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ABSTRACT 

INVESTIGATING THE ROLE OF TECHNOLOGY IN THE ASSESMENT OF TURKEY 

MEAT QUALITY AND QUANTITY  

Heather Hiscock  

University of Guelph, 2022 

Advisor(s): 

Dr. Shai Barbut  

Dr. Christine Baes 

Increased consumer demand for turkey meat products has altered the industries breeding 

practices allowing for birds to reach desired market weights and sizes much faster. In the efforts 

to breed birds larger and faster, there has been rising number of meat quality defects throughout 

products. Many of these quality defects can be linked back to genetic selection, nutrition, and 

environmental stimuli. Research regarding turkey meat quality and quantity using a variety of 

assessment tools to gather a holistic view of potential causative agents is limited, and therefore, 

this thesis outlines assessment techniques that can identify and monitor the relationships of both 

turkey meat quality and quantity parameters by identifying the relationships between meat 

quality traits, creating a predictive model using several variables for turkey component weights 

using a 2D imaging system, and to identifying immune traits within the genetic architecture of 

each carcass component to determine affiliation to meat quality.  
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1 General Introduction  1 

1.1 Turkey Industry  2 

Throughout the turkey industry, there has been a noticeable increase in the overall consumption 3 

and production of turkey meat products (Werner et al., 2008). Between 2020 and 2050 it is 4 

expected that the consumption of poultry products will increase by 14% per person and an 5 

overall global consumption increase of 38% (Komarek et al., 2021) is expected. In response to a 6 

continuous increase in the demand for high protein and lean meat products, the industry has 7 

made significant shifts in their breeding strategy to accelerate the growth and performance of the 8 

birds (Dewez et al., 2018). The intensive selection for growth, as a response to the ever-growing 9 

consumer demand, has consequentially influenced the physiological functions and metabolic 10 

functions (Dewez et al., 2018). Many of these negatively impacting physiologic and metabolic 11 

functions result in skeletal muscle abnormalities and muscle myopathies (white striping, deep 12 

pectoral myopathy, wooden breast, spaghetti meat) (Bailey et al., 2020). The downgrading of 13 

carcass quality has now caused a significant economic loss throughout the industry. Poultry 14 

production has always been more efficient and sustainable in comparison to other meat industries 15 

with consistently high component yields at an affordable cost. As these undesirable meat quality 16 

traits are more frequently observed, it is important to consider all factors that may hinder the 17 

quality of meat being produced.  18 

1.1.1 What does meat quality mean?  19 

Worldwide the demand for poultry meat is consistently increasing per annum. This increase is 20 

mainly due to its low production price, diversity of preparation, acceptability throughout nations, 21 

and its nutritional properties (low fat, high protein) (Alnahhas et al., 2016). Due to its diversity 22 
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and versatility both meat quality and quantity is heavily monitored throughout the industry 23 

(Duclos et al., 2007). Recent years have shown a decline in the meat quality as the industry 24 

pushes breeding practices towards faster growth. The negative impact that the selection for 25 

growth has on the quality of meat product is represented in detrimental effects on numerous 26 

aspects such as pH, colour, cooking loss, drip loss, and shear force. These factors influence the 27 

consumer acceptability of the product and are therefore a key interest within the industry for 28 

improvement. Pale, soft, and exudative (PSE) and dark, firm, and dry (DFD) meat are two well-29 

known conditions indicating poor meat quality and are both qualitatively evident to the 30 

consumer.  Previous research has indicated that there are several factors that influence meat 31 

quality traits, including environmental stress, temperature, relative humidity, pre slaughter 32 

handling, transportation, and genetic selection (Adzitey, 2011; Owens et al., 2000). PSE meat 33 

has been known to be more prevalent in birds that have undergone short term preslaughter stress 34 

(Owens et al.,2000). Stress has been known to rapidly progress muscle metabolism causing a 35 

significant decline in the pH of the muscle. As the muscle pH declines, proteins are denatured. 36 

As a result, the meat is left pale in colour, unable to retain water properly, and the texture is poor 37 

(Owens et al., 2000). Similarly, DFD is associated to long term stress, ie rearing conditions, 38 

causing the depletion of muscle glycogen and therefore a much higher pH. This phenomenon 39 

leaves the muscle dark in colour, firm and dry in texture (Adzitey, 2011).   40 

1.1.2 Myopathies  41 

With intensive selection practices for growth being carried out by the industry, there have been 42 

noticeable changes in the bird’s muscle physiology. These changes in physiology result in 43 

muscular abnormalities that are visually unacceptable to the consumer. One of the most widely 44 
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known myopathies is deep pectoral myopathy which was reported back in the 1980’s in 45 

chickens. Known for its necrotic properties, DPM is a consequence of compartment syndrome 46 

causes the blood to pool within the tissues, hemorrhaging, and causing a colour shift from pink to 47 

green (Bailey et al, 2020). The discoloration is an indication of the hemoglobin in the red blood 48 

cells being broken down as a response to excessive flapping or excitability within the flock 49 

(Bailey et al., 2020; Leishman et al., 2022). Over the last decade, there has been an increase of 50 

novel myopathies affecting the Pectoralis major gaining researcher’s attention, these include 51 

white striping, wooden breast, and spaghetti meat. White striping (WS) is a growth-related 52 

myopathy that is gaining prevalence throughout the poultry industry. Muscles affected by WS 53 

exhibit the appearance of white striations of a variety of thicknesses which lie parallel to the 54 

muscle fibers (Soglia et al., 2018). Turkey breasts with white striation are not generally sold as 55 

whole cut up components rather are used for further processing, costing the industry millions of 56 

dollars in revenue. There is a critical need to evaluate the impact that this condition has on the 57 

main quality characteristics to better improve breeding strategies. Similarly, the industry is also 58 

seeing an abundance of wooden breast and spaghetti meat, another novel myopathy with serious 59 

implications for the industry. Both myopathies show distinctive phenotypic traits. Wooden breast 60 

is characterized by the presence of the out bulging and pale areas with a hardened density in 61 

either the cranial or the caudal area of the muscle (Soglia et al., 2021). Spaghetti meat has an 62 

entirely different phenotype in comparison to the other two myopathies listed above, with an 63 

overall impaired muscle integrity where fiber bundles detach from one another creating a string 64 

like appearance (Soglia et al., 2021).  65 
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1.1.3 Turkey Genetics  66 

The main selection objective for the majority of genetic programmes for turkeys is to produce 67 

birds with high body weight at age of slaughter 20 to 24 weeks (Rafat et al., 2011). The shift in 68 

these programmes towards growth is due to the increasing demand of consumers for high protein 69 

and lean meat products. Similarly, as the demand continues, we are seeing an increase demand 70 

for processed poultry products in addition to whole components (Zampiga et al., 2020). The 71 

industry has now emphasized a need for poultry to have higher quality standards, with 72 

improvements in functional properties (water holding capacity, pH, cooking loss, and colour) 73 

(Zampiga et al., 2020). However, similar to broiler chickens, turkeys are demonstrating 74 

devastating effects on meat quality that is directly correlated to growth. Evidence suggests that 75 

this intense selection for growth is associated to the increasing occurrences of growth related 76 

myopathies and abnormalities, as well as the reduction of meat quality characteristics (Hiscock et 77 

al., 2022; Zampiga et al., 2020).  78 

1.1.4 Indication and Prevention 79 

The overall price of poultry is dependent on the commercial properties of the meat and consumer 80 

acceptability. Consumers are more concerned about appearance and nutritional properties; 81 

myopathies hinder these two major criteria and create problems for the industrial production. 82 

Researchers are now focusing their investigations on adoptions of nutritional strategies and 83 

processing solutions that could be used in reducing the occurrences of these conditions or even to 84 

reduce their frequency (Baeza et al., 2021). To improve the quality of meat, it is required to 85 

monitor the quantifiable properties of meat such as water holding capacity, shear force, drip loss, 86 

cooking loss, pH, and colour need to be monitored (Hiscock et al., 2022; Mir et al., 2017). 87 
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Furthermore, the assessment of nutrition and housing conditions also play a factor. If the 88 

nutritional property of feed is decreased, and the housing conditions are worsened, a number of 89 

resulting implications on meat quality result.  All these factors need to be regulated to ensure the 90 

best meat quality possible. Chapter 2 describes meat quality parameters in relation to the genetic 91 

line to determine meat quality traits in commercial turkey lines.  92 

1.2 Improvements  93 

1.2.1 Digital Improvements  94 

Recently, there has been advancements in computer and digital imaging increasingly 95 

offer an alternative for weight estimations in the poultry industry. Traditionally, live 96 

weights and component weights are collected manually, costing the industry an 97 

extensive amount in labor and time (Mollah et al., 2010). Digital systems can now 98 

capture the animal’s weight through image dimensions and coordinates. This new 99 

technique has demonstrated great promise in predicting weights, previous studies have 100 

demonstrated great effectiveness in live weight estimations. Chapter 3 demonstrates a 101 

novel method for turkey carcass component estimations.  102 

1.2.2 Genetic Parameters  103 

Many of the occurring myopathies and other skeletal diseases causing negative impacts on meat 104 

quality can be explained through genetics. Genome selection is a powerful tool and is commonly 105 

used in breeding strategies today. The use of genetic selection allows for the industry to choose 106 

the best selection candidates for improved meat quality though the identification of causative 107 

genes (Abdella et al., 2022). Genome wide associated association studies are now more widely 108 
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used to achieve this breeding goal, and to better understand genetic architecture of complex traits 109 

(Abdella et al., 2022). In Chapter 4, component weights are investigated, and their identified 110 

immune traits that might be involved in explaining potential reasons for meat quality defects.  111 

1.3 Objectives  112 

This thesis will provide an understanding of the use of next generation technology (imaging and 113 

GWAS) in monitoring and identifying changes in meat qualitative and quantitative traits such as 114 

body weight, pH, colour, cooking loss, and drip loss to improve future breeding strategies. To 115 

expand on this objective the following items were investigated:  116 

1.) To describe and compare meat quality traits (colour, pH, drip loss, cooking loss, and 117 

shear force) in three purebred turkey lines with different breeding goals.  118 

2.) Highlight the correlations between selected traits and body weights from birds 119 

originating from three distinct genetic lines. 120 

3.) Create a predictive model for turkey carcass components using a 2D imaging system 121 

where the models included live weight, component image area, component image 122 

coordinates, kill date, season of year during hatch.  123 

Identify immune loci associated to growth that could potentially hinder the quality of meat. 124 

  125 
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2 Describing the relationships among meat quality traits in 126 

domestic turkey (Meleagris gallopavo) populations 127 

Heather M. Hiscock, Emily M. Leishman, Ryley J. Vanderhout, Sarah M. Adams, Jeff Mohr, 128 
Benjamin J. Wood, Christine F. Baes,Shai Barbut 129 

Keywords: colour, cooking loss, drip loss, genetics, pH, poultry, shear force  130 

Status: Published (Poultry Science, 2022) 131 

2.1 « Abstract  132 

The presence of meat quality defects is increasing in the turkey industry. While the main strategy 133 

for mitigating these issues is through improved housing, management, and slaughter conditions, it 134 

may be possible to incorporate meat quality into a turkey breeding strategy with the intent to 135 

improve meat quality. Before this can occur, it is important to describe the current state of turkey 136 

meat quality as well as the correlations among the different meat quality traits and important 137 

production traits. The main objective of the present study was to provide a descriptive analysis of 138 

eight different meat quality traits for turkey breast meat from three different purebred lines (A, B, 139 

and C), and their correlation with a selection of production traits. Using a total of 7,781 images, 140 

breast meat (N= 590 – 3,892 birds depending on trait) was evaluated at 24 hr post-mortem for 141 

colour (L*, a*, b*), pH, and physiochemical characteristics (drip loss, cooking loss, shear force). 142 

Descriptive statistics (mean and standard deviation) and Pearson correlations were computed to 143 

describe the relationships among traits within each genetic line. A one-factor ANOVA and post 144 

hoc t-test were conducted for each trait and between each of the genetic lines.  We found significant 145 

differences between genetic lines for some colour traits (L* and a*), pHinitial, drip loss, and cooking 146 

loss. The lightest line in weight (line B) had meat that was the lightest (L*) in colour. The heaviest 147 
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line (line C) had meat that was less red (a*) with a higher pHinitial and greater cooking loss. 148 

Unfavourable correlations between production traits and meat quality were also found for each of 149 

the genetic lines where increases in production (e.g., body weight, growth rate) resulted in meat 150 

that was lighter and redder in colour and in some cases (line B and C), with increased moisture 151 

loss. The results of this study provide an important benchmark for turkey meat quality in purebred 152 

lines and provide an updated account of the relationships between key production traits and meat 153 

quality. Although the magnitude of these correlations is low, their cumulative effect on meat 154 

quality can be significant especially with continued selection pressure on growth and yield. 155 

 156 

2.2 Introduction 157 

Global poultry meat consumption has significantly increased within the last few decades (Yalcin 158 

et al., 2019). Consumer demands for high protein, low fat, fresh meat, and poultry products has 159 

led to turkey meat ranking as the second most popular poultry meat around the world (Baéza et 160 

al., 2021). To efficiently meet consumer demands, the use of intense genetic selection for fast 161 

growth and higher meat yields has increased, resulting in higher body weight and breast meat 162 

proportions (Yalcin et al., 2019).  163 

 164 

Along with the demand for poultry meat, consumers have high expectations for product quality. 165 

Product quality can be characterized through the physical, chemical, morphological, and 166 

nutritional attributes of the meat (Anadón, 2002; Mir et al., 2017). As the selection for larger, faster 167 

growing birds continues, there has been a noticeable increase in meat quality defects (Anadón, 168 
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2002; Yalcin et al., 2019). Defects such as myopathies (e.g., white striping, woody breast), pale, 169 

soft, and exudative (PSE)- like meat, and dark, firm, and dry (DFD) meat, affect the colour, water 170 

holding capacity (WHC), and texture of the product (Adzitey and Nurul, 2011; Leishman et al., 171 

2021). All of these defects negatively affect consumer acceptance and could potentially lead to 172 

economic losses in the turkey industry (Werner et al., 2008). In particular, PSE meat is estimated 173 

to cost the US broiler and turkey industry $200 million per year (Barbut, 2009). Poultry products 174 

classified as PSE are characteristically pale and with reduced WHC . This phenomenon can occur 175 

immediately after slaughter during a rapid pH decline while the muscles are still warm (Werner et 176 

al., 2008). The rapid pH decline results in muscle protein denaturation creating less ability for 177 

water to be held as well as a colour change (lighter and more yellow). Raw meat colour is the main 178 

factor affecting consumer preferences at the point-of-purchase, with texture and firmness being 179 

important for consumer satisfaction (Mir et al., 2017). Traits like WHC are less important from a 180 

consumer perspective, however they are the main interest for the meat industry (Adzitey and Nurul, 181 

2011; Mir et al., 2017). Overall, PSE impacts consumer acceptability, as well as the ability for the 182 

industry to process high quality products with high yields. Using measurement methods such as 183 

drip loss and cooking loss, we can assess the muscle’s water holding capacity overtime. PSE meat 184 

can be classified with traits such as meat colour, pH, and water-holding capacity and therefore 185 

these parameters represent important indicators for meat quality and meat quality defects 186 

(Leishman et al., 2021).  187 

 188 

Currently, the main strategies to reduce the occurrence of meat quality problems is through 189 

improved housing, management, and slaughter practices (Ali et al., 2008; Zampiga et al., 2020). 190 
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However, an alternative strategy is to use genetic selection targeting meat quality traits (Bailey et 191 

al., 2020). The presence of noticeable physical changes in the meat caused by myopathies (e.g., 192 

white striping, woody breast) or other conditions (e.g., PSE, DFD) have been noted to be connected 193 

to the intensive selection for larger body weight and breast meat yield (Berri et al., 2001; Fernandez 194 

et al., 2001; Vanderhout et al., 2021). The impact of this intensive selection has also been proven 195 

to be a driving factor in the progression of myopathies and meat quality attributes (Werner et al., 196 

2008; Zampiga et al., 2020). Due to the connections between meat colour, pH, WHC, and certain 197 

myopathies and growth, it is possible that directional selection for some of these traits will improve 198 

meat quality and reduce the incidence of myopathies and PSE.  199 

  200 

Before incorporating meat quality into a turkey breeding strategy, it is important to benchmark the 201 

meat quality traits in the population and describe how they are correlated with economically 202 

important components (Abdalla et al., 2021). Previous studies have demonstrated differences in 203 

meat quality attributes between different turkey genetic lines (Fernandez et al., 2001a; Updike et 204 

al., 2005; Leishman et al., 2022) however this relationship is still unclear as other studies report 205 

no differences in meat quality traits between lines (Werner et al., 2008; Zampiga et al., 2019). It 206 

has been suggested that differences in meat quality between genetic lines relate to growth 207 

trajectories and physiologies and have a tendency for faster-growing lines to be different from 208 

slower-growing lines (Leishman et al., 2022). Faster-growing birds have muscles with larger fiber 209 

size, and higher proportion of glycolytic fibers (Dransfield and Sosnicki, 1999; Strasburg and 210 

Chiang, 2009). As the structure of the muscle changes with growth, it is important to establish if 211 
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differences in meat quality exist between different genetic lines of turkeys and whether similar 212 

correlations among traits exist in the different lines.  213 

 214 

The objective of the present study was to describe and compare meat quality traits (colour, pH, 215 

drip loss, cooking loss, and shear force) in three purebred turkey lines with different breeding 216 

goals. A secondary objective was to describe correlations between the selected traits and body 217 

weights from birds of each genetic line. A good understanding of the relationship among the meat 218 

quality traits should aid in future breeding strategies to improve overall meat quality.  219 

2.3 Materials and Methods  220 

2.3.1 Turkeys  221 

Adult male turkeys from three purebred lines were used (N = 15,496). Line A was a female line 222 

selected primarily for growth and reproductive traits. Line B was also a female line selected mainly 223 

for reproductive traits. Line C was a male line, selected primarily for body weight and meat yield. 224 

All birds were processed over a 44-week period from July 2018 to November 2019. The age of the 225 

turkeys at slaughter was between 20 – 24 weeks. All birds were reared under similar housing and 226 

management conditions and were processed at the same commercial poultry abattoir under 227 

identical conditions (Vanderhout et al., 2021; Leishman et al., 2022). The turkeys were electrically 228 

stunned and exsanguinated, then scalded, defeathered, and eviscerated before being water chilled 229 

(2 hrs) and moved onto ice in refrigerated storage for 22 hrs.  230 

All protocols complied with the guidelines of the Canadian Council on Animal Care and were 231 

approved by the University of Guelph Animal Care Committee (AUP 3782). 232 
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 233 

2.3.2 Production Traits  234 

Body weight (kg) was measured on all birds two days before slaughtered (noted as final BW, 235 

varied between 20-24 weeks based on the line). Average weekly gain (kg/week, AWG) was 236 

calculated as the final BW (kg) divided by the age at slaughter.  237 

 238 

At 24 hr post-mortem, carcasses were broken down into their components and boneless skinless 239 

whole breasts (fillets + tenders) were individually weighed. Breast meat yield (BMY) was 240 

calculated using the following formula,  241 

𝐵𝑀𝑌 (%) =
𝑊ℎ𝑜𝑙𝑒 𝐵𝑟𝑒𝑎𝑠𝑡 (𝑘𝑔)

𝐵𝑊20 (𝑘𝑔)
× 100 242 

2.3.3 Meat Quality Evaluations  243 

Initial pH was measured at 45 min post-mortem on a 20 g sample of breast meat cut from the 244 

cranial region of the Pectoralis major muscle, prior to placing the birds in the 4C water chiller 245 

(samples were also kept at 4C). Ultimate pH was measured directly from the dorsal side of an 246 

intact deboned Pectoralis major at 24 hr post-mortem. A portable pH meter (Model H199163, 247 

Hanna Instruments, Woonsocket, RI) equipped with a spear probe was used for both 248 

measurements.  The calibrated probe was inserted for about 30 sec until the reading stabilized.  249 

 250 
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Trichromatic coordinates (L*, a*, b*)(CIE, 2018) of the breast muscle were obtained by using a 251 

colorimeter (Nix Pro, Hamilton, ON, CA) employing D50 illumination. Colour measurements 252 

were taken 24 hr post-mortem from the dorsal side of an intact skinned Pectoralis major.  253 

 254 

Approximately 200 g samples of Pectoralis major were collected from each bird at 24 hr post-255 

mortem, and transported on ice to the University of Guelph Meat Lab. A small portion (13 ± 1 g) 256 

was removed and placed in a drip loss collection tube. After 72 hrs at 4C, the sample was 257 

reweighed, and percent drip loss was calculated as:  258 

𝐷𝑟𝑖𝑝 𝑙𝑜𝑠𝑠 (%) =
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) − 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
× 100 259 

 Cooking loss was measured on intact muscle samples (7.5 cm W x 4.5 cm L x 4.5 cm H); weighing 260 

about 150g removed from the ventral areas. Samples were wrapped in aluminium foil and placed 261 

inside a metal cooking rack (4.5 cm wide) to prevent deformation while cooking. Samples were 262 

cooked in a preheated conventional oven set at 350C until the internal temperature of 72C was 263 

reached. Percent cooking loss was calculated as:  264 

𝐶𝑜𝑜𝑘𝑖𝑛𝑔 𝑙𝑜𝑠𝑠 (%) =
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) − 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
× 100 265 

Cooked samples were cooled to room temperature and shear force was measured on the ventral 266 

side of the breast sample using a texture analyzer (TA.XT Plus Texture Analyzer, Stable Micro 267 

Systems, Godalming, Surrey, UK) equipped with a 30kg load cell. Each cooked sample was 268 
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sheared at six different locations on the sample surface (1cm apart) perpendicular to the muscle 269 

fiber direction on the ventral surface using MORS blade (Morey and Owens, 2017). Samples were 270 

sheared to a depth of 20 mm at a speed of 1mm/s with a trigger force set at 0.1 N. Values from the 271 

six reading were averaged for each sample. 272 

2.3.4 Statistical Analysis  273 

Descriptive statistics (mean and standard deviation) and Pearson correlation coefficients between 274 

the traits, for each genetic line, were computed using R (version 1.3.1093, R Core Team, 2020). A 275 

one-factor ANOVA and post hoc t-test with Bonferroni adjustment were conducted for each of the 276 

traits to assess the differences between genetic lines. The α level for determination of significance 277 

was 0.05. 278 

2.4 Results  279 

2.4.1 Production Traits  280 

Table 1 shows the difference between the three lines for the assessed production traits: final BW, 281 

AWG, whole breast weight, and BMY. There were significant differences between the genetic 282 

lines for each of these production attributes (p<0.001). Birds from line C demonstrated a higher 283 

final BW in comparison to the birds from lines A (p<0.0001) and B (p<0.0001). The AWG was 284 

also different between the genetic lines (p<0.05). Specifically, line C demonstrated an AWG of 285 

1.63kg/week, which was significantly higher (p<0.05) than that of line A and B, which had an 286 

AWG of 1.34kg/ week and 1.12kg/ week respectively. Similarly, both traits, whole breast and 287 

BMY were significantly different (p<0.05) between all genetic lines. Line C, selected 288 

predominately for growth, had the heaviest whole breast weight (6.08 kg) in comparison to both 289 

lines A (5.21 kg) and B (4.74 kg). Interestingly, lines did not have the same trend for BMY. The 290 
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highest percent yield (BMY) was collected from line B at a value of 24.77%, whereas line A had 291 

a percent yield of 23.78% while line C had a percent yield of 24.58%.  292 

2.4.2 Meat Quality  293 

Descriptive statistics for the studied meat quality traits are shown in Table 1. The results from the 294 

ANOVA and post hoc show that there were differences between genetic lines for L*, a*, pH initial, 295 

drip loss, and cooking loss (adjusted pairwise p<0.05).  296 

 297 

Both L* and a* were influenced by genetic line (p<0.0001). Line B produced meat with a higher 298 

L* value in comparison to lines A and C (p<0.0001). Line C had a lower a* than lines A (p>0.05) 299 

and B (p>0.05). There was no difference in b* between the genetic lines (p>0.05). 300 

At 45 min post-mortem (pHinitial), line C had the highest mean at 6.43  0.23 which was 301 

significantly different than lines A (p<0.0001) and B (p<0.0001). The pHinitial was not different 302 

between lines A and B (p=1.000). There was no difference in the pHultimate between the three 303 

genetic lines (p>0.05).  304 

 305 

Line A had the highest mean drip loss compared to line B (p<0.0001) and line C (p<0.0001) with 306 

the drip loss for line C being higher than line B (p=0.012). For cooking loss, line C had 307 

significantly higher cooking loss compared to lines A (p=0.0041) and B (p=0.0196). There was no 308 

difference in the mean shear force between the genetic lines (p>0.05).  309 
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2.4.3 Correlations  310 

Tables 2, 3 and 4 show the Pearson correlation matrices created for each of the three lines, A, B, 311 

and C respectively. Due to the high number of variable correlations, only significant (p<0.05) 312 

correlations will be discussed. All correlations regardless of p-value are reported in these tables.  313 

2.4.4 Production and meat quality  314 

In general, correlations between production traits (final BW, AWG, whole breast, and BMY) and 315 

breast meat colour (L*, a*, b*) were consistent across the genetic lines. Final BW was significantly 316 

(p<0.05) positively correlated with L* (r = 0.135 – 0.206), and a* (r = 0.091 – 0.199). Similarly, 317 

AWG was positively correlated with L* (r = 0.066 – 0.137), a* (r = 0.082 – 0.181), and b* (r = 318 

0.057 – 0.175).  Whole breast weight was also positively correlated with L* (r = 0.191 – 0.275), 319 

a* (r = 0.068 – 0.156), and b* (0.120 – 0.203). Lastly, BMY was positively correlated with L* (r 320 

= 0.160 – 0.217) and b* (r = 0.107 – 0.143), however the correlations with a* were either very 321 

weak (line C: r = 0.055, p<0.05, Table 4) or negative (line A: r = -0.121, p<0.0001, Table 2). The 322 

strongest correlations between the production traits and meat colour were observed for line C 323 

compared to lines A and B.  324 

 325 

The relationships between the pH traits (initial and ultimate) and the production traits differed 326 

between the three lines. For line A, pHinitial was significantly correlated with final BW (r = 0.177) 327 

and AWG (r = 0.163) and pHultimate was significantly correlated with AWG (r = 0.133). For line B, 328 

neither pHinitial or pHultimate were significantly correlated with any of the production traits (Table 329 

3). For line C, pHinitial was significantly correlated with AWG (r = 0.149) and pHultimate was 330 
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significantly correlated with final BW (r = 0.134), AWG (r = 0.236) and BMY (r = -0.115) (Table 331 

4). 332 

 333 

For the physiochemical traits (drip loss, cooking loss, and shear force), the correlations with 334 

production traits differed slightly among the genetic lines. There were no significant correlations 335 

between any of the production traits and drip loss for line A or line C (Tables 2 and 4). For line B, 336 

drip loss was significantly correlated with AWG (r = 0.166, p<0.0001, Table 3). Cooking loss was 337 

significantly correlated with final BW (r = 0.101 - 0.162), whole breast (r = 0.169 – 0.256), and 338 

BMY (r = 0.163 – 0.250) for lines B and C (Table 3 and 4). Shear force was significantly negatively 339 

correlated with final BW (r = -0.159) and AWG (r = -0.183) for line A (Table 2). For line C, shear 340 

force was significantly negatively correlated with final BW (r = -0.250), AWG (r = -0.155), whole 341 

breast (r = -0.232), and BMY (r = -0.121) (Table 4). Shear force was not significantly correlated 342 

with any of the production traits for line B (Table 3).  343 

2.4.5 Correlations among meat quality traits  344 

The relationships among the colour traits were similar for each genetic line. L* was significantly 345 

positively correlated with b* (r = 0.103 – 0.166) and significantly negatively correlated with a* (r 346 

= (-0.116) – (-0.149)). There was also a significant positive correlation between a* and b* for each 347 

genetic line (r = 0.094 – 0.294).  348 

 349 
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Meat lightness (L*) was significantly negatively correlated with pHultimate, but not pHinitial. 350 

Correlations between L* and pHultimate ranged from -0.249 to -0.360 depending on the genetic line. 351 

Lightness was also significantly positively correlated with drip loss (r = 0.127 – 0.166) and cooking 352 

loss (r = 0.130 – 0.164), however no significant correlations were observed between L* and shear 353 

force in any genetic line.  Interestingly, a* was significantly correlated with shear force for both 354 

lines B (r = -0.195, Table 3) and C (r = -0.136, Table 4), however, this relationship was not seen 355 

in line A.  356 

 357 

As we predicted, pHinitial and pHultimate were significantly positively correlated for Lines A and B 358 

(r = 0.129 – 0.206). The relationships between the pH traits and the physiochemical traits however, 359 

were different between the three genetic lines. For line A, there was a significant correlation 360 

between pHinital and drip loss (r = -0.055) and pHultimate and cooking loss (r = -0.082) (Table 2). For 361 

line B, there were no significant correlations between pHinitial and the physiochemical traits, 362 

however pHultimate was significantly negatively correlated with drip loss (r = -0.142), cooking loss 363 

(r = -0.098), and shear force (r = -0.132) (Table 3). For line C, there were no significant correlations 364 

between pHinitial and the physiochemical traits, however pHultimate was significantly negatively 365 

correlated with drip loss (r = -0.209) and shear force (r = -0.147).   366 

2.5 Discussion  367 

The objective of the present study was to describe and evaluate differences in breast meat quality 368 

in three purebred turkey lines and to describe how these meat quality traits are phenotypically 369 

correlated within each genetic line. In general, we found the lines differed significantly for the 370 
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studied production traits. Line C is the fastest growing line with an AWG of 1.63 ± 0.22 kg/week 371 

resulting in the heaviest body weight before slaughter (24.72 ± 2.06 kg). Line B is the slowest 372 

growing line with an AWG of 1.12 ± 0.11 kg/week resulting in the lightest average body weight 373 

before slaughter (19.11 ± 1.35 kg). Line A falls in the middle with an AWG of 1.34 ± 0.16 kg/week 374 

and a body weight before slaughter of 21.87 ± 1.53 kg. We see that line C has the heaviest whole 375 

breast weight, followed by line B which had the highest BMY and then finally line A. It should be 376 

noted that the difference in BMY between line B and line C is <1%. These differences in 377 

production are potentially a reflection of the selection goals of each line. Line C is a male line 378 

selected predominantly for growth, efficiency, and yield. Line A is a female line; however, it is 379 

selected predominantly for body weight as well as reproductive traits. Line B is a female line 380 

whose selection is focused primarily on reproductive traits. The lack of selection pressure on 381 

growth and yield in line B is likely why those birds were smaller compared to line A which 382 

incorporates some selection pressure on growth and line C which has the most emphasis placed on 383 

growth and yield. Ultimately, these different selection goals have resulted in genetic lines with 384 

different growth trajectories. Given the previously reported relationship between growth and meat 385 

quality (Chiang et al., 2008), the following section will discuss the differences in meat quality 386 

between these three lines. Since these genetic lines were raised under similar housing and 387 

management conditions and slaughtered at a similar age, we can infer that observed differences in 388 

meat quality, which are also correlated with differences in production traits, are genetic in nature.  389 

2.5.1 Differences between genetic lines 390 

In the present study, we found differences between the genetic lines for several meat quality traits. 391 

In particular, there were differences between genetic lines for L*, a*, pHinitial, drip loss, and 392 
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cooking loss based on the adjusted pairwise comparisons. Line B had the highest L* and a* 393 

compared to lines A and C. Similarly, Fernandez et al. (2001) (Fernandez et al., 2001) reported 394 

that a slow-growing turkey line had paler meat compared to faster growing lines. Conversely, other 395 

turkey studies have found no differences in meat colour between different genetic lines (Werner 396 

et al., 2008; Zampiga et al., 2019).  Conditions such as PSE, characterized in part by high L*, are 397 

increasing throughout the industry, and causing issues in the fast growing lines that are used for 398 

further processing (Werner et al., 2008; Barbut, 2009). Line C was the heaviest and fastest growing 399 

line here and interestingly did not show the highest L* values. Meat from poultry genotypes with 400 

increased meat yield have been reported to have lower hematic pigments meaning the meat 401 

presented as less red and more pale (Berri et al., 2001).  402 

 403 

For pHinitial, the fastest growing line (line C), had the highest average pHinitial compared to lines A 404 

and B. The normal acidification process in meat post-mortem is dependent on the amount of stored 405 

glycogen in the muscle because of the anaerobic breakdown of glycogen into lactic acid (Duclos 406 

et al., 2007). In broiler chicken lines with greater breast muscle mass, it has been shown that birds 407 

from these lines have lower muscle glycogen stores and therefore higher ultimate pH due to the 408 

reduced glycolytic potential post-mortem (Berri et al., 2001). Debut et al. (2003) also observed 409 

that a fast-growing broiler genotype had a slower rate of pH decline post-mortem which resulted 410 

in lower drip loss compared to a slow-growing genotype. However, it is also worth noting here 411 

that the correlations between whole breast weight and breast yield with pH was inconsistent 412 

between the genetic lines. Additionally, Werner et al. (Werner et al., 2008) found no difference in 413 

pH taken at 20 minutes post-mortem between turkey genetic lines, however some differences 414 
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between lines were observed when pH was measured at 4 hr post-mortem. In particular, the 415 

smallest line had the lowest pH compared to the heavier lines (Werner et al., 2008). Due to the 416 

conflicting results reported across several studies further longitudinal research is likely needed to 417 

untangle this relationship.  418 

 419 

The muscle’s ability to retain water can be influenced by the rate at which the bird grows (Barbut 420 

et al., 2005; Mir et al., 2017; Zampiga et al., 2020). Line B had the lowest average drip loss 421 

compared to lines A and C. For cooking loss, lines A and B had a lower average cooking loss 422 

compared to line C. These results indicate that slower growing lines may have improved water-423 

holding capacity compared to larger, faster growing lines. Conversely, Fernandez et al. (Fernandez 424 

et al., 2001) found that slower growing turkey lines had greater drip loss compared to faster 425 

growing lines.  Other turkey studies have found no difference in drip loss (Werner et al., 2008) 426 

cooking loss (Updike et al., 2005; Zampiga et al., 2019) between genetic lines.  427 

 428 

Biologically, it would be expected that the genetic line with the lowest pH, would have the highest 429 

L*, highest drip and cooking loss, and highest shear force (Barbut, 2015). This is the proposed 430 

biological mechanism behind the development of PSE meat where rapid decline in post-mortem 431 

pH, in combination with the warm muscle, results in the degradation of muscle proteins and 432 

pigments (Pietrzak et al., 1997; King and Whyte, 2006; Duclos et al., 2007; Carvalho et al., 2014). 433 

However, we did not observe these consistent biological relationships between our lines. Line A 434 

had the lowest initial and ultimate pH. However, line B also had a similar initial pH to line A, as 435 
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well as all lines demonstrated similar ultimate pH values. Similarities can be explained by the 436 

decline in pH post mortem where values are known to become more consistent 24 hours post 437 

mortem (Barbut, 2015). Line B had the highest L*, Line A had the highest drip loss, and line C 438 

had the highest cooking loss. Although these relationships are inconsistent, it is also important to 439 

note that the magnitude of the differences between lines are not large and may not be noticeable 440 

from a processing perspective.   441 

 442 

It is possible that some of our results do not align with previously published studies as external 443 

factors (e.g., temperature stress, physical stress, etc.) were not assessed during the current study 444 

which are well established to influence meat quality (Owens and Sams, 2000; Leishman et al., 445 

2021). Although external factors were not measured, birds from each line were raised under similar 446 

housing, management, and processing conditions. Research conducted using broiler chickens 447 

indicated that environmental stressors preslaughter, causing a longer duration of wing flapping 448 

contribute towards shifts in pH (Debut et al., 2003). Moreover, studies of post-mortem wing 449 

flapping in turkeys demonstrated that flapping could affect breast meat colour (a*), drip loss, and 450 

shear force (Leishman et al., 2022). External factors should be considered in future research 451 

regarding meat quality traits to better gauge the progression of meat quality within the three lines.  452 

2.5.2 Correlations 453 

Phenotypic correlations among the production and meat quality traits were similar within each of 454 

the genetic lines. Within each line, unfavorable correlations were observed between production 455 

and meat colour with increased production (e.g., higher body weight, breast weight) associated 456 
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with meat that is lighter, more yellow and more red (increased L*, b*, a*). Studies of the genetic 457 

and phenotypic correlations between growth and turkey meat quality traits also report positive 458 

correlations between body weight and particularly L* and b* (Aslam et al., 2011; Vanderhout et 459 

al. 2022, in press). This unfavourable relationship between growth and meat colour could be due 460 

to the faster pH decline reported in some studies of fast-growing turkey lines (Berri et al., 2001; 461 

Werner et al., 2008). However, as pointed out by Vanderhout et al. (2022, in press), the size of the 462 

bird at processing can influence the time required to chill the carcass with larger birds required a 463 

longer duration of chilling. These longer chilling times can result in meat that is lighter and more 464 

yellow compared to meat that chills faster because of the positive relationship between temperature 465 

and the rate of glycolysis (Mckee and Sams, 1998; Rathgeber et al., 1999).  466 

 467 

As the meat gets lighter in colour there is an increase in light scattering occurring (Owens and 468 

Sams, 2000; Adzitey and Nurul, 2011). When there is more light scattering throughout the meat, 469 

there is a decrease in light absorbed and an increase in the difference between the refractive indices 470 

of the sarcoplasm and the myofibrils (Owens and Sams, 2000; Adzitey and Nurul, 2011). Pale 471 

meat will have a much larger difference between these indices, and as a result the meat will appear 472 

reduced in the pink colour that is more visually acceptable to consumers. The relationship between 473 

growth and meat colour is important to consider since cut-up poultry products are typically 474 

packaged on trays covered with clear film, displaying the meat colour as the most prominent 475 

characteristic to the consumer (Min and Ahn, 2012; Font-i-Furnols and Guerrero, 2014) and 476 

consumers can be very sensitive to colour variation in packaged poultry products (Fletcher, 1999). 477 

Although there may be cultural differences in preference for meat colour, Western consumers 478 
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avoid purchasing chicken meat with greater yellowness (Kennedy et al., 2005). Since North 479 

America accounts for 58% of global poultry consumption (Daniel et al., 2011), the unfavorable 480 

relationship between heavier faster growing birds and meat lightness and yellowness is important 481 

for breeding companies to be aware of.  482 

 483 

Interestingly, the correlations between the production traits and both the ultimate and initial pH 484 

traits varied among genetic lines, with correlations between both pH initial and pH ultimate and 485 

final BW being relatively weak (r – 0.13- 0.17). Therefore, we do not have any substantial evidence 486 

to show a relationship between the traits.  Similar to what was discussed in the previous section, 487 

the relationship between growth and turkey meat quality is not clear. Some studies of chickens 488 

have found that greater breast muscle mass is associated with lower glycogen stores and thus 489 

higher meat pH (Berri et al., 2001). However, some turkey studies report negative correlations 490 

between body weight or breast weight and meat pH (Wang et al., 1999; Updike et al., 2005; Aslam 491 

et al., 2011;Vanderhout et al., 2021). Similarly, for the physiochemical traits, the correlations with 492 

production traits differed between the genetic lines. Since our correlation results varied between 493 

traits and lines, we cannot conclusively predict with confidence the relationship between traits and 494 

production. 495 

 496 

The correlations observed among the meat quality traits were in line with previous studies (Barbut, 497 

1993; Le Bihan-Duval et al., 2003; Aslam et al., 2011; Leishman et al., 2021; Vanderhout et al., 498 

2022). Similar correlations were reported by a previous meta-analysis of poultry meat quality 499 
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which synthesized the results of 48 studies (Leishman et al., 2021). Similar to what was found by 500 

previous studies, we found that L* is significantly correlated to pH as well as the physiochemical 501 

traits. As suggested by other studies, the results of this study provide further evidence that L* could 502 

be an appropriate indicator trait for overall turkey meat quality that could be included as a 503 

phenotype in a breeding program (Barbut, 1993; Petracci et al., 2004; Leishman et al., 2021). With 504 

modern technology, it is feasible to incorporate the collection of L* measurements on the 505 

processing line and has the potential to be an accurate, feasible, non-destructive, and cost-effective 506 

indicator trait (Barbut, 1997; Leishman et al., 2021). Incorporating these measures into turkey 507 

breeding strategies is especially relevant given the rise in PSE meat (Werner et al., 2008; Dewez 508 

et al., 2018). In some studies, the development of PSE meat has been linked to growth rate which 509 

indicates that without intervention, PSE may become more prevalent due to the continued selection 510 

pressure on growth and yield (Werner et al., 2008).  511 

 512 

Benchmarking these traits and their correlations with key production traits in turkey pedigree lines 513 

will be an important factor to consider for future breeding programs. The unfavourable 514 

relationships between intense selection for growth and meat quality have been reported for many 515 

decades as well as the key role that breeding for improved meat quality may play (Anthony, 1998). 516 

We provide an updated report that these unfavourable relationships exist to some degree in modern 517 

purebred turkey lines. However, the cumulative effect of these low correlations on overall meat 518 

quality may be more substantial. These analyses should be replicated in future studies; however, 519 

it could be that more balanced selection indices including more emphasis on health and liveability 520 

traits  may reduce the negative effects of growth on meat quality (Neeteson et al., 2016).  521 
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2.6 Conclusion 522 

This study provides an updated description and analysis of turkey breast meat quality in purebred 523 

lines selected for different breeding goals and reports phenotypic correlations among important 524 

production and meat quality traits. Differences in meat quality were observed between the genetic 525 

lines for L*, a*, pHinitial, drip loss, and cooking loss, however these differences were not consistent. 526 

The smallest line (line B) had the palest meat compared to the other two lines whereas the heaviest 527 

line (line C) had the lowest redness (a*), highest pHinitial and cooking loss.  Drip loss was the 528 

highest in the intermediate weight line (line A), followed by line C and then line B. For all three 529 

genetic lines, we report unfavourable correlations between production traits (final BW, AWG, 530 

whole breast weight, and BMY) and meat quality which is in line with previous studies. Among 531 

the meat quality traits, we observed significant correlations between meat colour, pH, and 532 

physiochemical traits where meat with increased L* is associated with a lower pH and increased 533 

moisture loss. Although we report many differences between genetic lines and significant 534 

correlations it should be acknowledged that the magnitude of these differences and correlations is 535 

relatively low. This potentially due to the environmental factors that are known to influence meat 536 

quality which were not evaluated in this study (e.g., temperature, antemortem behaviour). 537 

However, this study provides an important benchmark of the current state of turkey meat quality 538 

in purebred lines as well as an indication of how selection for increased growth and meat yield 539 

may influence meat quality.  540 
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2.7 Tables and Figures  541 

Table 2.7.1 Mean and standard deviation (SD) for production and meat quality traits under investigation 542 
within three purebred turkey lines (A, B, and C). Within a given trait, means that do not share a letter 543 
superscript are significantly different (p<0.05).  544 

Trait Line A Line B Line C 

N Mean  SD N Mean  SD N Mean  SD 

BW20 (kg) 4,468 21.87 ± 1.53a 5,285 19.11 ± 1.35b 5,433 24.72 ± 1.79c 

AWG (kg/week) 4,468 1.34 ± 0.16a 5,285 1.12 ± 0.11b 5,433 1.63 ± 0.22c 

Whole Breast (kg) 4,639 5.21 ± 0.57a 5,215 4.74 ± 0.50b 5,442 6.08 ± 0.74c 

BMY (%) 4,448 23.78 ± 1.93a 5,203 24.77 ± 1.71b  5,347 24.58 ± 2.06c 

Lightness (L*)  3,369 37.36  2.54a 3,671 38.04  2.58b 3,892 37.64  2.69c 

Redness (a*)  3,369 1.13  0.68a 3,671 1.21  0.69b 3,892 0.93  0.64c 

Yellowness (b*)  3,369 2.00   0.89a 3,671 1.90  0.93a 3,892 1.89  0.92a 

pHinitial 722 6.30  0.24a 1,340 6.31  0.24a 1,034 6.43  0.23b 

pHultimate 714 5.74  0.11a 1,340 5.77  0.10a 1,061 5.79  0.11a 

Drip loss (%) 699 1.95  1.60a 1,347 1.36  1.32b 1,065 1.56  1.36c 

Cooking loss (%) 718 29.67  3.94a 1,385 30.08  4.08a 1,065 30.76  4.59b 



28 

 

 

 

Shear Force (N) 590 9.95  3.05a 1,048 9.53  2.49a 939 9.70   2.54a 

545 
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Table 2.7.2 Phenotypic correlation matrix for the evaluated turkey meat quality traits for Line A (N=590-3,369 depending on trait). Significance is 

denoted by superscripts a and b, at p<0.05 and p<0.001 respectively. 1BW20 = body weight measured two days before slaughter (20-24 weeks of age) 

Traits BW201  AWG Whole Breast  BMY L* a*  b*  pHinitial  pHultimate Drip loss  Cooking loss Shear force  

BW20 (kg)  0.704b 0.687b  0.070a 0.194b  0.135b 0.194b  0.177a  0.087  0.012  0.035 -0.159a 

AWG (kg/week)   0.425b -0.03 0.112b  0.017 0.098b  0.163a  0.133a  0.013  0.078 -0.183a 

Whole Breast (kg)     0.771b 0.275b  0.008 0.203b  0.111 -0.006  0.073  0.089 -0.087 

BMY (%)     0.217b -0.121b 0.107b -0.031 -0.117  0.110  0.102  0.051 

L*       -0.148b 0.166b -0.049 -0.360b  0.147b  0.164a  0.127  

a*        0.290b  0.060  0.122  0.034  0.064 -0.046 

b*          0.089 -0.011  0.054  0.038  0.007 

pHinitial          0.206b -0.055b -0.068 -0.085 

pHultimate          -0.137 -0.082a -0.222 

Drip loss (%)            0.133  0.113b 

Cooking loss (%)              0.017  
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Table 2.7.3 Phenotypic correlation matrix for the evaluated turkey meat quality traits for Line B (N=1,048 – 3,671 depending on trait). Significance is 

denoted by superscripts a and b, at p<0.05 and p<0.001 respectively. 1BW20 = body weight measured two days before slaughter (20-24 weeks of age) 

Traits  BW201  AWG Whole Breast  BMY L*  a*  b* pHinitial pHultimate Drip loss Cooking loss Shear force  

BW20 (kg)  0.737b 0.780b 0.183b 0.135b  0.091b 0.048  0.089 -0.048  0.081  0.101a -0.026 

AWG (kg/week)   0.527b 0.059a 0.066a  0.082b 0.057a  0.073 -0.06  0.166b  0.076 -0.025 

Whole Breast (kg)    0.756b 0.191b  0.068a 0.120b  0.043 -0.001  0.061  0.169b -0.055 

BMY (%)     0.160b  0.000 0.143b -0.028  0.064 -0.001  0.163b -0.046 

L*       -0.116b 0.147b -0.02 -0.251b  0.127a  0.133b  0.056 

a*       0.094b -0.031  0.039  0.072  0.116a -0.195b 

b*         0.032  0.069  0.105a  0.088  0.023 

pHinitial          0.169b -0.074 -0.061 -0.056 

pHultimate          -0.142b -0.098a -0.132a 

Drip loss (%)            0.107a  0.054 

Cooking loss (%)            -0.047 
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Table 2.7.4 Phenotypic correlation matrix for the evaluated turkey meat quality traits for Line C (N=939 – 3,892 depending on trait). Significance is 

denoted by superscripts a and b, at p<0.05 and p<0.001 respectively. 1BW20 = body weight measured two days before slaughter (20-24 weeks of age) 

 BW201 AWG Whole Breast  BMY L*  a* b* pHinitial pHultimate Drip loss Cooking loss Shear force  

BW20 (kg)  0.720b 0.751b 0.237b 0.206b  0.199b 0.188 b  0.058  0.134a  0.033  0.162b -0.250b 

AWG (kg/week)   0.454b 0.042 0.137b  0.181b 0.175b  0.149a  0.236b  0.084  0.035 -0.155a 

Whole Breast (kg)     0.818b 0.257b  0.156b 0.189b  0.032  0.006  0.044  0.256b -0.232b 

BMY (%)     0.206b  0.055a 0.113b  0 -0.115a  0.035  0.250b -0.121a 

L*      -0.149b 0.103b  0.018 -0.249b  0.166b  0.130a  0.060 

a*       0.299b -0.064  0.034  0.039  0.074 -0.136a 

b*         0.015  0.129a  0.095  0.031 -0.091 

pHinitial          0.077 -0.008 -0.005  0.048 

pHultimate          -0.209b -0.096 -0.147a 

Drip loss (%)            0.086  0.027 

Cooking loss (%)            -0.04 
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3.1 Abstract  

Improving carcass component yields (e.g., breast, thigh, drum) is a major goal of modern 

turkey breeding and traditionally requires the manual collection of component weights. This can 

be a labor-intensive process considering the number of phenotypes that are required for genetic 

selection. Recently, there has been increasing interest in using computer vision systems to assess 

the size, weight, volume, and grade of poultry meat. The present study investigates a predictive 

model for turkey carcass component yields using a non-invasive real-time 2D imaging system. 

Over a two-year study, approximately 11,000 images were taken of shackled turkey carcasses 

deriving from four purebred pedigree lines. Each of the carcasses were weighed as whole birds 

prior to image capture and then once again for each of the economically important components 

after each image had been captured. The captured images were analyzed through advanced image 

analysis to determine the surface area of each carcass in pixels. Using linear regression, an equation 

was derived to predict breast weight using the liveweight of the bird and data from image analysis 
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(component area, length, and width), with a high correlation between observed and predicted 

breast weights (r=0.92). Adding slaughter date to the model improved the correlation coefficient 

(r = 0.94), however adding slaughter date as a seasonal factor (categorized as spring, summer, 

autumn, or winter) had no effect on the model (r = 0.92). Although our breast models proved to be 

good, the thigh and drum models did not demonstrate a high correlation due to the orientation of 

the image and any potential shifts made during image capture. These results represent an important 

first step in developing prediction models for valuable turkey carcass components using practical 

imaging systems. However, further investigations need to take place to prove this system can be 

more fruitful than simply predicting component weight off live weight.  These models, assuming 

further studies, could potentially also allow the industry to better collect phenotypes in a cost- 

effective manner while adjusting strategies to meet consumer demands.  

 

3.2 Introduction 

 

The poultry industry is one of the fastest growing industries in the world, with increasing 

demand for lean, high-protein products (Nyalala et al., 2021). White meat products (e.g., processed 

poultry products) as a source of lean protein are particularly attractive to consumers due to their 

convenience (Nyalala et al., 2021; Barbut and Leishman 2022). To meet the high demand for 

poultry products, in particular breast meat, there continues to be a shift in the agricultural breeding 

practices to produce rapidly growing birds with a high market body weight to maximize the 
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production of preferred carcass components (e.g., breast, thigh, drums) (Vanderhout et al., 2022; 

Aslam et al., 2011).  

In the efforts to improve carcass component yields, the collection of data from several of 

the bird’s phenotypes is required, these phenotypes include colour, cooking loss, drip loss, and pH 

(Hiscock et al., 2022). Overall, the improvement for carcass component yields needs to 

demonstrate a correlation to good meat quality for it to reach market and be worth the industry’s 

efforts. However, to acquire sufficient data to assess these phenotypes for breeding practices, 

including the carcass component weights, has become quite labour intensive and costly. 

With the recent advancement in computer and digital imaging, there is the possibility for a 

more automated platform that can estimate full carcass and component weights accurately and 

non-invasively (Mollah et al, 2010). Previous studies have demonstrated the potential of image 

analysis on live animals such as, chickens, pigs, fish, and turkeys for monitoring their 

thermoregulatory behaviours, the impact of stress, and weight determination at different stages of 

growth (Brandl et al, 1996, Mollah et al, 2010, Nawab et al., 2018). Coordinates derived from the 

shackle image through allows for the calculation of surface areas for each of the economically 

important carcass components (breast, thighs, and drums) for further statistical analysis. It is 

important for the turkey industry to adapt and create an effective system to measure carcass 

components of economic importance for weight, size, and grade. The use of a digital imaging 

system during real-time processing can not only reduce human labor costs but also remove a large 

proportion of human error during manual weight measurements (Mollah et al., 2010).  
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For more accurate turkey models, analysis should include several other variables that could 

impact the overall body weight of the bird (Newab et al., 2018). Poultry growth and development 

can be highly impacted by several climatic factors (e.g., photoperiod, temperature, and humidity) 

(Newab et al., 2018, Leishman et al. 2021). Heat stress causes annual economic losses of 128 

million US dollars throughout the agricultural industry (Lara et al., 2013). External stressors such 

as temperature has also been shown to impact feed intake which affects bird growth and ultimately 

carcass weight (Aruwa et al., 2021). Therefore, it is important to consider the impacts of 

temperature on bird growth, as well as the size of carcass components. Considering that turkey 

production in Canadian occurs year-round, the ambient temperature during production may 

fluctuate which may have consequences for growth. Therefore, environmental variables such as 

season may be important to consider when attempting to model bird growth and component 

weights.  

The aim of this study was to create a predictive model for turkey carcass components using a 2D 

imaging system. We constructed several models, using live weight, component actual weight, 

component image area, component image coordinates, kill date, season of year during hatch.  

3.3 Materials and Methods  

3.3.1 Birds 

Prior to imaging, birds in the present study were reared under identical housing and management 

conditions and were processed in a commercial poultry facility between 20-24 weeks of age. In 

total, approximately 11,000 toms were imaged over a 16-month period ranging from July 2018 to 

November 2019. Birds originated from four purebred turkey lines (A-D).  Line A was a dam line 
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bred predominately for size and reproductive traits (N=2,102). Line B was a dam line bred 

primarily for reproduction (N= 1,925). Line C was a small and slow-growing line (N= 1,413). 

Finally, Line D was a sire line bred predominately for growth (N= 2,336). The turkeys were 

electrically stunned and exsanguinated, scalded, defeathered, and eviscerated. All practices and 

protocols were approved by the University of Guelph Animal Care Committee (AUP 3782) and 

complied with the guidelines of the Canadian Council on Animal Care.  

 

3.3.2 Manual Component Weight Measurements  

Two days prior to slaughter, each bird was manually weighed. Data was collected, denoted as live 

weight throughout the current study. At 24 hours post-mortem and post-imaging, the carcasses 

were separated into their major components (fillets, tenders, thighs, and drums) and weights for 

each component were recorded (noted as the observed weights).  Whole breast weights were 

calculated by adding the weight of the fillet and tenders together.  

 

3.3.3 Image and Weight Collection  

A consistent system was created for data collection during real-time processing. A camera (GoPro 

Hero 6, GoPro, California, USA) was placed on a tripod and set up at a set distance from the 

shackle line. Video mode was set on the camera to record the shackle line at 1440-pixel resolution 

and 30 frames per second (fps). A CPL (circular polarized/linear) filter was placed over the lens 

of the camera to reduce potential glare. A large black rubber mat was hung up behind the shackle 

line for a consistent background during video capture. A smaller black rubber mat was hung 
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directly beside the camera and tripod to block residual light from causing bright spots on the 

carcasses on the shackle line. Prior to video recording, several of the birds were marked with bands 

specifying their unique animal ID (those that did not have a unique ID, marked with general ID). 

Birds were recorded in real time as they pass through the line.  

 

3.3.4 Image Quality and Analysis  

Frames from each of the shackle conformation videos were extracted using VLC media 

player (VideoLan, 2006) to preserve the resolution of each image. Images that were not centered 

or that were blurred were removed from the data set. A further quality check was performed to 

removed birds that were not visually acceptable (i.e. twisted or missing components), i.e., those 

that had intact breasts, for further analysis. In addition to the placement and orientation of the 

carcass, all breast components remaining in the data set were required to be fully intact and 

undamaged.   Areas and component coordinates were calculated from the images using IRIS 

software (IRIS Transportable array, 2003), a commercial image analysis system.  

 

3.3.5 Model Development  

Calculated areas and coordinates obtained from the IRIS system were used as principal 

factors in the predictive models, along with liveweight (kg). Separate models were created for each 

whole breast, thigh, and drum weight. Predictive models for breast, drums, and thighs were 

computed by R (version 1.3.1093, R Core Team, 2020) using multiple linear regression.  A Durbin 

Watson test was conducted on each of the models to detect the presence of any systematic 
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autocorrelation (Mollah et al., 2010). If systemic autocorrelation was detected (DW <1.5), the 

variables were log transformed. The results gathered were used to further improve each of the 

linear regression models estimating component weight.  

To determine if including season improved the predictive model, bird hatch-week and 

slaughter date were grouped into 3-month sections which indicate a new season. To remove any 

date bias within the current study, data was separated into lines and then further into seasonal 

subsets for both hatch and slaughter dates. The subsets were sectioned into 3-month periods and 

classified by a tertiary system.  September-November was listed as autumn (N= 2194), December-

February as winter (N=1949), March-May as spring (N= 2460), and June-August as summer 

(N=1177). In addition to testing these variables in the predictive model, a one-factor ANOVA and 

post hoc t-tests with Bonferroni adjustment were conducted on the average breast weight for each 

of the seasons to assess the differences between genetic lines. The α level for determination of 

significance was 0.05.  

 

3.3.6 Model Evaluation   

Correlation coefficients were generated using Pearson correlation determining the 

goodness of fit between predicted values and the manually collected weights (observed values). 

Accuracy of each of the developed models were tested using a 5-fold cross validation. The data 

set was divided into five folds, using one of the five folds for evaluation. A group of model 

evaluation statistics were reviewed, including RMSE, MSE, CCC, R, and CVk (Table 2, Equations 

1-5), was calculated for the model and can be summarized as:  
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[1] 

𝐶𝑉𝐾 =  ∑  

𝐾

𝐾=1

𝑛𝐾
𝑛
𝑀𝑆𝐸𝐾 

 

[2] 

𝑅𝑀𝑆𝐸 =  (𝑦𝑖 − 𝑥𝑖)
2/𝑛 

 

[3] 

 

 

𝑀𝑆𝐸 = 
1

𝑛
∑ (𝑌𝑖 − �̂�𝑖)

2
𝑛

𝑖=1
 

 

[4]  

𝐶𝐶𝐶 = 1 −
𝐸[(𝑌1 − 𝑌2)2]

(μ1−μ2)22 + σ12+σ22
=  

2σ12
(μ1−μ2)22 + σ12+σ22

 

 

 

3.4 Results  

3.4.1 Predicting breast meat weights  

Base Model. The prediction equation developed for breast weight is as follows (Equation 5): 

[5] 
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y =  0.162 +  0.238(x1)   

Where y is predicted breast weights (kg), x1 is live weight (kg). The relationship between the 

actual breast weight and the predicted weights using live weight alone was r= 0.91. While this 

relationship is strong, equation 5 investigates the relationship between the actual weights and 

those predicted through the image coordinate calculations.  

[6] 

log (y)  =  −0.556 +  0.820(logx1) +  0.067(logx2) –  0.073(logx3)  −   0.091(logx4)  

 

Equation 6 includes x2 as area breast (px), x3 as the component coordinate (length) (px), and x4 as 

the component coordinates (width) (px). The relationship (r = 0.92) between the manually 

collected weights and the predicted values is shown in the multiple linear regression in Figure 1.   

 

Adding kill date (Equation 7), improved the correlation between observed and predicted breast 

weight by 0.02 (r = 0.94). Similarly, the addition of hatch week to the base model was used with 

no improvement to the model (Equation 8).   

[7] 

logy =  −0.644 +  0.805(logx1) +  0.023(logx2)–  0.032(logx3) −   0.032(logx4 )

+ 𝐾𝑖𝑙𝑙 𝐷𝑎𝑡𝑒 ∗  
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[8] 

logy =  0.1135 +  0.8183(logx1) +  0.0551(logx2)–  0.0554(logx3) −   0.0900(logx4 )

− 0.0003(logx5) 

3.4.2 Seasonal effect on breast weight 

Season of hatch-week and season of kill date were demonstrated to significantly influence breast 

weight for each genetic line (Table 2). Hatches occurring in the winter demonstrated a higher 

breast yield than the other seasons except for line B, where yields were best in the summer. In lines 

A, B, and C, birds with kill dates in the spring or summer demonstrated the heaviest average breast 

weight (Table 2). Line D was the only line that did not have a rise in the breast weight during the 

summer months. It can be seen through the ANOVA results that the birds killed in the spring or 

summer have significantly higher breast yields than those that are killed in the winter and fall. 

 

Due to the significant influence of seasonal hatch week and kill date on breast weights, we tested 

the inclusion of these variables into Equation 9 to see if the prediction accuracy improved. 

Including hatch week categorized by season into Equation 9 had no effect on the correlation 

between observed and predicted breast weights (r=0.92, Equation 9). Adding kill date categorized 

by season (autumn, winter, spring, summer) into Equation 10 had no effect on the correlation 

between the observed and predicted breast weights (r = 0.92, Equation 10). 

[9] 
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logy =  −0.573 +  0.24(logx1) +  0.066(logx2)–  0.074(logx3) −   0.085(logx4 )

− 0.004(logx5) 

where, logy represents the predicted breast weight, logx1 as component weight (breast), logx2 and 

logx3 are the calculated areas, and logx4and logx5 are the component coordinates.   

 

 [10] 

logy =  −0.514 +  0.815(logx1) +  0.057(logx2)–  0.062(logx3) −   0.082(logx4 )

− 0.009(logx5) 

3.4.3 Model evaluation of thigh and drum weight  

Similarly, we evaluated the accuracy of image analysis on the other carcass components of 

economic importance such as, drums and thighs. Figure 11 represents the nature at which the areas 

and coordinates for these components were captured. There is an evident discrepancy between the 

measurements calculated from each of the images. This discrepancy can be due to twisting or any 

other movements that may alter the range for which we calculated area. Equations 8 and 9 represent 

the final models created for evaluating breast weight, while equations 11 and 12 represent a 

simplistic model determining the accuracy of estimating leg weights (drum and thigh) based on 

live weight. Removing all image related variables and simply considering the component weight 

in relation to the live weight, equations 11 and 12were created.  
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[11] 

y =  2.98 − 0.004(x1) 

While the more complex models did not show highly correlated results, the simplistic models 

(equation 11 and 12) follow a similar trend. Relationships between predictive thigh weight and 

actual weight was r= 0.035.  

[12]  

y =  2.29 − 0.003(x1) 

Similar to the thigh data, the relationship between the predictive drum weights and actual drum 

was r = 0.039.  

 

3.4.4 Predicting leg meat yield 

Following the results from the breast models, leg models were constructed using the same variables 

(live weight, area, and coordinates) where the model predicting thigh weights demonstrated a r 

value of 0.19  (Equation 13), while the model predicting drum weight had a r value of 0.35 

(Equation 14). 

[13] 

y =  3.055 +  1.35e−4(x1) +  8.437e−6(x2)–  4.46e
−12(x3) −   7.42e−2(x4) − 0.004(x5) 
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[14] 

y =  1.86 − 1.91e−3(x1) − 5.43e−6(x2) +  4.15e−5(x3) −   4.22e−2(x4) 

 

Figure 13 demonstrates the inconsistencies between images that occurred during thigh and drum 

data collection. As a result, the models for both thighs and drums did not demonstrate accurate 

predictive results.  

3.5 Discussion 

 

The objective of this study was to explore the use of a 2D imaging system to estimate the weight 

of carcass components for male turkeys from four purebred turkey lines. Component areas and 

coordinates obtained from image analysis were used to predict the component weight while also 

testing the effect of adding variables like hatch-week, kill date, and season on model accuracy.  

Currently, there is a lack of published studies on estimating turkey carcass component 

yields using real-time processing techniques. The base model was created to include the manually 

measured live weight, the area of each component collected from image analysis, the area 

coordinates of each component, and the live weight presenting predicted component values at 92% 

preciseness. Comparable studies conducted on live broiler chickens presented a similar equation, 
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where they included live weight, surface area of component, and the age at weighing were included 

to determine a precise model with a value of determination coefficient (R2) of 0.999 (Mollah et 

al., 2010).  Our results for the base model were comparable with those of Mollah et al (2010), the 

difference in r values can be explained by their use of an area collected from images of live birds 

and our use of areas from dissected carcasses.  

Using a base model comprised solely on carcass component weights and live weight, 

allowed for us to determine the accuracy of our system’s models. Our base model indicated that 

there was a high correlation with r= 0.91. This relationship indicates that the live weight already 

is a good predictor for component weights. However, we investigated the role of additional 

variables to the base model to see if there were any improvements to the accuracy of estimating 

carcass component weights through image analysis. Equations 5-10 demonstrated success in 

estimating breast weight through image analysis, however this was not a substantial improvement 

from the base model. The addition of the image coordinates and the image area improved the 

model performance from 0.91 to 0.92. The addition of kill date improved the model from 0.91 to 

0.94. This improvement, with the difference of 0.03, indicates that there may be a benefit in 

considering the date of slaughter in predicting breast weight. Variations occurring daily are 

demonstrating to be impactful on the size and weight of the breast component.  

As the daily variation at slaughter is known to be a variable that improves the model, the 

inclusion of hatch date to the model was also investigated if the daily variation of hatch would 

have similar effects. Incorporating hatch date alone did not improve the model, however 

considering a potential date bias, we investigated the season of which the birds were hatched to 
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determine the role of seasonal temperature on growth. Previous studies have indicated a link 

between several well studied meat parameters, overall growth, and external temperature (Leishman 

et al.,2021). Heat and cold stress have been known to help facilitate the development of meat 

quality defects (PSE and DFD) as well as influence hatching cycles and overall bird growth 

(Leishman et al., 2021, Vandenberghe et al., 1999). Considering that the study took place in a 

Canadian processing plant, average temperatures in summer months were approximately 25C, 

autumn and spring were approximately 13C, while winter months were around -0.9C (Leishman 

et al, 2022). Birds are the most susceptible to the influence of temperature stress while quite young 

(Newab et al., 2018). Birds reared in the summer were shown to have smaller breast weights in 

comparison to those raised in other seasons. This was particularly true for Lines A, C, and D, 

however, untrue for Line B. The increase in temperature and heat stress on the birds occurring 

during summer months is also known to trigger the immune system. Previous broiler studies 

indicate that under heat stress broilers had much higher macrophage activity (Kavtarashvili et al., 

2015). The involvement of the immune system during rearing indicates a high amount of the bodies 

energy that is being devoted to immune functions and therefore may have a negative impact on 

growth. Opposingly, the winter months are also not favourable for rearing turkeys. Cold stress 

plays an equally important factor in the growth of the birds as well. It can be seen in figure 4 and 

5 that the optimal months for high and consistent breast yields are when hatch and kill dates are 

during the spring and fall. This result falls in line with a broiler study conducted by Vandenberghe 

et al (1999) explaining that the slowest time for bird development occurs during the winter and 

summer solstices. This can be due to feed intake as a response to the temperature change, affecting 
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the fat metabolism, and growth (Nawab et al., 2018). The change in fat metabolism has been known 

to increase the amount of fat deposits occurring in the muscle, as a result potential white striping 

(Ayo et al., 2011).  

 

Both the thighs and drums had a model accuracy of r<0.50. This result could be a result of 

the orientation of the carcass on the shackle when the image was taken. Any twisting of the carcass 

would have changed the area coordinates of the targeted component (Figure 11). Similarly, it was 

expected that there would some discrepancy when collecting areas for the thigh, as the images 

were capture on the dorsal side of the carcass, where the breasts mask the thighs entirely (Figure 

11). For a more confident estimation, it can be proposed that a 360 camera be used in future 

studies. 

3.6 Conclusion 

 

 The use of image analysis is becoming a popular tool in agricultural practices. It is 

reasonably cheap, non-invasive, non- destructive, and can perform during real time operations. 

Our study highlights the potential associated with the use of 2D imaging systems throughout 

industry to effectively predict the weights of components holding high economic value. Our results 

indicate the potential for further investigation into external factors that impact growth, and other 

methods to monitor their severity. Precision of altering any breeding practices based on these 

estimations are not well known to be dependent on several factors due to the high correlations seen 
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in our base equation, factors such as season of hatch/kill require further research in their ability to 

predict product outcomes. Additional work still needs to be conducted using 360 imaging and 

thermal imaging.  

 

 

3.7 Tables and Figures  

 

Figure 3.1. Scatter plot of the log transformed observed and predicted breast weights (Kg) using Equation 6, 

r= 0.92.  

 

Table 3.7.1 Difference in breast weight (kg) between the seasons categorized either by kill date or hatch 

week for four purebred turkey lines. Data is presented as LSmeans ± SEM. 
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 Fall Winter Spring Summer p-value1 

Seasonal hatch-week      

Line A  5.37  1.08 5.46  1.32 5.12  0.51 5.09  0.85 6.45 x 10-07  

Line B 5.14  0.99 5.37  0.74 5.34  0.71 5.03  0.80 1.41 x 10-05 

Line C  5.19  1.00 5.70  0.62 5.14  0.75 5.57  0.21 2.55 x 10-16 

Line D 5.33  0.69 5.19  1.05 5.29  1.08 5.05  1.41 0.0035  

Seasonal kill date      

Line A  5.10  0.79 5.31 1.08 5.50  1.03 5.30  1.13 6.38 x 10-05  

Line B 5.16  0.79 4.83  1.02 5.31  0.84 5.51  0.64 9.11 x 10-21 

Line C  5.19  0.66 5.24  0.73 5.26  1.06 5.66  0.48 5.96 x 10-09 

Line D 5.30  1.52 5.02  0.18 5.39  0.83 5.12  1.02 4.86 x 10-05  

 

Table 3.7.2 Model evaluation statistics for the predictive equations for all breast weight.  

Component  Breast 

Equation  6 7 8 9 10 
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RMSE1 0.0631 0.0548 0.0615 0.0629 0.0624 

CVk 0.9950 0.1683 0.1906 1.0048 0.1921 

MSE 0.0040 0.0030 0.0037 0.0040 0.0039 

      

CCC 0.9188 0.9405 

 

0.9232 

 

0.9193 

 

0.9207 

 

R 0.9219 0.9422 

 

0.9259 

 

0.9223 

 

0.9236 

 

Cb 0.9967 0.9982 

 

 

0.9970 0.9967 

 

0.9968 

 

1Root mean square prediction error (RMSE) presented as a percentage of the observed mean for 5 

k folds.  
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Figure 3.2 Images of shackled birds used for image analysis. Image on the left is twisted, unable to visualize 

the full drum or thigh area. Image on the right is centered, exposing both drum and approximate areas for 

thighs behind the breasts.  

 

4 The association between carcass component weights and genomic 

regions related to immunity in the turkey (Meleagris gallopavo) 

Heather M. Hiscock, Ryley J. Vanderhout, Emily M. Leishman, Angela Canovas, Benjamin J. 

Wood, Christine F. Baes, Shai Barbut 

Status: In preparation (2022)  

4.1 Abstract  

The application of genetic and genomic improvement strategies in the poultry industry has been 

widely successful, however some challenges persist. As the demand for larger and leaner birds 
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rises, we have not yet fully assessed how the intense selection for growth affects the 

corresponding immune response. As the occurrences of meat quality defects increase, it is 

critical that we evaluate and understand the association between growth and immune function to 

provide insights to breeding strategies in efforts to improve meat quality. This study evaluated 

each carcass component through a genome wide association study (GWAS) to identify 

significant genes associated to weight. Throughout the study we identified six main KEGG 

pathways with significant genes that are specifically associated to the immune function. Several 

of these genes could explain the appearing changes in meat quality associated to growth that are 

unappealing to the consumer. These genes are also able to indicate the originating nature of gene 

activation which could be used in potential breeding strategies for the amelioration of meat 

quality.  

4.2 Introduction 

 

The demand for poultry products is constantly increasing due to their lean nature and high 

protein content (Barbut and Leishman 2022, in submission). By the year 2025, global 

consumption of turkey meat is expected to reach 6.7 million tonnes, a 0.7-million-ton difference 

from 2019.  

(Abdalla et al., 2022; Johnson, 2018). Now both production and consumption are expected 

follow this rising trend globally by 1.8% annually for the next 30 years (Alnahhas et al., 2016). 

The high interest in these products originates back to some of the product’s key commercial 

characteristics, such as price per Kg, its acceptability by a diverse group (ie religious 
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backgrounds) and its dietary and nutritional traits (Barbut and Leishman, 2022, in submission). 

With this increase in demand, there is now pressure on the poultry industry to produce heavy 

birds at a faster rate. Historically, the industry has used intensive genetic selection practices as a 

method to bridge the gap between the consumer demand and growth period for the bird to reach 

market size. It has been suggested that approximately 90% of the change in growth rate observed 

over the last 50 years was associated with genetic selection leaving the remaining 10% caused by 

environmental conditions, and housing practices (Alnahhas et al, 2016).  

Fast growth has been to affect the bird’s physiology and consequences can be apparent 

through several disorders shown in the breast meat such as White Striping (WS), Wooden Breast 

(WB), Spaghetti Meat. Some studies have found that these myopathies are associated with 

increased activity of the bird’s immune system with efforts to repair damaged or necrotic tissue 

(Vanderhout et al, 2020). Many of these disorders have been extensively studied, in both 

chickens and turkeys (Vanderhout et al., 2020) with emphasis on the breast muscle (Pectoralis 

major). In addition to these myopathies appearing throughout poultry products, we are noticing 

that the fast muscle growth is heavily influencing the overall meat quality, resulting in 

deteriorating quality (Ismail et al.,2017). Studies have indicated that while myopathies are 

unappealing visually, we are seeing more detrimental effects when assessing the pH, colour, 

cooking loss and drip loss of the product. All effects can be seen within the muscle fibers and 

how they are adapting to keep up with the rapid growth. The colour of the meat can be 

considered one of the most important traits when investigating meat quality, there are known 

significant relationships between colour and other meat quality traits such as pH (Hiscock et al, 
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2022). Previous studies have indicated that when there is high myoglobin content within the 

muscle, it indicates highly oxygenated muscle, as myoglobin brings oxygen to the muscle. This 

concentration can be heavily impacted by exercise and diet (Ismail et al, 2017). Changes in this 

concentration will cause for discolouration throughout the tissue and are known in birds to be 

linked to rapid body growth. Discolouration within the meat is closely linked to the decrease in 

muscle pH post-mortem, and results in PSE- like meat with low water holding capacity (Hiscock 

et al, 2022). Many external factors contribute to the quality of meat; however age, growth, and 

strain are well known to influence the physical appearance, texture, tenderness, colour, etc.  

 

Currently, genome wide association studies (GWAS) are becoming one of the most 

common strategies for the identification of genes for complex phenotypes (Zhang et al., 2014). 

Understanding the causative genes for the traits of interest allows for the identification of major 

genomic regions (loci) and therefore has the potential to improve gene base selection (Abdalla et 

al., 2022). The use of GWAS in quantitative trait loci (QTL) mapping has been used to improve 

the body weight in chickens (Dadousis et al., 2021). Although many results have been able to 

isolate body weight specific traits, there has been very little research using GWAS on 

commercial relevant lines for the overall improvement of meat quality for commercial use 

(Dadousis et al., 2021). Similarly, the identification of genes associated to growth and body 

weight were also present in turkeys (Abdella et al., 2022). Abdella et al, were able to 37 genes 

associated to growth and metabolism within a large population of turkeys, which could 

potentially create framework for future breeding programs. 
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While studies are demonstrating great progress in creating the framework for breeding 

programs designed predominately for growth, it is important to consider all external factors that 

may be causative agents for the deteriorating meat quality seen throughout the industry. By 

isolating the immune traits that play a critical role in an animal’s capacity to resist and develop 

diseases, research can begin to focus on immune traits as a potential target for understanding the 

genes of causation. By pinpointing genes that may be associated to deteriorating meat quality, we 

may begin to understand the link between growth and meat quality better while providing a 

reason to alter breeding practices for both the animal and industry. Several immune traits have 

already been identified throughout years of chicken studies, however the weight associated 

immune traits have not yet been widely studied in whole commercial turkeys.  

 This study was aimed to identify the candidate genes associated with growth-related 

immune response in turkeys using GWAS. This approach may offer some valuable insights to 

further understanding the physiological impacts on each of the carcass components when 

selecting predominately for growth. This may also further support the use of a genomic breeding 

program to allow for the substantial growth that consumers are looking for while considering 

health and meat quality.   

4.3 Materials and Methods  

Animals 

11,986 toms (20-24 weeks old) from three genetic lines (A, B, and C) were processed over a 44-

week period between July 2018 and November 2019 (Vanderhout et al, 2021). The three genetic 
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lines consisted of two dam lines and one sire line. Of the two dam lines, Line A was bred 

predominately for growth and reproduction. The other dam line, Line B was bred for 

reproductive traits. The sire line, Line C was bred mainly for growth and meat yields. Birds were 

all reared under identical housing conditions and management protocols (Hybrid Turkeys, 2020). 

During commercial processing the birds were electrically stunned, exsanguinated, scalded, 

defeathered, and eviscerated before moving into the chiller. After a 24hr chilling period, birds 

were deboned and weighed. Weights were taken for each individual carcass component, resulting 

in 4 total components: tenders, fillets, drums, thighs. Weights from tenders and fillets were added 

together to establish a “total breast weight” value.  

 

All protocols complied with the guidelines of the Canadian Council on Animal Care and were 

approved by the University of Guelph Animal Care Committee (AUP 3782).  

 

Phenotypic and Genotype Data  

Summary statistics of the data are presented in Table 1 for each of the carcass components. 

Using 4,667 birds, genotypes were collected for each of the carcass components using a 

proprietary 65K single nucleotide polymorphism (SNP) array. (65,000 SNP; Illumina, INC.). 

PLINK software (Purcell et al., 2007) was used as a quality check and to remove any SNP 

markers that were identified in a non-autosomal region with a minor allele frequency (<0.05), a 
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call rate of lower than 90%, or proportions that significantly deviated from Hardy Weinberg 

(p<1e-8). Following our quality check, we continued analysis with the remaining 54,407 markers.   

Statistical Analysis:  

A linear mixed model was used to estimate variance components through restricted maximum 

likelihood carried out using the BLUPf90 family of programs (Misztal et al., 2018). The linear 

mixed model used can be described as follows:  

y = Xb + Za + e, 

where y is the component weight, b is a vector of fixed effects including genetic line (3 levels: 

A, B, and C), hatch week-year (58 levels), age at slaughter (7 levels; 141 to 163 days). a is a 

vector of additive genetic effects distributed as 𝐚 ~ 𝑁(0, 𝐇𝜎𝑎 2 ), where H is the combined 

pedigree-genomic relationship matrix as in Aguilar et al. (2010) constructed using the 

PREGSf90 program (Misztal et al., 2018) and 50 𝜎𝑎 2 is the additive genetic variance; e is the 

vector of residual effects which has a distribution of 𝐞 ∼ 𝑁(0, 𝜎𝑒 2 ) where 𝜎𝑒 2 is the residual 

variance; and X and Z are design matrices relating the observations to the fixed and random 

effects, respectively.  

Estimates of SNP effects were derived from the estimated genomic breeding values (gEBV) 

following Wang et al. (2012), using a weighted genomic relationship matrix: 

𝐠̂  = 𝐃𝐙 ′ [𝐙𝐃𝐙 ′]−1𝐮̂ g, 
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 where 𝐠̂  is a vector of SNP marker effects; D is a diagonal matrix of weights for variances of 

SNPs; Z is a matrix relating genotype of each locus; and 𝐮̂ g is the vector of gEBV. These 

analyses were carried out using the BLUPf90 family of programs (Misztal et al., 2018). 

 

Functional Analysis  

Out of the identified markers, those that were in the 99th percentile of variance explained were 

considered significant. Using the GALLO package in R (Fonseca et al., 2020), positional 

candidate genes within 50kb of the significant SNP from the Turkey 5.1 assembly (Dalloul et 

al., 2014) were retrieved using the Ensembl Genes database version 104 

(https://useast.ensembl.org/Meleagris_gallopavo/Info/Index). Potential candidate genes 

were identified through WebGestaltR R package and Gallus gallus database. From the identified 

candidate genes, gene ontology (GO) enrichment analysis was performed, identifying cellular 

components (CC), molecular functions (MF), and metabolic pathway analyses (Kyoto 

Encyclopedia of Genes and Genomes (KEGG) database).   

4.4 Results  

Heritability for component weight was calculated as follows; 0.47 (0.050) for fillets, 0.50 

(0.048) for tenders, 0.46(0.048) for thighs, and 0.64(0.051) for drums. Summary 

statistics of the weight measurements of each carcass components used for the present 

GWAS are shown in Table 1. The summary data shows that Line A possesses the 

largest tender weight and a shorter life span, while Line B holds the largest fillet weight. 
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Line C possesses the largest weights for both the thighs and the drums, as well as 

having the longest life span. Considering these weight parameters, we have an idea of 

the morphology of the birds originated from each of the lines.  

 Among the examined components, we identified numerous genes of significance 

(Figures 1-4). As represented in a series of Manhattan plots (Tables 1-4), genes 

identified for each component of significance were displayed above the line at 5% 

genome wide significance. The significant genes’ corresponding KEGG pathways 

(Table 2), biological processes, molecular function, and cellular components were 

identified (Table 3). Candidate genes that were associated with a KEGG pathway and a 

gene ontology term (biological processes, molecular function, or cellular component) 

were further investigated for their potential role as an immune response trait.  

4.4.1 Genes encoding traits related to immunity  

4.4.1.1 Tenders  

There were two genes identified (CYP26A1 and CBR1) as significant specifically for the 

tender component of the carcass. These genes were highlighted (Table 2), as they were 

presented in both the KEGG pathways and as a significant GO term. CYP26A1 a gene 

associated to the retinol metabolism, specifically in the vitamin metabolism process. 

Similarly, CBR1 is also utilized for vitamin metabolism, however, is a part of arachidonic 

acid metabolism.   
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4.4.1.2 Fillets   

Only one gene was identified as significant for the fillets, MTHFD1L (Table 2). This gene 

was the only one present in both KEGG pathways and significant GO terms for the fillet 

carcass component. This gene is a part of the one carbon metabolism, important for the 

folate cycle. This gene presented in several specific biological processes (Table 3) 

including, amino acid metabolic processes, cranial skeletal system development, 

skeletal system development, and embryotic development.  

4.4.1.3 Thighs 

For the thigh component, there were six identified genes of interest (Table 2), as they 

were listed in the identified KEGG pathways, as well as several of the significant GO 

terms. These genes included, TAB1, PDGFB, and IGF1. These three genes are 

associated to MAPK signalling. GGH was also identified as significant and carries an 

important role in folate biosynthesis. The last two genes identified were STX11 and 

VAMP7, associated to SNARE. SNARE, a family of proteins used throughout vesicular 

transport within the immune system. All six of these genes appeared in more than one 

of the GO terms (Table 3-5). PDGFB was found significant in the biological processes of 

cation transport, inositol lipid mediated signaling, regulation of transferase activity, and 

ossification. TAB1 was also significant in the regulation of transferase activity. IGF1, 

STX, and VAMP7 were seen widely throughout the GO terms as listed in Tables 3 to 5.  

However, GGH, was only seen in biological processes and was found to be significant 

to membrane organization.  
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4.4.1.4 Drums  

 

Similar to the results gathered for the thighs, TAB1, PDGFB, IGF1 were also significant 

in the drums. In addition to the three genes listed above, there were an additional two 

genes that were significant, NFATC1 and SFRP2. NFATC1 and SFRP2 shown to have 

significance in the Wnt signalling pathway with roles in negative regulation of cell 

communication, negative regulation of cell signalling, circulatory development, and 

negative regulation of developmental process.  

 

4.5 Discussion  

 

Carcass yield and live weight are key traits when considering the performance of the birds 

(Bailey et al, 2020). As the industry shifts towards breeding for larger and heavier birds, there 

has been a noticeable increase in the occurrences of myopathies and other quality related defects 

(Bailey et al., 2020). A main goal of breeding programs now is oriented towards overall carcass 

quality, focusing on the prevention of skeletal deformities muscle myopathies, infections, and 

ascites (Bailey et al., 2020). In the present study, we performed a GWAS for each carcass 

component weights, to identify any potential immune traits associated. Through analysis, there 

were six key KEGG pathways identified (Table 2) highlighting immune associated with 

biological processes, cellular components, or molecular functions.  
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4.5.1 Retinol Metabolism  

The gene CYP26A1 was identified within the turkey’s tenders during analysis and was present in 

both the KEGG pathways and GO terms. CYP26A1 has been studied and characterized as a gene 

that essential for embryotic development as well as it plays a major role in the clearance of 

retinoic acid (Ross et al., 2011). Within the body, CYP26A1 is induced by the presence of 

retinoic acid and is highly responsive within the liver (Tang et al., 2013). Previous literature has 

indicated that the cells expressing CYP26A1 gain a significant resistance to apoptosis. This is 

due to reduced bioavailable retinoic acid, for which CYP26A1 aids in the cellular commitment to 

apoptosis (Tang et al., 2013). Retinoic acid, an active metabolite of vitamin A, is strong regulator 

of transcription (Semba et al., 1994). Vitamin A has long been associated with immunity and 

along with its metabolites, it has been shown to enhance antibody response, increase the 

production of lymphocytes, restore mucosal surface integrity, and impede apoptosis (Semba et 

al., 1994). The oxidative metabolism of retinoic acid by certain members of the cytochrome 

superfamily aid in the maintenance of retinoic acid concentrations within the tissues of the birds 

(Ross et al., 2011). The presence of this gene within the tenders could potentially indicate a 

significant number of apoptotic events occurring within the tissues and a lack of vitamin A in the 

bird’s diet. Both gene events are associated to the weight of the tenders and further indicating 

potential deteriorating effects on the overall meat quality of the tenders, which are of high value 

to the industry.  
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4.5.2 Arachidonic acid metabolism  

Arachidonic acid (AA) is an integral constituent of the cell membrane and is important 

for the functionality of the immune system, promotion of inflammation, resolving 

inflammation, and appetite (Hanna et al., 2018). Macrophages, as one of the key 

components of the immune system are extremely versatile responding to inflammation 

or insulin action to achieve metabolic homeostasis (Xu et al, 2021). Previous studies 

have shown that AA metabolism when triggered has the ability to determine the distinct 

functional phenotype of M2 macrophages (Xu et al., 2021). Our KEGG pathway results 

indicated one gene associated to AA metabolism within the tenders of the turkey, 

CBR1. CBR1 is a protein coding gene associated to the AA metabolism that is initiated 

following irritation or injury (Claire et al., 2013). Interestingly, it has been indicated that 

the presence of this gene has been associated to the deposition of fat within tissues of 

chickens (D’Andre et al., 2013). Its presence within our results could indicate that prior 

to slaughter, there was an increase of AA metabolism occurring in response to some 

sort of injury, heat stress, transport, or other stressor. This result could also indicate 

potential unwanted fat deposits within the tenders and could potentially be an indicator 

of WS. This result could suggest a required change that needs to be made in housing 

practices to prevent injury of the birds and improve occurrences of WS.   
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4.5.3 Toll- like receptor signaling pathway  

NF- B regulates innate and adaptive immune responses (Keestra et al., 2013). Its activity is a 

response to several different stimuli, including stress and pro inflammatory cytokines (Li et al., 

2002). Many pathogens are recognized within the body by specific pattern receptors (PRRs) that 

can recognize specific components of a pathogen. The most common PRR are toll-like receptors 

(TLR). Toll- like receptors are a class of proteins playing a key role in the innate immune system 

by mediating the activation of intracellular signaling after the exposure of extracellular stimulus 

(Li et al., 2002). Birds, specifically chickens and turkeys, have highly unique activated TLR 

signalling pathways (Keestra et al, 2013). TAK1, a growth specific pathway, transforms growth 

factor  activated kinase 1 which binds to TAB1 and TAB2. Through the analysis we identified 

TAB 1 in both KEGG pathways and GO processes within the birds’ thighs. The presence of 

TAB2 within this analysis indicates a potential inflammatory response within the birds, 

potentially occurring prior to slaughter. The presence of this gene is another indication of 

housing/ management practices that may need some improvement, as inflammation within the 

thigh muscle can cause myositis and overall loss of skeletal muscle creating difficulty for the 

bird to move (Londhe et al., 2016). Leg weakness is prevalent within the poultry industry and 

has caused for large economic losses as well as high mortality rates within the flocks (Rafique et 

al., 1997). It has also been related back to nutritional deficiencies and viral arthritis, which can be 

managed by housing practices. The presence of TAB1 within the thighs could demonstrate the 

bird’s difficulty to move and could be a sign of leg weakness or Newcastle disease resulting from 

nutritional deficiencies.  
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4.5.4 One carbon pool by folate   

One carbon metabolism, mediated by the folate cofactor, is a compilation of biochemical 

reactions using a group of enzymes that transfer carbon within the mitochondria (Kurniawan et 

al., 2021). Throughout the folate cycle, folate is reduced into dihydrofolate which gets further 

converted into dihydrofolate reductase in the cytosol (Kurniawan et al., 2021). As the 

dihydrofolate reductase moves through the cycle into the mitochondria, it activates MTHFDIL 

gene, which was a gene identified in the fillets of our analysis. The role of MTHFDIL is to 

convert 5,10 me THF into 10-formyl THF and then further cleaved to generate formate 

(Kurniawan et al., 2021). Formate has been shown to be associated to T cell functions and 

therefore the overall support of immune functions as well as growth. Similarly, we identified 

GGH withn the thighs, a gene important in folate biosynthesis. This gene is key for the 

absorption of B9, another key element of cell growth (Zhang et al., 2021). The significance of 

this cycle within the KEGG pathway indicates tissue growth or potentially an abundance of T 

cells as a response to growth (Zhang et al., 2021). Growth related T cell production was to be 

expected as a common immune trait associated with tissue growth.  

4.5.5 MAPK signaling pathway 

Environmental stressors can depress an animal’s immune system and further damage the 

animals’ tissues and cells (Huang et al., 2018). Due to excessive stressors, there is an increase in 

reactive oxygen species and the effort to eliminate of these reactive oxygen species lead to 

oxidative damage and triggering inflammation of tissues (Huang et al., 2018). Presence of 
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inflammation initiates the innate immune system, specifically TLRs. There are two major 

pathways that modulate these immune responses, nuclear factor kappa B and mitogen activated 

protein kinases (MAPK). The MAPK pathway was highlighted as a significant pathway within 

the birds’ legs (thighs and drums) (Table 2), with TAB 1, PDGFB, and IGF1 as genes of 

interested.  This pathway is activated as a response to environmental stressors to regulate 

immune function and inflammation (Huang et al., 2018). These genes demonstrate the initiation 

of the immune system in response to inflammation in both PDGFB and NFATC1. Inflammation 

in the legs at time of slaughter could be explained by numerous scenarios including, bumblefoot 

(bacterial infection), stress, crowding etc. However, with the significance of IGF1 within our 

results, it is possible that the presence of inflammation in the legs is associated to growth 

hormone secretion.   

4.5.6 SNARE interactions in vesicular transport  

All functions of immune cells rely on vesicular transport to transport molecules and membranes 

within the cells (Stow et al., 2006). Soluble N ethylmaleimide sensitive factor accessory protein 

receptors (SNARE), mediates membrane fusion during the movement of practically all steps in 

both the innate and adaptive immune system (Stow et al., 2006). Studies have indicated presence 

of SNARE interactions into several diseases, ranging from skeletal to neurodegenerative (Stow 

et al.,2006). Table 2, it lists two significant genes within the legs that are associated to SNARE 

interactions, STX11 and VAMP7, both which mediate proper immune functions through 

macrophages, neutrophils, and eosinophils (Stow et al., 2006). Specifically, VAMP7, has a role 

in the recycling of endosomes and regulates the delivery of endosomes during the final stages of 
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phagocytosis. There has been evidence that this pathway is associated to several genetic diseases 

associated with immunodeficiency and therefore could have a role in the explanation of heritable 

conditions (Vanderhout et al., 2022).  

4.6 Conclusion 

In the present study we identified immune traits associated to turkey carcass components weights 

providing an insight into the relationship between growth and immune response through GWAS 

and functional analysis. We found that there were six KEGG pathways that contained significant 

genes associated to immune responses. Many of these genes were associated to inflammation and 

proinflammatory responses which could be explained by growth and the additional influence of 

environmental stimulus. These results provide some insight into potential causation of poor 

muscle health, which could lead to poor meat quality. Further investigations are needed to 

explore the relationship between immune responses and the bird’s nutrition, activity, and housing 

environment.  

4.7  Figures  

Table 4.7.1 Summary statistics for all carcass components.    

 Line A Line B Line C 

Average weight for carcass component (Kg)      

Tenders 0.860 0.853 0.858 
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Fillets 4.413 4.448 4.461 

Thighs 2.845 2.868 2.900 

Drums 2.192 2.209 2.241 

Mean Slaughter Age, in days (SD)   144.13(3.95) 149.68(2.10) 153.65(3.63) 

Number of animals in the pedigree  6,530 4,146 6,063 

Number of genotyped birds 

  

963 477 1,185 

Number of genotyped sires  126 153 183 

Number of genotyped dams  623 354 583 

Number of SNP markers   54,407  
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Figure 4.1 Manhattan plots showing association of genetic variance with the fillets. Variance explained (%) is plotted on the y-axis where the 

associated chromosomes are plotted on the x-axis. The distinct horizontal line shows a genome wise 5% significance. 
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 Figure 4.2 Manhattan Plots showing association of genetic variance with the drums. Variance explained (%) is plotted on the y-axis where the 

associated chromosomes are plotted on the x-axis. The distinct horizontal line shows a genome wise 5% significance.   
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Figure 4.3. Manhattan Plots showing association of genetic variance with the tenders. Variance explained (%) is plotted on the y-axis where the 

associated chromosomes are plotted on the x-axis. The distinct horizontal line shows a genome wise 5% significance.   
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Figure 4.4. Manhattan Plots showing association of genetic variance with the thighs. Variance explained (%) is plotted on the y-axis where the 

associated chromosomes are plotted on the x-axis. The distinct horizontal line shows a genome wise 5% significance.   
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Table 4.7.2. List of KEGG pathways (p<0.05) for breast components consisting of tenders (92 candidate 

genes) and fillets (82 candidate genes), as well as the leg components consisting of thighs (109 candidate genes) 

and drums (103 candidate genes).  

Breast: Tenders 

 

  

Molecular Pathway Description p-value Gene Names 

Biotin Metabolism  0.019 HLS 

Retinol Metabolism  0.022 CYP26A1*; CYP26C1 

Arachidonic acid metabolism  0.038 CBR1*; PTGS1 

Breast: Fillets  

 

  

Molecular Pathway Description p-value Gene Names 

Toll- like receptor signaling 

pathway  

0.033 TBK1; TAB2 

One carbon pool by folate  0.059 MTHFD1L* 
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Legs: Thighs 

 

  

Molecular Pathway Description p-value Gene Names 

MAPK signaling pathway  0.011 TAB1*; PDGFB*; IGF1*; 

STK3; PPP3CB; CACNA1G 

Folate biosynthesis  0.016 GGH*; GPHN 

SNARE interactions in vesicular 

transport  

0.018 STX11*; VAMP7* 

Legs: Drums  

 

  

Molecular Pathway Description p-value Gene Names 

MAPK signaling pathway  0.006 TAB1*; PDGFB*; IGF1*; 

NFATC1*; PPP3CB; 

CACNA1G 

Oocyte meiosis  0.025 IGF1*; ANAPC4; PPP3CB 

Wnt signaling pathway  0.052 NFATC1*; SFRP2*; 

PPP3CB 

*indication of a candidate gene that was associated with a KEGG pathways as well as a 

significant GO term.  
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Table 3. List of Gene Ontology (GO) terms considering all biological processes (BP) found 

within all candidate genes identified from the four components of interest (tenders, fillets, thighs, 

and drums).  

GO ID GO Term p-value Gene Names 

Biological Processes: 

Tenders  

   

GO:0006766 vitamin metabolic 

process  

0.017 CBR1; CYP26A1 

GO: 0031099 regeneration  0.032 STK24; MSTN 

GO: 0019725 cellular homeostasis  0.042 SLC34A2; SLC40A1; 

ORMDL1; MSTN; 

TRPM7 

GO: 0007264 small gtpase mediated 

signal transduction 

0.046 DOCK9; FARP1; 

MCF2L2; RALGPS1 

GO: 0048017 inositol lipid- mediated 

signal transduction  

0.052 CEP55; DAB2IP 

GO: 0031344 regulation of cell 

projection organization  

0.055 STK24; MYOM1; 

LGI1; IST1; MYLK3; 

DAB2IP 

Biological Processes: 

Fillets  

   

GO: 0043588 skin development  0.0056 LATS1; WDR48; 

TP63 
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GO: 0006575 cellular modified 

amino acid metabolic 

process 

0.0098 IYD; MTHFD1L; 

PCYOX1L 

GO: 1904888 cranial skeletal system 

development 

0.013 MTHFD1L; TP63 

GO: 0006790 sulfur compound 

metabolic process 

0.039 GNS; CHST9; 

PCYOX1L 

GO: 0001501 skeletal system 

development  

0.044 MTHFD1L; CSRNP1; 

WDR48; TP63 

GO: 0009790  embryo development  0.052 MTHFD1L; CC2D2A; 

WDR48; 

TP63;TPRA1 

Biological Processes: 

Thighs 

   

GO: 0006812 cation transport  0.00096 KCNJ15; ATP5PF; 

PDGFB; KCNS2; 

ATP6V1D; 

SLC25A29; ANO10; 

SLC40A1; VAMP7 

GO:0048017 inositol lipid mediated 

signaling  

0.0065 PDGFB; IGF1; 

SLC9A3R1 

GO:0043491 protein kinase b 

signaling  

0.0068 IGF1; MSTN; 

SLC9A3R1 

GO: 0051338 regulation of 

transferase activity  

0.0085 DNAJC3; TAB1; 

PDGFB; IGF1; 
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MSTN; DCUN1D; 

SLC9A3R1 

GO: 0033002 muscle cell 

proliferation  

0.011 PDGFB; IGF1 

GO: 0048144 fibroblast proliferation  0.014 GABPA; PDGFB; 

IGF1; TTPA; MSTN; 

TP63 

GO: 0051093 negative regulation of 

developmental process  

0.018 KCNJ15; ATP5PF; 

KCNS2; ATP6V1D; 

SLC25A29; ANO10; 

SLC40A1 

GO: 0034220 ion transmembrane 

transport  

0.022 IGF1; EIF2S1; TP63 

GO: 0007167 enzyme linked 

receptor protein 

signaling pathway  

0.028 TAB1; PDGFB; 

KCNS2; VAMP7 

GO: 0043269 regulation of ion 

transport  

0.031 CBY1; ATP6V1D; 

MSTN; TENM2 

GO: 0031099 regeneration  0.032 STX11; VAMP7 

GO: 0051130 positive regulation of 

cellular component 

organization  

0.035 KDELR3; IGF1; 

ATP6V1D; VAMP7; 

KPNA2 

GO: 0048284 organelle fusion  0.041 STX11; TTPA; MPP5; 

VAMP7 
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GO: 0033365 protein localization to 

organelle  

0.046 PDGFB; CBY1; IGF1; 

MSTN 

GO: 0061024 membrane 

organization  

0.046 DNAJC3; GGH; 

EIF2S1; DEGS2; 

ORMDL1; MRPL37 

GO: 0050673 epithelial cell 

proliferation  

0.056 IGF1; MSTN 

GO: 0001503 ossification  0.058 PDGFB; IGF1; 

KATNBL1; MSTN; 

VAMP7; TENM2 

Biological Processes: 

Drums  

   

GO:0031099 regeneration 0.00017 STK24; IGF1; MSTN; 

MYOZ1 

GO:0009611 response to wounding 0.00044 STK24; PDGFB; 

IGF1; 

SMOC2;MSTN;MYO

Z1 

GO:0061061 muscle structure 

development 

0.00045 LMOD2; PDGFB; 

CBY1; 

IGF1;NFATC1;MSTN

;MYOZ1 

GO:0048285 organelle fission 0.0047 PDGFB; DMC1; 

IGF1;TRIP13;CTDP1 

GO:0048017 inositol lipid-mediated 

signaling 

0.0057 PDGFB; IGF1; 

SLC9A3R1 

GO:0043491 protein kinase B 

signaling 

0.0060 IGF1; MSTN; 

SLC9A3R1 

GO:0007167 enzyme linked 

receptor protein 

signaling pathway 

0.0062 TAB1; PDGFB; IGF1; 

SMOC2;CSRNP1;MS

TN;SLC9A3R1 
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GO:0072348 sulfur compound 

transport 

0.0091 SLC1A4; SLC9A3R1 

GO:0033002 muscle cell 

proliferation 

0.010 PDGFB; IGF1; MSTN 

GO:0048144 fibroblast proliferation 0.013 PDGFB; IGF1 

GO:0051270 regulation of cellular 

component movement 

0.014 STK24; 

PDGFB;IGF1;SMOC2

;MSTN;SLC9A3R1 

GO:0032101 regulation of response 

to external stimulus 

0.015 STK24; PDGFB; 

SMOC2;MSTN;MYO

Z1 

GO:0040012 regulation of 

locomotion 

0.016 STK24;PDGFB;IGF1;

SMOC2;MSTN;SLC9

A3R1 

GO:0060537 muscle tissue 

development 

0.017 CBY1;IGF1;MSTN;M

YOZ1 

GO:0040007 growth 0.023 IGF1;SERTAD2;ADN

P2;WDR48;MSTN;M

YOZ1 

GO:0051338 regulation of 

transferase activity 

0.023 STK24;TAB1;PDGFB

;IGF1;MSTN;SLC9A3

R1 

GO:0010648 negative regulation of 

cell communication 

0.028 CBY1;IGF1;NFATC1;

SFRP2;MSTN;MYOZ

1;SLC9A3R1 

GO:0023057 negative regulation of 

signaling 

0.029 CBY1;IGF1;NFATC1;

SFRP2;MSTN;MYOZ

1;SLC9A3R1 

GO:0006812 cation transport 0.036 SLC9A2;PDGFB;SLC

1A4;KCNG2;SLC34A

2;SLC40A1 

GO:0016311 dephosphorylation 0.037 TAB1;CTDP1;MYOZ

1;PPP2R2B 

GO:0072359 circulatory system 

development 

0.038 TAB1;PDGFB;CBY1;

IGF1;SMOC2;NFATC

1 

GO:0003012 muscle system process 0.040 LMOD2;IGF1;MYOZ

1 
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GO:0019725 cellular homeostasis 0.042 SLC9A2;SLC34A2;S

LC40A1;ORMDL1;M

STN 

GO:0023014 signal transduction by 

protein 

phosphorylation 

0.043 STK24;TAB1;PDGFB

;IGF1;MSTN 

GO:0051093 negative regulation of 

developmental process 

0.051 PDGFB;IGF1;NFATC

1;MSTN;MYOZ1 

GO:0050673 epithelial cell 

proliferation 

0.051 PDGFB;IGF1;WDR48 

GO:0000278 mitotic cell cycle 0.058 PDGFB;IGF1;SMOC2

;CTDP1;PPP2R2B 

 

Table 4.7.3. List of Gene Ontology (GO) terms considering all cellular components (CC) found within all 

candidate genes identified from the four components of interest (tenders, fillets, thighs, and drums). 

GO ID GO Term p-value Gene Names 

Cellular component: 

Tenders  

   

GO:0030496 midbody 0.055 CEP55;IST1 

Cellular component: 

Fillets  

   

GO:0030496 midbody 0.0042 KATNA1;DTNBP1;CTDP

1 

GO:0012506 vesicle membrane 0.023 IYD;DTNBP1;VAMP7 

GO:0044433 cytoplasmic vesicle 

part 

0.044 WDR91;IYD;DTNBP1;V

AMP7 

Cellular component: 

Thighs 

   

GO:0098858 actin-based cell 

projection 

0.011 UTRN;TENM2;SLC9A3R

1 
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GO:0031201 SNARE complex 0.0150 STX11;VAMP7 

GO:0042175 nuclear outer 

membrane-

endoplasmic 

reticulum membrane 

network 

0.015 KDELR3;DEGS2;ORMD

L1;VAMP7;DIO1;LRRC5

9 

GO:0016469 proton-transporting 

two-sector ATPase 

complex 

0.021 ATP5PF;ATP6V1D 

GO:0031984 organelle 

subcompartment 

0.024 KDELR3;DEGS2;ORMD

L1;VAMP7;TMEM59;DI

O1;B3GNT5;LRRC59 

GO:0044432 endoplasmic 

reticulum part 

0.027 KDELR3;DEGS2;ORMD

L1;VAMP7;DIO1;LRRC5

9 

GO:0030133 transport vesicle 0.044 STX11;SLC40A1;VAMP7 

Cellular component: 

Drums  

   

GO:0005581 collagen trimer 0.0183 C1QB;C1QA 

 

Table 4.7.4. List of Gene Ontology (GO) terms considering all molecular functions (MF) found within all 

candidate genes identified from the four components of interest (tenders, fillets, thighs, and drums). 

GO ID GO Term p-value Gene Names 
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Molecular Function: 

Tenders 

   

GO:0051020 GTPase binding 0.0071 DOCK9;FARP1;MCF

2L2;RABGAP1;RAL

GPS1 

GO:0044877 protein-containing 

complex binding 

0.025 MYOM1;IST1;DAB2

IP;NDUFA8;MRRF;

CRB2 

GO:0019842 vitamin binding 0.044 HLCS;RBP4 

Molecular Function: 

Fillets 

   

GO:0003682 chromatin binding 0.022 GABPA;JARID2;NF

ATC1;TP63 

GO:0003700 DNA-binding 

transcription factor 

activity 

0.026 GABPA;ESR1;JARI

D2;NFATC1;CSRNP

1;TP63 

GO:0140030 modification-

dependent protein 

binding 

0.026 TAB2;JARID2 

Molecular Function: 

Thighs 

   

GO:0050839 cell adhesion 

molecule binding 

0.016 IGF1;UTRN;TENM2 

GO:0000149 SNARE binding 0.031 STX11;VAMP7 

GO:0022857 transmembrane 

transporter activity 

0.037 KCNJ15;ATP5PF;KC

NS2;ATP6V1D;SLC2

5A29;ANO10;SLC40

A1 

Molecular Function: 

Drums 

   

GO:0005539 glycosaminoglycan 

binding 

0.05 SMOC2;MSTN 
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5 General Discussion  

The main objectives of this thesis were to provide a better understanding of meat quality 

parameters in turkeys and how they can be measured and assessed using technology such as 2D 

imaging and GWAS of carcass component weights. To accomplish these outline objectives, three 

studies were conducted outlined in Chapters 2 to 4.  

Chapter 2 describes the current state of turkey meat quality as well as the correlations among the 

different meat quality traits pertaining to the genetic line. We provided descriptive analyses for 

eight meat quality traits from three purebred lines. Through these analyses we found significant 

difference between the three genetic lines for several of the traits including color, pH, drip loss, 

and cooking loss. As the industry has shifted towards larger and leaner birds, we noticed that 

there were some unfavorable correlations between body weight and meat quality. This study can 

be used to benchmark the quality of meat originating from purebred lines and provide an 

accurate and up to date account of key production traits. As these trends of myopathies and poor 

meat quality increase, it is projected that these correlations could become much higher as quality 

of meat continues to decline.  

Based on the results gathered in Chapter 2, we hypothesized that the decline in meat quality is 

correlated to the weight of the component. In Chapter 3 we worked on a novel approach within the 

turkey industry to capture turkey component weights using a 2D imaging system. This chapter 
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highlights this novel approach of predicting carcass component weights, providing an accurate 

estimate that could be implemented in industrial turkey production. Weights from all birds were 

collected during actual processing, prior to imaging. Each of the images were analyzed, from 

which coordinates and areas were estimated. Using linear models, we were able to see that by 

including live weight, component area, component coordinates, and season of hatch there was a 

high correlation between observed and predicted breast weights at r= 0.92. However, there was an 

equally high correlation using a base model of live weight and breast weight (r=0.91).  

Unfortunately, these high correlations were not demonstrated when considering thighs or drums 

at r<0.60. The low correlation in the thighs and drums was due to the nature image collection/ 

image analysis, as we were only able to capture images from one angle. Any small rotations made 

by the shackled bird (carcass) at the time of image capture caused for variations in the coordinates 

and areas calculated. Similarly, we saw that due to the distance and angle of the camera the thighs 

were behind the breasts and therefore any estimations for leg proportions were difficult to measure 

effectively. Further research needs to be conducted on additional variables that will not only 

predict weight, as it is highly correlated to live weight, but potential meat quality traits. Future 

studies should consider thermal imaging, CT scans, and other technology.   

The final chapter (Chapter 4) of this thesis investigated genes associated to growth in the hopes 

to identify immune traits that may explain any muscular disorders or myopathies. By performing 

a genome wide association study (GWAS) and functional analysis. Six pathways containing 

immune traits were highlighted in response to the growth of carcass components. These 
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pathways gave insights into the cell and molecular processes that may be affected in each of the 

carcass components due to genetic selection for growth.  

5.1 Implications  

Overall, the results of the thesis have several implications for both the scientific community and 

the poultry industry. The findings in Chapter 2 provide information on meat quality and the 

parameters in which they are monitored. Findings demonstrate that there is an association 

between growth and declining meat quality. As we confirm that there is a trend of declining meat 

quality associated to growth, it is imperative that we monitor the growth of the bird to match 

consumer preferences. Using an imaging system could provide an efficient system for estimating 

the weights and corresponding meat quality for each component, however further research is 

required. Chapter 3 provides the framework for this initiative, as there were poor correlations for 

thighs and legs as well as predictive values can also be calculated accurately using liveweight 

alone. Given that we assessed meat quality and a method to assess weight using new technology, 

Chapter 4 assessed weight through a GWAS to identify potential immune traits associated to 

component growth. There were 6 KEGG pathways identified that can be further used for future 

breeding practices. These items give a good indication of environment changes and nutritional 

changes that could improve the quality of meat while still breeding predominately for growth.  
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