 -0.18 -0.01 0.25 0.30 0.27 0.28 -0.16 

 (0.08) (<.0001) (<.0001) (<.0001) (<.0001) (˂0.01) (0.85) (<.0001) (<.0001) (<.0001) (<.0001) (˂0.01) 

Chroma -0.07 0.55 0.44 0.56 0.26 -0.19 -0.14 0.25 0.23 0.26 0.15 -0.18 

 (0.20) (<.0001) (<.0001) (<.0001) (<.0001) (˂0.01) (0.01) (<.0001) (<.0001) (<.0001) (˂0.01) (˂0.01) 

Hue angle 0.22 0.15 0.32 0.19 0.35 -0.11 0.12 0.13 0.25 0.17 0.30 -0.07 

 (<.0001) (˂0.01) (<.0001) (˂0.01) (<.0001) (0.05) (0.02) (0.01) (<.0001) (˂0.01) (<.0001) (0.16) 

pH -0.06 -0.07 -0.12 -0.09 -0.11 0.23 0.05 -0.04 -0.06 -0.04 -0.05 0.15 

 (0.27) (0.20) (0.03) (0.11) (0.04) (<.0001) (0.37) (0.50) (0.30) (0.46) (0.39) (˂0.01) 

1 Instrumental colour and ultimate pH were measured on the loin (longissimus dorsi), and sub-primal cuts of the ham: ham inside (semimembranosus and adductor), 

ham outside (semitendinosus and biceps femoris), and knuckle (rectus femoris and vastus lateralis). 
2 Upper rows are the correlation coefficient between traits. P-value for difference from zero provided in parentheses. 
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Figure 8. Prediction of AutoFom III butt bone-in weight using  Figure 9. Prediction of AutoFom III picnic bone-in weight using  

manual cut-out as the independent variable (n = 142 carcasses).  manual cut-out as the independent variable (n = 142 carcasses). 

 

 

  

Figure 10. Prediction of AutoFom III whole shoulder weight using Figure 11. Prediction of AutoFom III loin bone-in weight using 

manual cut-out as the independent variable (n = 142 carcasses).   manual cut-out as the independent variable (n = 142 carcasses). 
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Figure 12. Prediction of AutoFom III belly bone-in weight using  Figure 13. Prediction of AutoFom III ham bone-in weight using 

manual cut-out as the independent variable (n = 142 carcasses).  manual cut-out as the independent variable (n = 142 carcasses). 

 

 

 
Figure 14. Prediction of AutoFom III total lean meat percentage using 

manual cut-out as the independent variable (n = 142 carcasses). 
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Figure 15. Prediction of AutoFom III butt lean meat percentage using  Figure 16. Prediction of AutoFom III picnic lean meat percentage using 

manual cut-out as the independent variable (n = 142 carcasses).  manual cut-out as the independent variable (n = 142 carcasses). 

 

 

   
Figure 17. Prediction of AutoFom III whole shoulder lean meat  Figure 18. Prediction of AutoFom III loin lean meat percentage 

percentage using manual cut-out as the independent variable  using manual cut-out as the independent variable (n = 142 carcasses). 

(n = 142 carcasses). 
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Figure 19. Prediction of AutoFom III belly lean meat percentage using  Figure 20. Prediction of AutoFom III ham lean meat percentage using 

manual cut-out as the independent variable (n = 142 carcasses).  manual cut-out as the independent variable (n = 142 carcasses). 
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CHAPTER 5 

CONCLUSIONS 

5.1 Conclusions 

To improve the current online evaluation of pig carcasses in commercial processing 

facilities, an advanced ultrasonic image analyzer (AutoFom III) was evaluated to determine 

carcass lean yield. This technology improves upon existing technology as it provides thousands 

of points of measurement for each carcass. Furthermore, the issue of variation in pork quality 

attributed to carcass weight and leanness was also investigated. Specifically, HCW quartiles 

were used to assess loin composition and intramuscular fat (IMF) content to ascertain the effects 

of HCW on loin composition and IMF content, carcass traits that can impact profitability for 

packing plants and consumer satisfaction. Additionally, the traditional practice of using loin as 

the reference point to assess pork quality was investigated by establishing the relationships 

between the loin and muscles in the ham and shoulder. 

In the present study, the prediction of lean yield using the AutoFom III was compared to 

manual cut-out data and the Destron PG-100 probe. In addition, the effects of hot carcass weight 

(HCW) and gender on backfat thickness, muscle depth, and lean yield among the three methods 

of carcass measurements were evaluated. Lean yield equation was refined for the Destron PG-

100, comparing these values to lean yield determined from a manual cut-out data, the existing 

Destron PG-100 prediction equation, and AutoFom III. Furthermore, the accuracy of the 

AutoFom III to predict lean yield, bone-in or boneless primal weights were investigated. This 

study hypothesized that measurements of carcass leanness using the AutoFom III will improve 

accuracy for determining lean yield compared with the current use of the Destron PG-100. While 

there were no measurement differences between the AutoFom III and the Destron PG-100 for 

backfat and muscle depths, the AutoFom III predicted a lower lean yield value than the Destron 
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PG-100. There was a gender × method interaction for determining lean yield among the baseline 

method (cut-out), Destron PG-100, and AutoFom III. While this may be concerning when these 

technologies are being used to renumerate producers, both the AutoFom III and Destron PG-100 

overestimate lean yield which would benefit the producer with the current system that rewards 

producers for greater carcass lean yield. The study found that use of AutoFom III was 

moderately accurate for predicting lean yield in the picnic, belly, and ham primals with a high 

degree of accuracy for predicting lean yield in the whole shoulder, butt, and loin primals. Trial 

findings supported the hypothesis that HCW affects backfat thickness, muscle depth, and lean 

yield; the challenge is to use this information to help producers provide the pigs that will yield 

the carcass characteristic that the packing plant desires to maximize returns for the plant and 

producers. 

It was further hypothesized that HCW and gender would affect longissimus muscle (LD) 

composition and IMF content. While similar whole loin weights and loin weight as a percentage 

of HCW were found for gilts and barrows, other LD composition measurements (backfat 

thickness, loin eye area, total lean weight, % lean in loin, and external fat weight) and IMF 

contents were different. Furthermore, HCW quartiles also affected all LD composition 

measurements and IMF content except for loin weight as a % of HCW and % lean in loin. No 

gender × quartile interactions were observed for any traits. The study found that LD and muscles 

from the shoulder and ham were different amongst each other for colour and pH. With the 

exception of pH and hue angle, HCW affected instrumental colour (lightness, redness, 

yellowness, and chroma) values across all muscles. Redness, chroma, and hue angle of specific 

muscles were affected by gender. The relationships for pH and colour measurements between the 

LD and muscles from the shoulder and ham were mostly weak or moderate. This was contrary to 
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the hypothesis that LD colour and pH will not correlate with most colour and pH measurements 

from various muscles in the shoulder and ham. 

In summary, the AutoFom III improved accuracy for determining lean yield with the 

advantage of accurately predicting whole shoulder and loin weights compared with the Destron 

PG-100. The weight and lean yield information for primal cuts will allow packing plants to 

optimize the sorting of the primal cuts and pay the producers according to a more realistic market 

value. Increasing HCW to 138 kg does not significantly affect % lean in loin, loin weight as a % 

of HCW, marbling, or IMF content. However, future studies should include sensory evaluation 

to ascertain the eating experience of loin chops at the current HCW range to better inform the 

required weight range for acceptable eating quality. With the HCW range observed in this study 

(89.4 to 138 kg), loin colour and pH were not strong predictors for the colour and pH of the 

shoulder and ham. 


