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Abstract 

 The current growth of pet ownership, coupled with the rise of pet humanization, has 

driven the integration of convenient materials repurposed into pet food products, particularly pet 

treats. Swine pluck (SP), a combination of heart, lungs, esophagus, and trachea offers a single-

removal unit that can be effectively utilized to manufacture pet treats. However, pet food 

manufacturers continue to seek ways to improve the product’s characteristics to satisfy both pet 

owners and their pets, influencing purchasing decisions. In this study, one experiment was 

conducted to assess the effect of dehydration time on physicochemical, textural, instrumental 

color changes post-production, and sensory attributes of jerky-style pet treats made with SP. 

Dehydration time impacted the characteristics of SP treats, with the lowest levels of moisture 

content and water activity observed after 7 h of dehydration. To achieve a water activity of 0.85, 

a minimum dehydration time of 5 h was required. Treats dehydrated for 7 h were found to be 

harder and stiffer, whereas those dehydrated for 3 and 4 h were the more flexible. Additionally, 

SP treats dehydrated for 6 and 7 h exhibited the highest firmness and toughness. Prolonged heat 

treatments also had a notable effect on the final color of SP treats. After 7 d of storage, SP 

samples dehydrated for 3 h were the lightest (L*), reddest (a*), and yellowest (b*) among 

treatments. Delta-E (∆𝐸) values were the highest between d 0 and 1 post-production, indicating 

color changes that were perceptible to the human eye. According to pet owners’ liking scores, 

dehydration time impacted the color, texture, and intent of purchase. However, pet owners did 

not differentiate between the samples in terms of appearance and the overall liking. Variations in 

dehydration time impacted both instrumental and sensory characteristics. Overall, SP can be 

effectively used to produce jerky-style pet treats, resulting in a shelf-stable product that meets the 

quality standards of the pet food industry.  
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1.1 Introduction 

The rise in animal protein consumption over the years have led to a projected 14% 

increase in demand by 2030, influenced by population growth and rising income levels (Food 

and Drug Administration 2021). As a result, parts of the animal not destined for human 

consumption can be repurposed and transformed into valuable materials for the pet food industry, 

thus typically known as co-products (Aldrich, 2006). For instance, using these co-products can 

be considered as a sustainable practice while producing new ingredients and products for 

different purposes (Henchion et al., 2016). Co-products offer several nutritional benefits 

considering their content of protein, vitamins, and minerals (Mullen & Álvarez, 2016).  

Co-products are widely used in the pet food industry (Lynch et al., 2018), influenced by 

growth in pet ownership, humanization of pets, and searching for premium ingredients for pet 

food production (Mullen et al., 2017). These materials can be exposed to high-temperature 

treatments to remove moisture, separate the protein from the fat, and eliminate microorganisms, 

making them safe for pet consumption (Meeker & Meisinger, 2015). While exposing this 

material cooking processes, the chemical composition of these materials changes, rendering them 

sources of protein, essential amino acids, fats, minerals, and vitamins (Aldrich, 2006).  

Heat treatments can also affect other aspects of meat products, such as texture and color. 

Therefore, denaturation of the protein can be a result of exposing meat products to heat, 

ultimately affecting the structure of the protein (Tornberg, 2005). This denaturation can have an 

effect in the water-holding capacity and moisture content of the product  (Zielbauer et al., 2016). 

Additionally, the myofibrillar proteins in meat shrink as a result of heat-induced denaturation 

(Ježek et al., 2019). Moreover, cooking processes can have a positive effect in meat products by 

increasing the shelf-life stability of the products at storage (Vinnikova et al., 2019).  



13 
 

As an indicator of shelf-life in dried products, water activity (aw) can help determine 

chemical reactions and microorganism associated with spoilage (Barbosa-Cánovas et al., 2020). 

Similarly, moisture content can be also measured in these products, which can be considered as a 

quality indicator (Collell et al., 2012). Texture is another quality parameter in meat-derived 

products. During cooking or drying methods, a product builds a less permeable membrane that 

can limit moisture removal, thus causing a harder texture in the product (Gou et al., 2005). 

Additionally, meat products exposed to heated treatments can experienced changes in flavor, and 

fluctuations in nutritional properties including vitamins and amino acids (Doymaz et al., 2016). 

With increases in the pet food market and the demand of high-quality pet food products, 

this industry is exploring alternatives to enhance some properties in the product such as texture 

(Koppel, 2014). The use of hydrocolloids in pet food products can potentially improve structural 

and binding properties for these products as well as increase their shelf-life and improve quality 

(Dainton et al., 2021). Hydrocolloids is a polysaccharide with multiple functions in products 

including thickening, coating, gelling, and others (Phillips & Williams, 2009). In terms of 

properties, hydrocolloids can impact the rheological and sensory properties that can influence 

consumer’s perception (Jayakody et al., 2023), the viscosity of the product (Varela & Fiszman, 

2011), emulsification properties (Tan & McClements, 2021), and thickening agents (Lu et al., 

2021).  

To meet the market standards for pet food, manufacturers must consider quality 

parameters that can drive purchasing decisions among pet owners. According to literature, 

various parameters can influence these decisions, such as the level of involvement, effort and 

interest of owners during pet food selection (Morelli et al., 2021), nutritional benefits for their 

pets (Rogues et al., 2022), processing methods involved in the manufacturing process (Rombach 
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& Dean, 2021a), and cultural eating behaviors driven by pet owners (Vinassa et al., 2020). 

Another aspect that can influence the intent of purchase in pet food are the ingredients and the 

price (Schleicher et al., 2019), therefore among all parameters influencing purchasing decisions, 

pet owners will emphasize on the composition of the food, including food manufactured with 

natural ingredients, amount of protein, and containing vitamins and minerals that will be 

beneficial to their pets health (Vinassa et al., 2020).   

While determining the quality of a pet food product, a sensory evaluation which is a 

technique developed to evaluate the product’s attributes using human senses can be employed in 

this market (Ruiz-Capillas & Herrero, 2021). Different types of sensory tests can be used to 

determine food product characteristics, including affective, discriminative, and descriptive tests. 

The selection of the appropriate test depends on factors like product type, panel size, target 

audience, and relevant statistical parameters (Meilgaard et al., 2016).  

A sensory evaluation performed in pet food can be used to determine changes in the 

formulation, inclusion of a new ingredient, and improvements in the processing methods (Koppel 

et al., 2015). Conducting sensory studies in pet food products can be challenging since pet 

owners, not pets, are the ones purchasing the products. Thus, sensory tests must assess 

characteristics appealing to owners while ensuring satisfaction for their pets (Rogues et al., 

2022). Pet food characteristics such as appearance, texture, flavor, and aroma can be assess by 

either humans or instruments, while preference tests or consumption are conducted using the pets 

themselves (Koppel, 2014). Ultimately, sensory evaluation and palatability tests provide valuable 

insights into the acceptability of pet food products for both owners and their pets (Di 

Donfrancesco, 2016).  
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1.2 Overview of the pet food industry 

Globally, the pet food industry has been undergoing significant growth, according to 

recent data reports. In 2023, the market revenue reached $120.87 billion, with projections for 

2024 rising to $126.66 billion. Furthermore, the industry is expected to continue its expansion, 

with revenues projected to reach $195.63 billion by 2032. The expansion of the middle class in 

certain regions has also driven substantial growth in pet ownership across Latin America, Asia 

Pacific, Middle East, Africa, and Eastern Europe (Fortune Business Insights 2024).  

Over the past 5 years, the pet food industry in the United States has experienced 

substantial growth. The American Pet Products Association (APPA) report spanning from 2018 

to 2023 indicates a 43.8% in total U.S. expenditures within the pet food sector (APPA, 2023). 

According to the same data, the projected sales for 2024 amount to $150.6 billion, with $66.9 

billion allocated for pet food and treats in the U.S. market. This projection represents 44.4% of 

total sales.  

The pet food market is anticipated to exhibit a Compound Annual Growth Rate (CAGR) 

of 5.77% between 2024 and 2028, with projected revenues in the U.S. reaching $58.42 billion in 

2024 (Statista, 2024). In addition to revenue growth, the increase of pet ownership significantly 

contributes to the expansion of the pet food market, with 82 million households owning a pet. 

When categorizing pet ownership by species, 58 million households have a dog, and 40 million 

households have a cat, making them the most prevalent pets in the U.S (APPA, 2024).  

 Data on pet ownership across generations holds significance for pet food manufacturers 

and retailers. In this context, millennials comprise 32% of pet ownership, followed by 27% for 

Generation X, and 24% for baby boomers (APPA, 2024). Conversely, Generation Z owners are 
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distinguished by their inclination to have a varied array of pets, and propensity to spend more on 

specialized pet food products, including birthday cakes for their pets (Megna, 2024). Pet owners 

consider their pets as members of their family; in fact, 63% of American owners affectionally 

labeled their companions as their “fur kids” (Rauktis et al., 2017). Align with this findings, 77% 

of dog and cat owners perceived their companion animals as family members (Mcconnell et al., 

2019). This bound between pet owners and pets is another factor leading the pet food market 

growth (Kumcu & Woolverton, 2015).  

 Pet humanization is another factor that can influence the growth of the pet food market 

and the importance of ingredients in pet food products (Fortune Business Insights 2024). As pets 

become increasingly humanized, owners tend to align their own lifestyle trends with those of 

their pets, seeking similar nutritional options for their companion animals (Schleicher et al., 

2019). In fact, many pet owners are willing to make significant financial and personal sacrifices 

to ensure the well-being of their pets (Kylkilahti et al., 2016).  

A study performed in dog owners revealed that individuals who prioritize healthy eating 

for themselves are more likely to provide nutritious food for their dogs (Jyrinki & Leipamaa-

Leskinen, 2006). Consequently, the pet food industry is responding by developing products that 

prioritize pet health and nutrition to align with the current market demand (Carter et al., 2014).   

1.3 Uses of co-products in the pet food industry 

The current demand in the pet food industry has led to the seek for animal-based protein 

alternatives to be used in the manufacturing of pet food products (Aldrich, 2006). Co-products 

are the most common products used in pet food formulation, based on their high-quality, 

environmental friendly, and affordable ingredient not desired for human consumption (Meeker & 
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Meisinger, 2015). These co-products can include fat, abdominal and intestinal contents, skin, 

organs, feet, bone, and blood from different animals such as chicken, beef, pigs, and lambs 

(Jayathilakan et al., 2012).  

Transforming those co-products into higher-value alternatives could result in the creation 

of a sustainable and profitable ingredient with potential applications across various industries, 

including pet food and animal feed (Toldrá et al., 2021). These animal processing co-products are 

not only cost-effective but also richer in essential nutrients, such as amino acids and proteins, 

when compared to traditional meat products (Álvarez et al., 2018). As highlighted by Anzani et 

al., 2020, co-products like heart, kidney, liver, thymus, tripe, and brain have the leading amount 

of consumption among other co-products for human consumption (Anzani et al., 2020).  

Co-products,  also known as offal, are defined by the United Nations as any part of the 

animal that is not classified as red or white muscle meat (Nations, 2015). During animal 

processing, in terms of live weight, 59% of the cattle weight, 44% of the pigs weight, and 47% of 

the chickens weight is not intended for human consumption (Aldrich, 2006). These non-meat 

components, produced during the meat processing, are known as co-products, which large 

quantities can be generated in a daily basis (Lynch et al., 2018).   

Alternatives processes like rendering have been employed to repurpose non-edible 

materials from meat processing, thereby reducing the landfill usage, carbon emissions, food 

waste, and significantly cutting greenhouse gas (GHC) emissions (Wilkinson & Meeker, 2021). 

Rendering is widely recognized as a recycling practice that adds value by converting these 

materials into new and useful products (Meeker & Meisinger, 2015). Rendering systems are 

designed to cook the product, causing a separation of fat and protein. After cooking, the product 

is dried to reduce moisture content (Meeker, 2009). 
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Maintaining control over microbial load through proper temperature and timing during 

the rendering process can be crucial to ensure the pets’ health during consumption. The 

recommended temperature range for effective microbial control during rendering is between 115 

and 146 °C (Vidyarthi et al., 2021). However, studies have shown that some pet owners 

perceived negatively the taste and texture of ingredients derived from offal (Henchion et al., 

2016). On the other hand, once the product’s appearance and physical form are modified, owners 

tend to recognize its benefits and characteristics more positively (Mullen et al., 2017).  

As previously stated, various co-products from different species can be redirected to be 

used in rendering for pet food. In particular, the combination of heart, lungs, esophagus, and 

trachea (excluding the thyroid gland) can be efficiently utilized in the production of pet treats, 

due to the simplicity of single-step removal during swine processing. In recent years, the FDA 

has expressed concerns regarding the presence of thyroid hormones in pet food, as outlined in 

their official communications with members of the pet food industry (Rotstein et al., 2021).  

Certain product recalls have highlighted the issue, including a 2018 voluntary recall by 

Dave’s Pet Food due to elevated levels of thyroid gland in premium beef cans (FDA, 2020). 

Similarly,  J.M. Smucker issued a recall in 2018 after thyroid gland contamination was 

discovered in Milo’s Kitchen pet treats, causing health concerns among pet owners (FDA, 2018). 

In conclusion, transforming animal co-products into high-value ingredients through processes 

like rendering offers a sustainable and cost-effective solution for the pet food industry.  

1.4 Chemistry and uses of hydrocolloids in the pet food industry 

 The increasing demand of pet food products in the pet food industry has driven efforts to 

enhance the texture of products by incorporating various ingredients to optimize the final texture 
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(Koppel et al., 2015). The inclusion of hydrocolloids in the system could improve the structural 

and binding properties of the pet food products (Dainton et al., 2021). Hydrocolloids are 

commonly used in food products to enhance quality and extend shelf-life. Therefore, it is 

essential to understand how they interact with other components, such as meat products, when 

developing new pet food formulations (Saha & Bhattacharya, 2010).  

 Hydrocolloid is a Greek terminology with hydro meaning ‘water’ and colloid meaning 

‘glue’ (Wüstenberg, 2015). It is known as a long-chain of polymers with a particular property of 

being dispersed in water (Milani & Maleki, 2012). This can be attributed to chemical properties 

of hydrocolloids, which contains a large amount of hydroxyl groups, providing greater binding 

properties with water (Li & Nie, 2016). Hydrocolloids is define as a variety of polysaccharides 

and proteins with functional properties such as thickening, coating, gelling, emulsifying, and 

stabilization (Phillips & Williams, 2009). Plants and seaweeds are commonly used for extracting 

hydrocolloids, some examples of hydrocolloids are locust bean gum, guar gum, carrageenan, and 

agar (Goff & Guo, 2019).  

 Hydrocolloids modify the rheological and sensory properties of food thus ultimately 

impacting consumer perception (Jayakody et al., 2023). A proper selection of hydrocolloids can 

be influence by their functional properties and processing methods of food items (Seisun & 

Zalesny, 2021). Viscosity, in relation to these characteristics, can be described as the resistance to 

flow (Bourne, 2002). Furthermore, the effectiveness of hydrocolloids in terms of viscosity can be 

attributed to both their concentration and the specific type used (Varela & Fiszman, 2011).  

 Another functional attribute of hydrocolloids is gelation, which occurs through the 

formation of a polymer chain network, leading to the creation of a three-dimensional structure 

(Saha & Bhattacharya, 2010). This structure is formed by the aggregation of primary interchain 
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connection, which culminates in the creation of junction zones essential for network 

development (Banerjee & Bhattacharya, 2012). Typically, these junction zones incorporate 

various non-covalent bonds including ionic bonding, hydrogen bonding, van der Waals 

attraction, and hydrophobic interactions (Nishinari et al., 2000). The configuration of junction 

zones can be influenced by different factors, such as the presence of ions, inherent structure, and 

temperature (Burey et al., 2008).  

 Hydrocolloids can additionally offer emulsifying attributes to food items. An emulsion is 

described as the mixture of two immiscible phases, this includes continuous and disperse phases 

(Tan & McClements, 2021). In food products, restructured food products are identified as co-

products that undergone processing to transform into a new product with enhanced 

characteristics, including texture and appearance (Moreno et al., 2016). In restructured meat 

products, myofibrillar proteins, particularly actin and myosin, play an important role in gelation 

and binding during exposure to heat treatments (Ramírez et al., 2011).  

Certain ingredients, such as thickening agents, can be added into the formulation of 

restructured foods, specifically hydrocolloids (Lu et al., 2021). The addition of hydrocolloids, 

particularly to restructured meat like duck skin can enhance cohesiveness, and reduce the 

cooking loss (Saengsuk et al., 2022). Restructured products currently in the market include those 

intended for human consumption, along with those utilized in animal feed and pet food 

(Nordgård & Draget, 2021). Furthermore, understanding the influence of the pet food industry is 

crucial for determining the appropriate hydrocolloid to be utilized as an ingredient in pet food 

products.  
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1.5 Cooking methodologies 

 Cooking methods play a crucial role in meat processing, as it help control microbial 

growth by eliminating pathogens while enhancing meat quality (Pathare & Roskilly, 2016). The 

digestibility and edibility of meat products also improve through cooking (Białobrzewski et al., 

2010). Additionally, different cooking techniques can positively impact the texture and flavor of 

meat, making it essential to choose a method that optimizes these quality parameters (King & 

Whyte, 2006). Exposing meat products to high temperature during cooking can denature 

proteins, resulting in structural changes within the product (Tornberg, 2005).  

 Protein denaturation affect the main components of the muscle such as myosin, 

sarcoplasmic protein, collagen, and actin depending on thermal exposition (Ishiwatari et al., 

2013). During the cooking process, the native structure of proteins can undergo changes, 

affecting the texture of the meat. Moreover, when meat is exposed to high cooking temperatures, 

water loss occurs, which influences its water-holding capacity. Consequently, the denaturation of 

proteins can have either a positive or negative on the product’s moisture content (Zielbauer et al., 

2016). 

 Another effect that meat products undergo during the cooking process is the shrinkage of 

the myofibrillar proteins due to denaturation (Ježek et al., 2019). In food products, water can be 

categorized as free, entrapped, or bound. Specifically, the water content in meat muscles is 

mostly in free state, while a smaller amount of water remains in connective tissues. During heat 

processing, the bound water of a meat tissue is not entirely removed from the muscle fiber 

(Ahmad et al., 2018). Furthermore, exposing meat samples to heat not only improves flavor and 

taste, but also extends shelf stability during storage (Vinnikova et al., 2019).  
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 In terms of meat cooking, several measurements can be used as indicators of the 

product’s shelf life. Moreover, water activity (aw) serves as an indicator of microbial and 

chemical processes associated with spoilage, that are unpleasant in food items (Beňo et al., 

2023). In other words, aw  helps determine a product’s stability, microbial reactions, and which 

microorganisms may be present depending on the water activity level (Barbosa-Cánovas et al., 

2020). Moisture content is also a critical indicator of quality in meat products. Some companies 

have adopted fast detection methods to control and monitor food products (Collell et al., 2012).  

 At the time of dehydration and cooking processes, meat products can build a crust on 

their surface, resulting in differences in moisture and water activity values between the surface 

and the inner sections of the meat. (Serra et al., 2005). This crust generate changes in the sensory 

characteristics of the product, providing a harder texture and creating a less permeable membrane 

layer that prevents moisture removal (Gou et al., 2005). In meat processing, different heating 

methodologies, such as oven cooking and dehydration, can affect a meat product characteristic 

depending on the setting and parameters used. 

 Oven cooking is commonly used in food products, especially within food service 

establishments and industrial food production (Mora et al., 2011). During oven cooking, the meat 

can be heated up to 250 °C (Alfaifi et al., 2023). At this temperature, microbial and quality 

parameters can be subjected to changes (Goñi & Salvadori, 2010). While cooking in ovens, 

critical parameters such as temperature, time, and food composition must be carefully controlled 

(Pathare & Roskilly, 2016). For instance, exposing meat to higher temperature rates can reduce 

cooking time and improve color and flavor parameters. Nonetheless, it may compromise other 

quality parameters, resulting in less tender and juicy meat samples (Rinaldi et al., 2010).  
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 Another heating method used in meat processing is dehydration, which involves 

removing moisture using continuous hot air flow. Due to the exposure to high temperature, 

drying can inactivate microorganisms and chemical components that can contribute to spoilage. 

Drying is commonly used in the food industry, including method such as hot air, freeze drying, 

and others (Elmas et al., 2020). Innovations in drying techniques, such as improvements in 

mechanical drying has largely replaced traditional sun-dry techniques (Moses et al., 2014). 

 In meat products, conventional drying can increase the shelf life by lowering water 

activity values. Moreover, another advantage of this process is during transportation, considering 

the final product is reduced in weight and volume. However, some disadvantages include 

changes in color, flavor, as well as decreasing nutritional properties such as vitamins and amino 

acids present in food products (Doymaz et al., 2016). Therefore, selecting the appropriate 

methodology for drying meat products is crucial to maintaining the integrity of the final product. 

These characteristics can play a crucial role by influencing purchasing decisions of meat 

products, particularly those produced for companion animals. 

1.6 Intent of purchase among pet owners 

 Pet owners involvement in purchasing pet food influences the level of effort and interest 

they invest in the process (Morelli et al., 2021). When selecting pet food, owners base their 

decisions on various product characteristics, with one of the main parameters being the 

nutritional aspect that ensures their pet’s health (Rogues et al., 2022). Another important 

parameter evaluated by pet owners regarding food items are associated with the production and 

processing methods (Rombach & Dean, 2021a). Furthermore, eating behaviors based on social 

and cultural practices among pet owners can also impact the pet owner’s selection and 

purchasing decisions for pet food (Vinassa et al., 2020).  
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 Pet owners knowledge regarding ingredient safety, nutritional requirements, and reliable 

information resources also plays a role in influencing their decisions (Michel et al., 2008). Pet 

food characteristics including ingredients, price, and quality have a great importance for pet 

owners (Schleicher et al., 2019). Several studies have supported the importance of ingredients in 

pet food among pet owners as the main factor influencing their decisions (Boya et al., 2015; 

Simonsen et al., 2014). The relationships between owners and their pets, including the trend of 

pet humanization, has led to a transfer of human feeding to preferences for pet food products 

(Chen et al., 2012). Emphasizing in this human-animal bond, owners are having strong 

relationships with their pets, this resulting in purchasing specialized and premium food for their 

pets (Bontempo, 2005). Furthermore, owners who prioritize healthy food for themselves are 

more likely to purchase healthier food for their pets (Jyrinki & Leipamaa-Leskinen, 2006).  

 Commercial brands and price are also crucial factors when selecting pet food products. 

One study found that owners who were loyal to brands and responsive to price changes in their 

own food tend to follow a similar behavior when selecting food items for their companion 

animals (Chen et al., 2012). A growing trend of caring for pet food are influencing purchasing 

decisions, with owners prioritizing quality over than price (Boya et al., 2015). When determining 

the quality of pet food, owners pay close attention to the composition of the food. For instance, 

owners search for products made with natural ingredients, provide health benefits, are organic, 

have high protein content, and have other beneficial information for their pets (Vinassa et al., 

2020).  

 According to studies evaluating socio-demographic characteristics and its influence on 

purchasing decisions among pet owners shown mixed results. Some studies have found that 

factors including gender, age, income did not affect purchasing choices, while others observed 
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that these factors directly influenced the selection of pet food and other items for pets (Rombach 

& Dean, 2021b). When selecting pet food items, various characteristics must be considered, and 

some parameters may be more critical than others, depending on the personal choices of pet 

owners.   

1.7 Sensory evaluation in food products 

 Sensory evaluation is technique used to assess a product’s attributes, such as texture, 

color, appearance, aroma, and more, as distinguished through the 5 human senses: sight, smell, 

touch, taste, and hearing (Ruiz-Capillas & Herrero, 2021). In descriptive analysis during sensory 

evaluation, human subjects are considered instruments, however, they can vary over time, among 

individuals, and highly susceptible to bias. To obtain reliable and trustworthy results, subjects 

must undergo training, validation, calibration, and screening process (Meilgaard et al., 2016). 

Since instruments cannot provide the emotional and psychological responses that humans can, 

sensory evaluation is valuable for understanding the characteristics of food products (Singh-

Ackbarali & Maharaj, 2014).  

 In terms of sensory evaluation, 3 main types of tests are mainly used to evaluate food 

items, including affective, discriminative, and descriptive analysis. In affective tests, studies aim 

to determine the level of liking or disliking that consumers have for a particular product. During 

sensory evaluation, consumers’ scores on liking and preferences can influence the outcomes 

(Torrico et al., 2018). Additionally, an effective test can evaluate the intent of purchase and 

product acceptance using a hedonic scale. This scale measures participants’ perception of a 

product by assigning numerical values to their responses, where 1 represents “extremely dislike” 

and 9 represents “extremely like”. These values provide useful feedback for product 
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development. When evaluating intent of purchase using this type of test, over 100 participants 

are normally recruited to evaluate the product (Ruiz-Capillas & Herrero, 2021).  

 Discriminative tests in sensory evaluation are performed to detect variations among 

products. This testing technique is employed to identify minor modifications in the formulation 

or changes during processing methods (Vivek et al., 2020). Typically, the most common 

discrimination tests in sensory include the triangle test, duo-trio test, paired comparison test and 

ranking test (Torrico et al., 2018). For discrimination tests, panelists should not be experts on the 

products, and the number of participants is smaller compared to hedonic tests (Rousseau, 2015).  

 Moreover, descriptive tests in sensory analysis are used to evaluate in detail a product’s 

characteristics in detail, such as aroma, color, texture, flavor, appearance, and more, by 

describing both quantitative and qualitative properties. In terms of quantitative properties, the 

intensity of each characteristic can be measured by using an intensity rating scale (Vivek et al., 

2020). When conducting descriptive tests, panelists must be trained and have some level of 

sensory accuracy (de Cássia dos Santos Navarro da Silva et al., 2012). Training typically requires 

developing a specific descriptive language that panelist can apply when scoring a food item 

(Ray, 2021). The introduction of faster evaluation techniques in descriptive test has made this 

analysis more flexible, customizable, and efficient (Marques et al., 2022).  

 In the sensory evaluation of food products, a variety of tests can be use depending on the 

aim of the study to determine differences or similarities between products (Ruiz-Capillas & 

Herrero, 2021). When selecting the appropriate test to evaluate sensory characteristics, factors 

such as type of product, target audience, sensory attributes of the product, panel size, and 

relevant statistical parameters need to be considered to choose the correct sensory analysis 

(Meilgaard et al., 2016). Additionally, sensory evaluation is a powerful tool used in the food 
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industry to assess quality parameters and identify improvements in the processes to potentially 

increase efficiency (Świąder & Marczewska, 2021).  

1.8 Sensory evaluation in pet food 

  Sensory characteristics evaluated in pet food can have an effect on the formulation 

ingredients, the use of palatants, and the selection of appropriate processing methods (Koppel et 

al., 2015). Since the final consumer of pet food is not the purchaser, pet food parameters must 

appeal to the owner to encourage repeat purchases. Likewise, pet owners seek to strength the 

human-pet bond by providing a sensory experience that satisfy their pets during consumption 

(Rogues et al., 2022).  

 Pet owners act as intermediaries between pet food and their pets, evaluating the 

acceptability of the product. If certain characteristics of the pet food do not meet the owners’ 

standards, they are unlikely to offer it to their pets (Chanadang et al., 2016). Sensory attributes 

such as appearance, texture, and aroma are essential factors that influence the acceptability of pet 

food for both pets and owners. By analyzing this sensory information, manufacturers can identify 

consumer preferences and develop pet food products that appeal to both pets and their owners’ 

expectations (Koppel, 2014).  

 Sensory evaluation of pet food can be evaluated using either humans or animals, 

depending on the objective of the project. When evaluating pet food parameters such as 

appearance, texture, flavor, and aroma, both humans and instruments can be used. However, for 

consumption or preference tests, these analyses are performed with animals (Koppel, 2014). 

Various instruments used to evaluate sensory characteristics in pet food include gas 

chromatography, mass spectrophotometry, high-performance liquid chromatography, electronic 
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nose and tongue systems, and instrumental texture analysis (Koppel, 2014). A descriptive test can 

be conducted using human panelists, and although human sensory perceptions may differ from 

those of pets, this data can be valuable to understand owner’s acceptability of a pet food product 

(Di Donfrancesco, 2016).  

 Regarding pet owners’ sensory evaluation of pet food, studies have been conducted to 

determine factors influencing liking scores and purchasing decisions (Di Donfrancesco et al., 

2012; Gomez Baquero et al., 2018; Pickering, 2009). Another common test performed in pet 

food research is the palatability test, which refers to the sensory response produced during 

consumption. Based on a previous study, palatability can be influenced by previous exposure to a 

product (Bradshaw, 2006). In palatability test, feed intake is commonly measured to assess 

acceptability and preference among pet food products, commonly through 1-bowl test and 2-

bowl test (Di Donfrancesco, 2016).  

 A one-bowl test involves measuring food intake over a set period to assess product 

acceptance, by comparing the initial weigh of food provided to the animal with the leftover 

amount in the bowl. When conducting this test, normal feeding parameters can be monitored 

daily or over a 5-day period, either in a home-used test or a kennel setting (Aldrich & Koppel, 

2015). Additionally, a two-bowl test is performed by offering the animal two options 

simultaneously for a specified time, and then measuring the consumption from each bowl to 

determine preference (Di Donfrancesco, 2016). It is recommended to conduct the test using 20 

animals over a period of 2 to 4 d to obtain more accurate results, and animals should be adapted 

to the environment conditions (Aldrich & Koppel, 2015).  
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2.1 Abstract 

With the increasing humanization of pets and their roles as integral family members, the 

pet food and treat market continues to expand annually, with a compound annual growth rate 

(CAGR) of 5.26% from 2024 to 2029. Meat animal processing co-products are often sold at a 

low value for the rendering process. On average, 44% of the pig’s live weight is considered offal, 

often undervalued animal processing co-products. The pet food industry utilizes these co-

products as a rich protein source for pet food and treats. Consequently, swine pluck (SP), a 

combination of heart, lungs, esophagus, and trachea (without the thyroid gland), can be included 

as a protein source in pet food and treats due to its convenient single-unit removal during 

processing. Sensory parameters such as texture and color can play a major role in the purchasing 

decisions of pet owners. Therefore, quantitative data on sensory parameters can be used to assess 

the suitability of a new product for the market when combined with pet owner preference 

information. The aim of the study was to determine the effect of dehydration time on various 

organoleptic characteristics, such as physicochemical, textural, and color parameters, on jerky-

style treats made with SP. For sample preparation, raw SP was ground using a 4.76-mm grinder 

plate, mixed with sodium alginate (1%) and encapsulated calcium lactate (0.85%), extruded into 

jerky strips, and refrigerated for 16 h at 4 ºC to allow product gelation. Then, 76.2-mm jerky strip 

samples were dehydrated at 68 ºC for five different dehydration times (3, 4, 5, 6, and 7 h). For 

data collection, n ≥ 8 samples were used in each analysis. The AOAC 950.46 moisture content 

method was used to determine moisture content (MC). Water activity (aw) was measured using 

an Aqualab 4TE water activity meter. A TA-HD plus C texture analyzer was used to conduct a 3-

point-bend (3PB) test using a TA-43R probe and a shear force (SF) test using a TA-42 45° angle 

chisel blade probe. Data were analyzed as a 1-way ANOVA for texture and physicochemical 
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parameters using the GLIMMIX procedure of SAS ver. 9.4 with means separated at P ≤ 0.05. As 

expected, MC and aw decreased linearly as dehydration time increased and were lowest in the 7 h 

treats (P < 0.0001). Based on 3PB parameters, samples dehydrated for 7 h were the hardest (P < 

0.0001) and stiffest (P < 0.0001). Meanwhile, based on SF, the SP product flexibility was 

greatest following 3 or 4 h of dehydration (P < 0.0465). The 6 and 7 h SP samples were firmer (P 

< 0.0001) and tougher (P < 0.0001) than their 3 and 4 h counterparts. Overall, SP can generate 

shelf-stable jerky-style pet treats with varying textural characteristics depending on dehydration 

time, providing value to the meat and pet food industries. Future work will assess pet owners’ 

preference for SP treats with different textural characteristics.  

2.2 Keywords: Moisture content, water activity, three-point bend, shear force, pet treats, co-

products 
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2.3 Introduction 

 Globally, the United States has been considered the third largest consumer and producer 

of pork. Nonetheless, in recent times, the U.S. has ascended to become the second-largest pork 

meat exporter (USDA, 2024). During pork processing, only around 56% of a pig’s live weight is 

intended for human consumption. The remainder processing co-products are typically not used 

by the meat industry and are often redirected to the rendering industry. Rendering involves 

converting various animal processing co-products into animal protein meals through chemical 

and physical processes (Aldrich, 2006). These co-products are considered a rich source of 

protein, lipids, vitamins, and minerals (Mullen et al., 2017).  

  Swine pluck (SP), a co-product of pig processing, can be removed from the carcass as a 

single unit, offering a convenient method for processing plants. Swine pluck combines the lungs, 

heart, esophagus, and trachea, excluding the thyroid gland. The FDA has raised concerns about 

the safety of thyroid hormones in pet food, as highlighted in official communications to pet food 

industry members (Rotstein et al., 2021). Transforming co-products, such as SP, into more 

valuable products could reduce waste generation, making the meat industry more profitable and 

sustainable (Toldrá et al., 2021).  

Some organs can be utilized for pet food and rendering; numerous non-edible co-products 

can be further explored for use in pet food  (Shirsath & Henchion, 2021). The pet food industry 

is under continuous changes due to market trends. Increase in pet ownership combined with the 

humanization of pets, has led to a rise in the production of pet food and treats resulting in owners 

spending more time with their pets, and buying more pet food (IBISWorld, 2023).  
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As reported by the Association of Pet Products (APPA), 66% of households in the U.S., 

or approximately 89.1 million homes, owned a pet in 2023 ((APPA), 2023). The pet food and 

treat market has expanded annually, with a compounds annual growth rate (CAGR) of 5.26% 

from 2024 to 2029. Various market trends can influence purchasing decisions. One trend among 

pet owners is the emphasis on pet food's nutritional aspects, driven by their perception of 

themselves as pet parents. Incorporating specialized and innovative ingredients in the production 

process can be vital for the pet food industry (Watson et al., 2023). A study conducted with pet 

owners found that 43.6% were willing to buy healthier food for their pets than for themselves, 

indicating that owners prioritize their pets' health (Schleicher et al., 2019).  

Pet owners are constantly seeking ways to strengthen their bond with their pets. Offering 

treats not only enhances their emotional connection but also facilitates the mutual expression of 

affection (Nielson et al., 2024). Approximately 77 to 94% of pet owners regularly provide treats 

to their pets. Given this high demand, manufacturers often employ thermal treatments to enhance 

production factors such as shelf life and texture (Oba et al., 2022). Drying preserves a product by 

reducing its water activity and moisture content, thus enhancing its stability. However, in meat, 

this process causes protein shrinkage, forming moisture channels for evaporation, leading to 

dryness and smaller size. Prolonged drying can also increase meat hardness (Lim et al., 2012; Shi 

et al., 2021).  

Controlling water activity during the dehydration process is essential for maintaining 

product stability. For jerky products, aw should be 0.85 or below to avoid microorganism growth 

and enhance stability (Juneja et al., 2016). The moisture content of jerky also plays a role in 

growth of microorganisms (Ku et al., 2013). The drying temperature and speed greatly influence 

the texture of a product. Elevated temperatures and rapid drying can lead to more pronounced 
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changes, such as increased hardness due to more water being eliminated. Conversely, if the 

product does not shrink, the surface will have a porous and smoother texture (Guiné, 2018). 

Hydrocolloids, are commonly employed to improve the appearance and texture of food products. 

In restructured products, selecting the appropriate hydrocolloids and the inclusion rate is 

essential to achieving the desired physicochemical properties (Presume et al., 2022). 

The texture of pet food is a significant factor influencing pet owners’ perception of their 

pet’s meals. A study has found that appearance can affect owners’ preferences (Di Donfrancesco 

et al., 2014). Shear force is generally used in texture analysis to determine the meat tenderness in 

a product (Baldassini et al., 2021). On the other hand, a 3PB test measures the bending or 

flexibility properties of a product, by measuring the hardness to break or fractures during the 

breaking process (Stable Micro Systems, 2024).  

Despite pet food not being meant for human consumption, pet owners made the initial 

approach and acceptance of the product (Delime et al., 2020). However, data on quantitative 

parameters in pet treats is limited and typically reserved for internal use by the manufacturer. 

This study aims to analyze the effects of dehydration time on the physicochemical and textural 

properties of jerky-style pet treats made with swine pluck.  

2.4 Materials and Methods 

 

2.4.1 Raw materials and preparation of ingredients 

 Swine pluck (SP) was the primary ingredient in formulating jerky-style pet treats for this 

study. SP combines the trachea, heart, lungs, and esophagus removed as a single unit during 

processing. The thyroid gland was removed from each SP used for this experiment. Raw SP was 

collected in the Lambert-Powells Meats Lab at Auburn University, and the product was stored at 
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-20 °C to prevent deterioration. SP was thawed at 4 °C for 48 h prior to grinding through a 4.76-

mm-diameter plate using a commercial mixer 20 Qt meat grinder (Avantco equipment, China).  

2.4.2. Inclusion of the structure forming technology 

 A combination of 1% sodium alginate (SA; Tilley Distribution, Waldo, ME, United 

States) and 0.85% encapsulated calcium lactate (ECL; Balchem, 52 Sunrise Park Rd, New 

Hampton, NY, United States) were mixed with the total amount of ground raw SP. The mixture 

of SA and ECL was referred to as ALGIN. According to the Food and Drug Administration 

(FDA), 1% of SA is considered the highest permissible level of SA inclusion in meat products 

for human consumption (FDA, 2023). For the sample mixture, half of the SA was added and 

mixed at a low speed for 30 s, then increased to a fast speed for another 30 s. Subsequently, the 

second half of the SA was added, following the same mixing process. Similarly, ECL was added 

following the previous mixing process.  

2.4.3 Extrusion and dehydration of the samples 

 Ground SP mixture was extruded into jerky strips using a 38.1-mm wide single-strip 

nozzle probe, then covered with plastic wrapped to prevent moisture from being loss and 

refrigerated at 4 °C for 16 h to allow product gelation. The long jerky strips were cut into shorter 

pieces of the desired length (approximately 76.2 mm). For the dehydration process, the 

dehydrator oven (KWASYO Food Dehydrator Machine, China) was pre-heated to its maximum 

temperature (90 °C) for 8 min. Jerky-style strips were transferred to metal racks and placed into 

the pre-heated dehydrator. The temperature of the dehydrator oven decreased to 68.3 °C, and 

samples were collected hourly (3 to7 h) until dehydration was completed. After samples 

accomplished 7 h of dehydration, water activity (aw) equal to or less than 0.85 was achieved.  
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2.4.4 Moisture content  

 The jerky-style pet treats' moisture content (MC) was calculated using the gravimetric 

moisture determination method. The AOAC 950.46 methodology was employed to measure the 

MC of the samples (AOAC official method 950.46). For this method, a total of 8 samples per 

dehydration time were weighed and placed in metal trays. After recording the weight of each 

sample, the samples were placed in a pre-heated convection oven at 125 °C for 2 h. This was 

followed by a cooling step, where the samples were placed into plastic desiccators containing 

desiccants for 1 hour. Subsequently, each dehydrated sample was weighted, and the moisture 

content was determined using the following formula: 

MC= 
w-d

w
×100 

 In the previous formula, w indicates the weight of the jerky-style pet treat before the 

drying process, and d indicates the weight of the jerky-style pet treats after the drying process.  

2.4.5 Water activity 

 Water activity (aw) was measured on dehydrated jerky-style samples to ensure the 

appropriate reduction of free and non-bound water in the product and to inhibit microbial growth 

in the samples using an AQUALAB 4TE water activity meter (Pullman, WA, United States). For 

this test, aw cups were filled with approximately 3.5 to 5.0 g of chopped product until it covered 

the bottom of the cup. The temperature of the samples was < 25 °C to ensure appropriate water 

activity readings. The equipment was calibrated using saline standards of 0.760 to 0.920 aw. A 

total of 8 samples per dehydration time were analyzed for water activity.  
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2.4.6 Three-point bend 

 A three-point bend test (3PB) was conducted using a TA-HD Plus C texture analyzer, 

which was equipped with a 50-kg load cell and a TA-43 round blade (Stable Micro Systems, 

Lammas Rd, Godalming, United Kingdom). The test was performed with the following settings: 

test speed set to 1 mm per s, trigger force was set to 12 g, and the distance between the pillars 

was set to 22 mm. All parameters were measured in a single-cycle compression. A total of 24 

samples per dehydration time were evaluated for 3PB test. The test measures hardness (g), 

denoted as the maximum force required to break the sample, flexibility (mm), defined as the 

distance covered by the sample before it fractures, and stiffness (g per mm), represents the 

sample’s resistance to bending.  

2.4.7 Shear force 

 Shear force test (SF) was performed using a TA-HD Plus C texture analyzer, equipped 

with a 50-kg load cell and TA-45° chisel blade probe (Stable Micro Systems, Lammas Rd, 

Godalming, United Kingdom). Shear force test was conducted with the following settings test 

speed set to 2 mm per s, each sample was compressed to 93% of the initial height of the jerky 

strip and the trigger force was set to 3 g. A total of 32 samples per dehydration time were 

analyzed for SF test. The parameters measured in this test include firmness (g), representing the 

maximum force required to shear the sample, and toughness (g per s), defined as the greater 

cutting force over a determined distance.  

2.4.8 Statistical analysis 

 Data were analyzed as a 1-way ANOVA for physicochemical parameters and texture. The 

analyses were conducted using a generalized linear mixed model (GLIMMIX) procedure in the 
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Statistical Analysis Software (SAS) version 9.4 (SAS Institute Inc., Cary, NC, USA). 

Dehydration time was the main effect evaluated for each parameter. Each jerky-style pet treat 

unit served as the experimental unit. Least square means were separated using the PDIFF option 

of SAS to perform a complete pairwise mean comparison analysis. The Satterthwaite adjustment 

was applied to correct the degrees of freedom. Significant differences between means were 

declared at P ≤ 0.05.  

2.5 Results and Discussion 

2.5.1 Moisture content  

 Results for physicochemical parameters, specifically MC of dehydrated jerky-style pet 

treats, are shown in Table 2.1. As dehydration time increased, the MC of the samples decreased 

linearly (P < 0.0001). The samples dehydrated for 3 h had the highest MC value of 49.20%, 

while those dehydrated for 7 h had the lowest MC value of 17.26%. According to a previous 

study, the moisture content of pork jerky samples decreased as dehydration time increased (Yang 

et al., 2012). Similarly to these results, when binding ingredients were added into the matrix of 

the dried product, the moisture content was lower in the samples dehydrated the longest (Choi et 

al., 2015). This pattern is consistent with our findings.  

Based on data reported by Konieczny et al. (2007), the moisture content of beef jerky 

samples decreased as drying time increased. Samples with no heat exposure had the highest 

moisture content, whereas those dehydrated for 7 h had the lowest moisture content compared to 

all treatments (Konieczny et al., 2007). Similar results were observed in a study where sodium 

alginate and calcium chloride were used as gelling agents in dried scallops, leading to lower 

moisture content values in samples containing gelling agents compared with the control (Shi et 

al., 2019). This outcome can be attributed to the chemical properties of sodium alginate, since it 
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is primarily composed of polysaccharides and their high polarity results in a lower moisture 

barrier property (Shi et al., 2019).  

2.5.2 Water activity 

 Results for water activity (aw) of dehydrated SP jerky-style pet treats are presented in 

Table 2.1. The lowest water activity was observed in samples dehydrated for 7 h (P < 0.0001). 

Samples reached a water activity of 0.85 after 5 h of dehydration and decreased to 0.81 and 0.80 

after 6 and 7 h of dehydration, respectively. Water activity in SP jerky-style pet treats decreased 

linearly as dehydration time increased (P < 0.0001). However, Ramírez-Cárdenas (2015) 

observed different results in dehydrated beef jerky samples during 4, 5, and 6 h, where all 

treatments achieved a water activity of 0.85, and no differences were found among the treatments 

(Ramírez-Cárdenas, 2015). In contrast, Kim et al. (2018) reported that the water activity of semi-

dried restructured jerky decreased with longer dehydration periods, which could be associated to 

the reduction of free water in the food matrix at a constant rate (Kim et al., 2018). Based on both 

studies, a linear decrease in water activity was observed in the reconstituted product compared to 

whole muscle.  

2.5.4. Three-point bend  

 Table 2.2 includes the results for three-point bend (3PB) test of dehydrated SP jerky-style 

samples. As dehydration time increased, hardness of the samples increased (P < 0.0001), with 

samples dehydrated for 7 h requiring the maximum force to deform the treats. Opposite results 

were found for flexibility measurements, samples dehydrated for 3 and 4 h were the most 

flexible (P < 0.0001), thus requiring a greater distance before fracturing. However, samples 

dehydrated for 4 h were statistically similar as those dehydrated for 5, 6, and 7 h. Furthermore, 

jerky-style samples dehydrated for 7 h had the highest stiffness values compared to other 
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treatments (P < 0.0001), thus having the greater resistance to bending. Samples dehydrated for 3 

and 4 h had the lowest stiffness values, while samples dehydrated for 5 and 6 h were 

intermediate.  

The hardness and stiffness results differ from those observed by Konieczny et al. (2007) 

in beef jerky, where the hardness of dehydrated samples decreased as drying time increased, 

resulting in the lowest hardness values in samples dehydrated for 7 h. According to the same 

study, the stiffness values of beef jerky samples also decreased as dehydration time increased, 

with samples dehydrated for 5, 6, and 7 h having the lowest resistance to bending. For flexibility, 

similar results to this study were found, with samples dehydrated for 3 h being the most flexible 

compared to other treatments (Konieczny et al., 2007).  

The differences in results between the studies could be explained by the composition of 

the jerky-style strips. One product was made with SP and gelling agents, and the other with beef 

short loin. According to findings reported on ostrich jerky samples, the hardness and stiffness 

values differ from those found in our study, where significant differences among temperature 

exposure were observed on dehydrated samples, thus associated with the moisture content. 

Samples dehydrated at 50 °C with the highest MC value (24%) required the lowest force to 

deform the sample and were the least resistance to bending compared to other treatments. 

Regarding flexibility, similar results were observed with those samples dehydrated at the lowest 

temperature, requiring the greater distance before fracturing, being the most flexible (Lee & 

Kang, 2003). Differences between studies could be attributed to the product matrix, experimental 

design, and the different ingredients used in the sample preparation for each product.   
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2.5.5 Shear force 

Results for shear force (SF) test of dehydrated SP jerky-style pet treats are shown in 

Table 2.3. For firmness, samples dehydrated for 6 and 7 h required a higher amount of force to 

be sheared. However, samples dehydrated for 7 h were expressed similar firmness attributes to 

those dehydrated for 5 h. Additionally, the samples dehydrated for 3 h had the lowest firmness 

values (P < 0.0001). Toughness of samples dehydrated for 6 and 7 h were statistically similar, 

both having the greatest cutting force over a determined distance compared to all other 

treatments. Moreover, the samples dehydrated for 3 h had the lowest toughness values (P < 

0.0001).  

Similar results were found in jerky samples made from chicken breast; samples 

dehydrated for an extended period exhibited greater shear force values, indicating that shear 

force increased with longer dehydration times (Li et al., 2014). Similarly, a study on pork jerky 

samples reported that those dehydrated for 1.5 h and roasted at 150 °C for 5 minutes had a lower 

shear force values compared to samples roasted at 200 °C for 5 minutes (Chen et al., 2004). This 

suggests that samples with greater heat exposure were firmer and tougher. Another study on beef 

jerky samples reported differences in samples dehydrated under confined conditions, finding that 

shear force increased as moisture content of the samples decreased (He et al., 2023).  

According to data from Kim et al. (2021), the moisture content of the samples can be 

associated to the texture of restructured pork. Samples subjected to drying method became harder 

and tougher due to the formation of a surface layer while dehydrating, which prevents the release 

of internal moisture, resulting in product shrinkage (Kim et al., 2021). Regarding the inclusion of 

hydrocolloids in the samples, a study conducted on canned cat food found similar findings on 

firmness and toughness values. However, shear force values increased with higher hydrocolloids 
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inclusion. This can be attributed to the structure of hydrocolloids, as the amount of hydrocolloids 

increases, more hydroxyl groups are generated, ultimately resulting in stronger bonds with water 

(Dainton et al., 2021).  

2.6 Conclusions 

 Dehydration time can play a crucial role in physicochemical characteristics of jerky-style 

pet treats made with SP. Specifically, as dehydration time increases, the moisture content and 

water activity of the pet treats decreased, with the lowest levels observed in treats dehydrated for 

7 h. However, to achieve a water activity level of 0.85 and be deemed shelf-stable, SP treats must 

be dehydrated for a minimum of 5 h. Consequently, jerky-style pet treats dehydrated for 7 h were 

the hardest and stiffest, while those dehydrated for 3 and 4 h were the most flexible. 

Furthermore, samples dehydrated for 6 and 7 h were firmer and tougher compared to those 

dehydrated for 3 and 4 h.  

Pet owners find dry pet food convenient due to its extended shelf-life (Le Guillas et al., 

2024). According to a previous study, understanding pet and owners’ characteristics regarding 

pet food can be one of the major factors influencing purchasing decisions (Schleicher et al., 

2019). Therefore, swine pluck can be used to generate shelf-stable, jerky-style pet treats with 

varying textural and organoleptic characteristics dependent upon dehydration time, thus 

providing value for both the meat and the pet food industries.  
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Figure 2.1 Sample preparation of dehydrated jerky-style pet treats made with  swine pluck (SP) mixed with 1% sodium alginate (SA) 

and 0.85% encapsulated calcium lactate (ECL).  
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Table 2.1 Effect of dehydration time on physicochemical characteristics of dehydrated jerky-style pet treats made with swine pluck. 

    Physicochemical characteristics of dehydrated SP jerky-style pet treats1  

  Dehydration time (h)2 

Variable   3 4 5 6 7 SEM3 P - value 

Moisture content, %  
49.20a 35.91b 29.73c 23.39d 17.26e 1.14 < 0.0001* 

Water activity, aw   0.94a 0.90b 0.86c 0.81d 0.80e 0.14 < 0.0001* 
1 The dehydration of jerky-style pet treats took place in a dehydrator set at 68.3 °C until each dehydration time was reached. 
2 Dehydration time was collected during five different periods including 3, 4, 5, 6, and 7 h. 
3 SEM = highest standard error of the LS means. 
a-e Means within a row with different superscripts differ at P < 0.05. 
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Table 2.2 Effect of dehydration time on the three-point bend test of dehydrated jerky-style pet treats made with swine pluck. 

    Three-point bend1 of dehydrated jerky-style pet treats2  

  Dehydration time (h)3 

Variable   3 4 5 6 7 SEM4 P - value 

Hardness, g  
307.96e 580.89d 950.26c 1,376.86b 1,658.5a 93.00 < 0.0001* 

Flexibility, mm  
5.31a 4.78ab 4.59b 4.53b 4.32b 0.25 < 0.0001* 

Stiffness, g per mm   
60.91c 142.78c 233.39b 276.46b 438.03a 35.55 < 0.0001* 

1 Three-point bend test was conducted using a TA-43 round probe. 
2 The dehydration of jerky-style pet treats took place in a dehydrator set at 68.3 °C until each dehydration time was reached. 
3 Dehydration time was collected during five different periods including 3, 4, 5, 6, and 7 h. 
4 SEM = highest standard error of the LS means. 
a-e Means within a row with different superscripts differ at P < 0.05. 
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Table 2.3 Effect of dehydration time on the shear force test of dehydrated jerky-style pet treats made with swine pluck. 

    Shear force1 of dehydrated jerky-style pet treats2  

  Dehydration time (h)3 

Variable   3 4 5 6 7 SEM4 P - value 

Firmness, g  
6,739.29d 10,340c 15,306b 17,859a 16,805ab 696.92 < 0.0001* 

Toughness, g per s   3,989.35d 6,842.11c 10,790b 12,936a 13,867a 496.40 < 0.0001* 

1 Shear force test was done using a TA-43 45° chisel blade probe. 
2 The dehydration of jerky-style pet treats took place in a dehydrator set at 68.3 °C until each dehydration time was reached. 
3 Dehydration time was collected during five different periods including 3, 4, 5, 6, and 7 h. 
4 SEM = highest standard error of the LS means. 
a-e Means within a row with different superscripts differ at P < 0.05. 
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Chapter III. Effect of dehydration time on instrumental color characteristics of jerky-style 

pet treats using made with pluck 
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3.1 Abstract 

 Color changes in meat products, influenced by factors such as heating exposure, heating 

time, and myoglobin content, are crucial in shaping pet owners' preferences, particularly in pet 

food products. During the dehydration process, the meat protein can denature, thus altering the 

appearance and color quality of meat products. The color of pet treats has been associated with 

pet owners' overall liking and purchasing decisions for pet food items. Therefore, the study aims 

to determine the effect of dehydration time on instrumental color and Delta-E on jerky-style pet 

treats made with swine pluck. For sample preparation, swine pluck (SP) was ground using a 

4.76-mm-diameter grinder plate, mixed with 1% of sodium alginate and 0.85% of encapsulated 

calcium lactate,  and then formed into jerky strips. These strips were refrigerated at 4 °C for 16 h 

to allow for proper gelation. Subsequently, 76.2-mm jerky strips were dehydrated at 68.3 °C for 

3, 4, 5, 6, and 7 h. Regarding data collection, n = 8 samples per treatment were used for each 

analysis. Instrumental color was assessed on d 0, 1, 3, 5, 7 post-production time points using a 

Hunter Lab Mini Scan EZ colorimeter 4500 spectrophotometer in D65 illuminant mode with a 

10° observer angle, and a 0.5-mm-diameter aperture, on the CIE color space: lightness (L*), 

redness (a*), and yellowness (b*). Delta-E values (ΔE) were calculated to determine visual 

perception of color differences by the human eye. Data were analyzed as a 2-way ANOVA for 

instrumental color, with dehydration time and d post-production as the fixed effects. The analysis 

was performed using the GLIMMIX procedure of SAS ver. 9.4 with means separated at P ≤ 0.05. 

After samples were stored under the same conditions for 7 d, instrumental color revealed that SP 

samples dehydrated for 3 h were the lightest (P < 0.0007), reddest (P < 0.0001), and yellowest (P 

< 0.0001). Delta-E values were greatest between d 0 and 1 within all dehydration times, 

indicating that differences in color were perceptible at a glance (2 ≤ ΔE ≤ 10). However, when 
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comparing days 0 to 7, SP treats dehydrated for 3 and 4 h had the most stable color, and the 

changes observed were not perceptible to human eyes (ΔE ≤ 1.0). Overall, the greatest color 

changes occurred between d 0 and 1 post-production, but as storage time progressed, ∆𝐸 values 

were either not perceptible by the human eye or changes were perceptible upon close 

observation. 

3.2 Keywords: instrumental color, lightness, redness, yellowness, Delta-E, jerky pet treats.   
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3.3 Introduction 

In the U.S. the pet food industry has been increasing sales in recent years. Of the $147 

billion spent on pets in 2023, $64.4 billion was allocated to pet food and treats ((APPA), 2024). 

Similarly, the growing trend of pet humanization has influenced pet owners preferences, driving 

demand for more appealing and attractive options for their pets, while still prioritizing nutritional 

values (White, 2022).  

In fact, meat animal processing co-products have been widely utilized in the pet food 

industry, considering their low value in the market and high-quality nutritional content (Toldrá et 

al., 2021). Therefore, swine pluck, a combination of heart, lungs, esophagus, and trachea 

(excluding the thyroid gland) due to concerns of the presence of thyroid hormones in pet food, 

the combination of those products has potential for developing pet treats. However, changes in 

organoleptic properties, such as a color, can influence pet owners perception of the quality and 

appeal of pet food (Di Donfrancesco et al., 2014).    

Color changes in meat products can be influenced by factors such as heating exposure, 

heating time, and the content of hemoglobin and myoglobin (García-Segovia et al., 2007). In pet 

food, certain attributes, like aroma, color, and appearance can affect pet owners' overall 

preferences (Samant et al., 2021). Among these, color plays a particularly crucial role in shaping 

these preferences, as highlighted by Di Donfrancesco et al. 2014, who found that color has a 

more substantial influence than aroma (Di Donfrancesco et al., 2014).  

Heat treatments can cause both chemical and physical alterations in the color of meat 

products, with changes in myoglobin closely linked to these color variations. The duration and 

temperature of heat treatments can influence myoglobin denaturation in meat products, which 
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directly impacts the color outcome (Vinnikova et al., 2019). The dehydration process, which 

involves removing water content from a product through evaporation or sublimation 

(Agafonychev et al., 2021), is also associated with the product’s temperature.  

Higher temperatures during dehydration can alter the structure and appearance of the 

product. During cooking, water removal is drawn out from hydration cells, leading to protein 

denaturation, further affecting the product’s color (Mishra et al., 2017). Dried meat has long been 

recognized as an ancient method of food preservation. In jerky production, dehydration can be 

prolonged by exposing the product to lower temperatures. As a result, the duration of 

dehydration is affected by several variables, such as temperature, airflow, external relative 

humidity, and the thickness of the meat slices (Bowser et al., 2009).  

 Certain factors, such as the color of dried products, can be impacted by heat exposure 

during dehydration (Hii et al., 2014). Consequently, the color of meat products is often measured 

instrumentally using spectrophotometers and colorimeters, which provide values for lightness 

(L*), redness (a*), and yellowness (b*; Tomasevic et al., 2019).  Additionally, changes in color 

over a determined period can be calculated using the Delta-E formula, which incorporates these 

instrumental values to determine color differences as perceived by the human eye color (King et 

al., 2023). Therefore, the objective of this study was to evaluate the effect of dehydration time of 

instrumental color and Delta-E on jerky-style pet treats made with swine pluck. 

3.4 Materials and Methods 

3.4.1 Ingredients and raw material preparation 

 Swine pluck (SP) is the primary component in manufacturing jerky-style pet treats. This 

ingredient includes the trachea, heart, lungs, and esophagus (removing the thyroid gland), which 
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are removed together as a single unit during processing and can provide a protein-rich source for 

pet treats. For this experiment, the thyroid gland was excluded from each SP. The raw SP was 

collected from the Lambert-Powells Meats Lab at Auburn University and stored at -20 °C to 

maintain quality. Before use, the SP was thawed at 4 °C for 48 h and then ground through a 4.76-

mm-diameter plate using a commercial 20-quart meat grinder  

3.4.2. Addition of the structure forming technology 

 A blend of 1% sodium alginate (SA) from Tilley Distribution in Waldo, ME, and 0.85% 

encapsulated calcium lactate (ECL) from Balchem in New Hampton, NY, was combined with the 

total amount of ground raw SP. This mixture of SA and ECL was termed ALGIN. As per the 

Food and Drug Administration (FDA), the maximum allowable level of sodium alginate in meat 

products for human consumption is 1% (FDA, 2023). For the sample mixture, half of the SA was 

first added and mixed at a low speed for 30 s, then at a high speed for another 30 s. The 

remaining SA was then added using the same mixing process. ECL was incorporated similarly, 

following the same mixing steps. 

3.4.3. Sample extrusion and dehydration 

 The ground mixture (SP+ ALGIN) was extruded into jerky strips using a 38.1-mm wide 

single-strip nozzle probe. These strips were then covered with plastic wrap to retain moisture and 

refrigerated at 4 °C for 16 h to allow for gelation. The long jerky strips were cut into shorter 

pieces, approximately 76.2 mm. For dehydration, the dehydrator oven (KWASYO Food 

Dehydrator Machine) was pre-heated to its maximum temperature of 90 °C for 8 min. The jerky 

strips were placed on metal racks and transferred to the pre-heated dehydrator. The dehydrator 

oven temperature dropped to 68.3 °C, and samples were collected at 3, 4, 5, 6, and 7 h. After 7 

hours of dehydration, the water activity (aw) reached a value of 0.85 or lower.  
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3.4.4 Instrumental color 

 The instrumental color of jerky-style pet treats, each measuring 76.2 mm length, was 

evaluated using a Hunter Lab Mini Scan EZ 4000L Portable Spectrophotometer (Reston, VA, 

United States). Instrumental color data were collected in the CIELAB color space using 

parameters L*, a*, and b*, employing a D65 light source, a 10º observer angle, and a 12.7-mm 

aperture diameter. Measurements were collected from each sample (n = 8) over five post-

production days, including days 0, 1, 3, 5, and 7. The samples were stored at 4 °C and covered 

with plastic wrap during data collection. The CIELAB color space operates in a three-axis 

system: L* represents lightness on a scale from 0 (black) to 100 (white), a* measures redness 

from -120 (green) to 120 (red), and b* quantifies yellowness from -120 (blue) to 120 (yellow). 

To ensure accuracy, the spectrophotometer was calibrated with a white calibration plate before 

each use. Three measurements per sample were taken, and the average was used to perform 

statistical analysis.  

3.4.5 Delta E (∆𝐄) 

Delta-E is an indicator of the human eye's visual perception of color differences. The 

color change can be perceptible at different ranges (see Table 3.1). The formula for calculating 

Delta-E from instrumental color data is shown below (King et al., 2023).  

∆𝐸 =  √(𝐿1
∗ − 𝐿2

∗ )2 + (𝑎1
∗ − 𝑎2

∗)2 + (𝑏1
∗ − 𝑏2

∗)2 

Delta-E values, as shown in Table 3.1. Lower Delta-E values indicate minimal 

differences between samples, while higher values represent more noticeable color variations 

between samples perceived by the human eye.  
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Table 3.1 Delta-E values range from  0 to 100. 

 

Delta-E Perception 

≤ 1.0 Not perceptible by human eye  

1 to 2 Perceptible under very close observation  

2 to 10  Perceptible at a glance 

11 to 49 Colors are more alike than opposite 

 100 Colors are exact opposites  

 

3.4.6 Statistical analysis 

 Data were analyzed as a 2-way ANOVA for instrumental color. The analysis was 

conducted using a generalized linear mixed model (GLIMMIX) procedure in the Statistical 

Analysis Software (SAS) version 9.4 (SAS Institute Inc., Cary, NC, USA).  A completely 

randomized block design experiment with a 5 × 5 factorial treatment structure was conducted for 

color analysis with dehydration time and d-post production as the fixed effects in the model 

statement. Each jerky-style pet treat unit served as an individual experiment unit. To conduct a 

comprehensive pairwise mean comparison analysis, least square means were separated using the 

PDIFF option of SAS. The Satterthwaite adjustment was utilized to correct the degrees of 

freedom. Significant differences between means were declared at P ≤ 0.05.  

3.5 Results and Discussion 

3.5.1 Lightness (L*) 

 The color measurements of jerky-style pet treats were significantly influenced by 

dehydration time and time post-production, as shown in Figure 3.1 (P < 0.0001). After samples 
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were stored under the same conditions for 7 d, the lightness of the samples was significantly 

greater for the samples dehydrated for 3 h than all other dehydration times (P < 0.0001). As time 

post-production increased, the lightness differences among various dehydration times became 

less pronounced but remained statistically significant.  

On d 1 post-production, samples dehydrated for  4, 5, 6, and 7 h exhibit similar lightness 

measurements, but these differed from those dehydrated for 3 h (P < 0.0001). On d 3 post-

production, lightness values for samples dehydrated for 5 h showed a noticeable reduction 

compared with the other dehydration times, except for samples dehydrated for 6 h, while other 

dehydration times exhibited intermediate lightness changes. Overall, the results indicate a clear 

impact of dehydration time on the color stability of jerky-style pet treats over time, with longer 

dehydration times generally leading to less pronounced color changes as post-production days 

progressed. 

 Contrary to our results, no significant differences in lightness were observed in dried 

duck jerky combined with collagen and konjac. Based on this research, different combinations of 

hydrocolloids did not impact the final color of the samples (Kim et al., 2020). Similar results 

were reported by Chen and Lin, 2017, where different levels of disaccharides were added to 

Chinese-style pork jerky samples; no significant differences were for lightness in these samples 

(Chen and Lin, 2017). Another study assessed the quality characteristics of beef jerky after 

cooking, revealing that cooking methods can influence its color. Fried jerky samples were found 

to be darker than dehydrated ones, a difference attributed to the Maillard reaction occurring 

during cooking (Luo et al., 2020). According to data reported by Shi et al., 2020 found that beef 

jerky from Hohhot dried traditionally had lower lightness values compared to modern methods, 
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whereas samples from Bayan Nur showed higher lightness values with traditional drying. These 

differences can be attributed to the lipid content of the samples (Shi et al., 2020).  

3.5.2 Redness (a*) 

The redness values of jerky-style pet treats were significantly influenced by dehydration 

time and time post-production (P < 0.0001). Figure 3.2 presents the results of the interactions 

between various dehydration times and time post-production on the redness (a*). At d 0 post-

production, redness values significantly decreased as dehydration time increased, peaking at 3 h 

of dehydration and decreasing until 5 h of dehydration (P < 0.0001). However, samples 

dehydrated for 5, 6, and 7 h were similar. Samples dehydrated for 3 h at d 1 and 5 post-

production had the highest redness values compared to other treatments (P < 0.0001).  

On d 3 post-production, similarities in results from the previous were observed on this 

day, with treats dehydrated for 3 h being the reddest compared to the rest of the samples at the 

same time post-production (P < 0.0001). After 7 d of storage, jerky-style pet treats dehydrated 

for 3 h had the second highest redness values among all treatments (P < 0.0001), while similar 

results from previous observations were maintained for the other dehydration times. Overall, 

samples dehydrated for 3 h across all post-production durations maintained a higher and more 

intense red color over the storage period.   

According to a study performed on chicken jerky combined with various sugars at 

different storage times, the redness of the jerky samples increased with extended storage periods, 

which is contrary to the results found in our study (Wongwiwat and Wattanachant, 2016). 

Similarly to our results, a study conducted on MDCM (mechanically deboned chicken meat) on 

semi-dried chicken jerky found that samples exposed to 75 °C had lower levels of red. This can 
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be attributed to the denaturation of the hemoglobin in MDCM (Song et al., 2014). Samples 

exposed to thermal treatments tend to form hemi chrome due to the denaturation of myoglobin 

caused by heat (Brewer, 2009).  

 A study on venison jerky observed significant differences in redness between curing 

ingredients from d 1 to 21, with samples stored for the same period. However, no interactions 

were found among treatments and storage time. The sample color changed from red to brown 

due to the development of metmyoglobin during the drying process (Tangkham and LeMieux, 

2016). Furthermore, results reported by Liu et al., 2022 in pork jerky samples evaluated using 

different drying methods found similar outcomes to our study. The starting redness values were 

higher with the drying oven method, but they decreased with prolonged drying time (Liu et al., 

2022). The inclusion of hydrocolloids can be another factor influencing the color of the samples. 

A study conducted on cold-cut duck meat found that redness values were higher in samples with 

hydrocolloid inclusions (Kim et al., 2020).  

3.5.3 Yellowness (b*) 

 The yellowness values of jerky-style pet treats were significantly influenced by 

dehydration time and time post-production, as observed in Figure 3.3 (P < 0.0001). At d 0 post-

production, significant differences were observed between 3 and 7 h of dehydration, with those 

dehydrated for 3 h having higher yellowness values (P < 0.0001). On d 1, 3, and 5 post-

productions, samples dehydrated for 3 h had a higher lightness, followed by treats dehydrated for 

4 h. Jerky-style pet treats dehydrated for 5 and 6 h had the lowest yellowness values, and 

samples dehydrated for 7 h remained intermediate (P < 0.0001).  
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 Jerky-style pet treats stored for 7 d post-production followed a similar results pattern to 

those stored for 3 d, with samples dehydrated for 3 h having higher yellowness values and then 

followed by samples dehydrated for 4 h (P < 0.0001). Similar findings were found in 

restructured pork jerky evaluating different temperatures and durations in the process, where 

yellowness values decreased with increased temperature and extended dehydration time (Kim et 

al., 2021). Another study evaluating hot-air exposure in beef jerky found similar results to the 

previous ones, with no significant differences between treatments in yellowness values (Shi et 

al., 2020). 

According to findings reported by Liu et al., 2016, yellowness values (b*) in beef jerky 

decreased with extended drying time, which supports our results. This decrease may be due to 

the oxidation of the myoglobin content in the product, leading to the formation of metmyoglobin, 

the oxidized form of myoglobin (Liu et al., 2016). Contrary results were observed in another 

study performed on beef jerky, where no differences were observed between yellowness values 

regardless of the treatments (Zhang et al., 2023).  

 In terms of binder inclusion, a study found that adding binders to pork sausage 

formulations increased yellowness values (b*), with 1% protein pork plasma resulting in higher 

values compared to all other treatments. Pork plasma enhances the product’s emulsification 

properties due to its globulin and albumin protein content (Jin et al., 2019). Contrary to our 

findings, research on cooked pork sausages during storage observed that after 30 d, yellowness 

values in pork sausages combined with extract from natural plants were higher compared to all 

other treatments (Seo et al., 2019).  
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3.5.4 Delta-E (∆E) 

 Results for Delta-E values calculated using L*, a*, and b* values for SP jerky-style pet 

treats are shown in Table 3.2. Color changes perceptible to the human eye in jerky-style pet treats 

were observed between the time post-production and dehydration time. Delta-E values were 

highest among all dehydration times from day 0 to d 1 post-production which means that these 

changes were perceptible by the human eye at a glance  (2 ≤ ΔE < 10 = perceptible at a glance). 

Additionally, when comparing Delta-E values from d 1 to d 7, color differences were also 

categorized as perceptible at a glance on d 3 post-production.  

In contrast, when evaluating Delta-E values from d 0 to d 7, SP jerky-style pet treats 

dehydrated for 3 h (lowest dehydration time treatment) had the least stable color over time, 

whereas those treats dehydrated with longer times (5 and 6 h) had the most stable color whose 

changes from d 0 to 7 post-production being less than one and not perceptible by the human eye 

(ΔE < 1.0 = not perceptible). After d 3 post-production, color changes in the treats were not 

perceptible by the human eye (ΔE < 1.0 = not perceptible). Moreover, regardless of dehydration 

time, non-drastic color changes in jerky-style pet treats would be observed after 3 days post-

production. The remaining comparisons between time post-production and dehydration time in 

terms of color differences were categorized as either not perceptible by the human eye (ΔE < 1.0 

= not perceptible)  or perceptible upon close observation (1 ≤ ΔE < 2 = perceptible by close 

observation).  

 A study on beef steaks during storage revealed that higher Delta-E values were associated 

with more significant color changes in the samples (De Alcântara Salim et al., 2023). The rate of 

discoloration observed may be attributed to oxidation reactions within the samples (Insani et al., 

2008), and the level of intramuscular fat content present in the steaks (Luciano et al., 2011). In 
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contrast to our findings, Delta-E values in frozen steaks increased with extended storage time, 

indicating more pronounced color changes and greater discoloration in the samples. This increase 

in discoloration may be associated to a decline in metmyoglobin-reducing activity over 

prolonged storage periods (Henriott et al., 2020).  

3.6 Conclusions 

 Prolonged heat treatments can significantly impact the final color of SP jerky-style pet 

treats. This study demonstrated that on day 1 post-production samples dehydrated for 3 h were 

the lightest (P < 0.0001). Similarly, on days 1, 3, and 5 post-production, SP samples dehydrated 

for 3 h were the reddest and yellowest (P < 0.0001). Noticeable color changes, indicated by 

Delta-E values, were most evident between days 0 and 1 post-production across all dehydration 

times. Among the samples, those dehydrated for 3 h exhibited the least color stability over time, 

while samples dehydrated for 5 and 6 h maintained the most stable color, with changes not 

detectable by the human eye. As previously noted, the color of pet food influences consumer 

purchasing decisions, even more so than attributes like aroma (Di Donfrancesco et al., 2014). 

Additionally, color changes during extended storage can play a crucial role in determining the 

final product’s quality, with ∆𝐸 serving as a valuable parameter for assessing these differences 

over time. However, this parameter is mostly used in studies on beef, leaving a gap in the 

literature for other species such as chicken and pork. Overall, the greatest color changes occurred 

between d 0 and 1 post-production in samples from all dehydration times, but as storage time 

progressed, ∆𝐸 values fell below 1 or ranged between 1 and 2, resulting in color changes that 

were either not perceptible by the human eye or changes perceptible upon close observation.  
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Figure 3.1 Effect of dehydration time on lightness (L*) values over time post-production of jerky-style pet treats made with swine 

pluck. 

Raw swine pluck (SP) was ground using a 4.76-mm grinder plate and a commercial 20-quart meat grinder. The ground product was 

mixed with 1% sodium alginate (SA) and 0.85% encapsulated calcium lactate (ECL) (weight per weight). L* = lightness (0 = black 

and 100 = white). SEM = highest standard error of the LS means comparisons. a-kMeans with different superscripts differ P < 0.05. 
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Figure 3.2 Effect of dehydration time on redness (a*) values over time post-production of jerky-style pet treats made with swine pluck. 

Raw swine pluck (SP) was ground using a 4.76-mm grinder plate and a commercial 20-quart meat grinder. The ground product was 

mixed with 1% sodium alginate (SA) and 0.85% encapsulated calcium lactate (ECL) (weight per weight). a* = redness (-120 = green 

and 120 = red). SEM = highest standard error of the LS means comparisons. a-kMeans with different superscripts differ P < 0.05. 
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Figure 3.3 Effect of dehydration time on yellowness (b*) values over time post-production of jerky-style pet treats made with swine 

pluck. 

Raw swine pluck (SP) was ground using a 4.76-mm grinder plate and a commercial 20-quart meat grinder. The ground product was 

mixed with 1% sodium alginate (SA) and 0.85% encapsulated calcium lactate (ECL) (weight per weight). b* = yellowness (-120 = 

blue and 120 = yellow). SEM = highest standard error of the LS means comparisons. a-kMeans with different superscripts differ P < 

0.05. 
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Table 3.2 Effect of dehydration time and time post-production on Delta-E values of dehydrated jerky-style pet treats made with swine 

pluck. 

    Delta-E1 (ΔE) of dehydrated jerky-style pet treats2 

  Time post-production, d3 

Dehydration time4, h   0 vs 1 0 vs. 3 0 vs. 5 0 vs. 7 1 vs. 3 1 vs. 5 1 vs. 7  3 vs. 5 3 vs. 7 5 vs. 7 

3  
4.02 2.62 2.67 2.00 1.80 1.66 2.06 0.23 0.94 0.86 

4  
3.15 1.76 1.76 1.30 1.75 1.53 1.87 0.32 0.71 0.54 

5  
2.72 0.94 1.13 0.85 2.21 1.79 1.98 0.43 0.41 0.32 

6  
2.23 0.46 0.65 0.65 1.98 1.67 1.64 0.31 0.40 0.21 

7   2.47 0.85 0.98 1.03 1.77 1.60 1.64 0.16 0.23 0.20 

                        

1Delta-E serves as an indicator of the human eye’s visual perception of color differences.  
2The dehydration of jerky-style pet treats took place in a dehydrated oven set at 68.3 °C until each dehydration time was reached.  
3Delta-E was calculated across 10 different time intervals by comparing various day combinations among days 0, 1, 3, 5, and 7 post-

production. 
4Dehydration time was collected during five different periods, including 3, 4, 5, 6, and 7 h. 

Delta-E values with the same color fall in the same category. Blue (ΔE < 1.0): color changes are not perceptible by the human eye. 

Pink (1 ≤ ΔE < 2): color changes are perceptible under close observation. Orange (2 ≤ ΔE < 10): color changes are perceptible at a 

glance.  
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Chapter IV. Effect of dehydration time on sensory properties of jerky-style pet treats made 

with swine pluck among pet owners 
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4.1 Abstract 

 

Sensory evaluation, a key method for analyzing the product characteristics such as texture, color, 

and aroma, plays a vital role in influencing pet food purchasing decisions, driven by the growing 

prevalence of pet ownership and pet humanization trends in the U.S. Pet food manufacturers have 

responded by incorporating animal processing co-products, these products often incorporate 

meat animal processing co-products due to their relatively low market value combined with their 

high protein and nutrient content. Consequently, swine pluck (SP), a combination of heart, lungs, 

esophagus, and trachea, can serve as a viable protein source in pet food and treats due to its 

convenient single-unit removal during swine processing. Beyond nutrition, sensory parameters 

such as appearance, color, and texture can play a major role for pet owners when selecting 

products for their pets. Therefore, understanding human perception can be crucial for product 

marketability considering pet owners typically have an initial interaction with the product before 

providing it to their pet. The objective of this study was to evaluate the effect of dehydration time 

on various sensory characteristics of jerky-style treats made with SP. To prepare samples, raw SP 

was ground using a 4.76-mm grinder plate, mixed with sodium alginate (1%), and encapsulated 

calcium lactate (0.85%), extruded into jerky strips, and refrigerated for 16 h at 4 ºC to allow 

product gelation. Then, 3-inch jerky strip samples were dehydrated at 68 ºC for 5 different 

dehydration times (3, 4, 5, 6, and 7 h). One hundred pet owners evaluated 5 jerky samples using 

a 9-point hedonic scale (1 = extremely dislike, 9 = extremely like) to assess the intent to 

purchase among pet owners as well as product overall liking, appearance, color, and texture 

using Red Jade software. Data were analyzed using a mixed model in XLSTAT 2023 version 3.1, 

with dehydration time as a fixed effect and participants as a random effect. Means were 

considered different when P ≤ 0.05. Pairwise comparisons were achieved using Tukey’s 



91 
 

Honestly Significant Differences (HSD) test. Overall liking for SP treats averaged 5.38 ± 0.238, 

with appearance scoring 5.19  ± 0.198. Interestingly, both overall liking and appearance scores 

were similar among all SP jerky-style treats regardless of product dehydration time (P = 0.135 

and 0.846, respectively). However, the color liking score for SP treats averaged 4.84 ±  0.150; 

liking score was greater for SP treats dehydrated for 3 and 4 h compared with those dehydrated 

for 7 h (P = 0.005). Texture liking score was 5.11 ± 0.300, this parameter was greater for treats 

dehydrated for 4, 5, 6, and 7 h compared with those dehydrated for 3 h (P < 0.0001). The intent 

of purchase liking score averaged 3.06 ± 0.130, with greater intent observed for SP jerky treats 

dehydrated for 4 and 5 h compared with those dehydrated for 3 h with those dehydrated 6 and 7 h 

being intermediate (P = 0.008). Overall, the sensory evaluation of jerky-style pet treats 

developed using SP provides insight into pet owners’ acceptability and purchasing decisions. 

Future work will focus on performing a preference test with both owners and their pets. 

4.2 Keywords: sensory evaluation, pet owners, appearance, color, texture, jerky-style pet treats. 
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4.3 Introduction 

 

 Sensory evaluation is a method used to analyze a product’s characteristics, including 

texture, color, appearance, smell, and others, as perceived by the human sense specifically sight, 

smell, touch, taste, and hearing (Ruiz-Capillas and Herrero, 2021). In the context of pet food and 

treats, the increasing prevalence of pet ownership, with 82 million of households in the U.S. 

currently owning a pet in the U.S. (APPA), 2024) and the growing trend of pet humanization can 

influence purchasing decisions on pet owners when selecting food and treats for their pets 

(Schleicher et al., 2019).  

Pet food manufacturers have responded by incorporating animal processing co-products 

which offer both economic and nutritional benefits (Lynch et al., 2018). For instance, swine 

pluck (SP) a combination of heart, lungs, esophagus (without the thyroid gland), and trachea 

serves as a convenient protein source for pet food, being readily available from the single-step 

removal process during swine processing.  

 Beyond nutritional value, sensory characteristics such as appearance, texture, and aroma 

play a crucial role in the acceptability of pet food among both pets and their owners. 

Manufacturers can utilize this sensory data to identify preferences and develop pet food that 

satisfies both pets and their owners  (Koppel, 2014). For jerky treats, studies have highlighted 

that texture is one of the most important attributes when evaluating the sensory qualities of jerky 

(Albright et al., 2000; Lee and Kang, 2003). Therefore, understanding processing methods, such 

as dehydration and its influence on sensory characteristics, can improve product quality (Oliveira 

et al., 2016).  

 Jerky pet treats are considered a common treat for dogs, consisting primarily of fat and 

protein, with a medium moisture content that allows for longer shelf-life without requiring 



93 
 

refrigeration (Kim et al., 2020). A lower water content and water activity can be achieved 

through dehydration, one of the oldest preservation techniques used in meat products (Ayanwale 

et al., 2007). In terms of sensory characteristics, the drying method can impact the quality of 

jerky products. For instance, dehydration can reduce the nutritional content and alter the color of 

the samples (Doymaz et al., 2016), as well as affect the product’s structure by creating pores and 

causing shrinkage, which ultimately influences its texture (Koc et al., 2008).   

 Additionally, the texture of a product can be affected by dehydration, particularly when 

ingredients like hydrocolloids are added. Hydrocolloids in formulations can influence heat 

penetration during processing, which in turn affects the texture of canned food (Dainton et al., 

2021). Other parameters like aroma can be formed during cooking process by the formation of  

volatiles compounds thus ultimately contributing to the flavor of the meat (Wang et al., 2023). 

For pet owners, evaluating taste characteristics in pet food can be challenging, as human 

panelists are not typical consumers of these products. Consequently, factors like appearance and 

aroma tend to have a greater influence on the acceptability of pet food (Di Donfrancesco et al., 

2014).  

 Regarding purchasing decisions for pet food, owners are often highly influenced by the 

product’s overall appearance (Herrera‐Corredor et al., 2007). Furthermore, pet owners commonly 

use treats to strengthen their emotional bond with their pets (Calancea et al., 2024), as incentives 

for good behavior, and during training sessions (Luño et al., 2021). Therefore, understanding 

human perception can be crucial for product marketability considering pet owners typically have 

an initial interaction with the product before providing it to their pet. The objective of this study 

was to evaluate the effect of dehydration time on various sensory characteristics of jerky-style 

treats made with SP among pet owners.  
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4.4 Materials and Methods 

4.4.1 Preparation of raw samples and ingredient composition 

  Swine pluck (SP) was the main ingredient used in the formulation process to 

manufacture the jerky-style pet treats. This component comprising the trachea, heart, lungs, and 

esophagus (excluding the presence of the thyroid gland) was collected as a single unit during hog 

processing at the plant. SP is a valuable protein source for pet food products. Raw SP was 

obtained from the Lambert-Powells Meat Lab at Auburn University and stored at -20 °C to 

preserve its quality. Before preparation, the SP was transferred to refrigerated temperature for a 

period of 48 h prior to usage. Once thawed, the SP was ground using a 4.76-mm diameter grinder 

plate in a commercial 20-quart meat grinder.  

4.4.2. Structure forming technology inclusion 

 A combination of 1% of sodium alginate (SA; Tilley distribution, Waldo, ME, USA) and 

0.85% encapsulated calcium lactate (ECL; Balchem in New Hampton, NY, USA) was mixed 

with ground raw SP. The mixture of SA and ECL was referred to as ALGIN. According to the 

Food and Drug Administration (FDA), the maximum permitted level of sodium alginate in all 

other food categories excluding gelatins and puddings, hard candy, and processed fruits and fruit 

juice intended for human consumption is 1% (FDA, 2023). During sample preparation, half of 

the SA was initially added and mixed at a low speed for 30 s, followed by a high-speed mix for 

another 30 s. The remaining SA was then introduced using the same mixing method. ECL was 

incorporated similarly, adhering to the same mixing procedure.  
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4.4.3. Sample extrusion and drying method 

 The ground SP mixture was shaped into jerky strips using a single-strip nozzle probe with 

a width of 38.1 mm. These strips were then wrapped in plastic to retain moisture and refrigerated 

at 4 °C for 16 h to facilitate gelation. The long jerky strips were cut into shorter segments, 

approximately 76.2 mm in length. For drying, the dehydrator oven (KWASYO Food Dehydrator 

Machine) was preheated at its maximum temperature of 90 °C for 8 min. Therefore, the jerky 

strips previously placed on metal racks were transferred to the preheated dehydrator oven. The 

drying temperature was set to 68.3 °C. Once this temperature was achieved, samples were 

collected during five different dehydration times, including 3, 4, 5, 6, and 7 h. Moreover, the 

water activity (aw) of the samples was at or below 0.85 after the samples were dehydrated for 7 h.  

4.4.4 Demographics characteristics of pet owners  

 The demographic characteristics of pet owners surveyed in this study are presented in 

Table 4.1. Participants were pre-screened based on prior pet ownership and their involvement in 

purchasing pet treats. Regarding age distribution, 60% of the pet owners were between 22 to 30 

years, followed by 16% who were between 18 to 21. The remaining age groups included 9 % 

between 31 to 40, 8% between 41-50, 4.0% between 51 to 60, and 3% between 61 and 70 years. 

Based on ethnicity characteristics, 65% of the pet owners were Caucasian, followed by 22% of 

Hispanic or Latino. Other ethnicities represented in this study include 8% Asian and Pacific 

Islander, 3% Black, and 2% other ethnicity.  

 Regarding gender, most pet owners participants were female (67%), while 33% were 

male. Occupation was another characteristic surveyed among the participants, with the majority 

falling into two categories: 31% were master of science students, and 31% were either faculty or 

staff members of Auburn University. This was followed by 20% of undergraduate students, 13% 
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of doctoral students, and 5% who were categorized under other occupations. The demographic 

questionnaire also included questions on pet ownership, previous experience living with pets, pet 

treat purchases, and whether they checked the ingredient list when purchasing pet treats.  

4.4.5. Sensory parameters in jerky-style pet treats  

 One hundred pre-screened pet owners from Auburn University (Auburn, AL, USA) were 

selected to participate in this study. Each jerky strip, categorized by dehydration time, was placed 

into a 152.4-mm paper plate for sample preparation. A three-digit code was assigned to each 

dehydration time and distributed in a random order generated by a sensory software (Red Jade 

Sensory Solutions LLC, Pleasant Hill, CA, USA). Participants evaluated a total of 5 samples in a 

period of 15 minutes, and they were compensated for their evaluation time. Liking scores of SP 

jerky-style pet treats were evaluated using a 9-point hedonic scale, ranging from 1 = extremely 

dislike to 9 = extremely like, to assess the samples' overall liking and sensory attribute liking 

(appearance, color, and texture) among the pet owners participants based on observation, touch, 

and smell. However, pet owners were not allowed to taste the samples. 

 Purchase intent among pet owners was measured using a 5-point purchase intent scale 

ranging from 1 = definitely would not buy to 5 = definitely would buy. After evaluating the 

samples, each participant completed a basic demographic questionnaire such as age, ethnicity, 

gender, occupation, and some questions related to the purchasing decision of pet food. Data was 

collected using Red Jade Software (Red Jade Sensory Solutions LLC, Pleasant Hill, CA, USA).  

4.4.6 Comparison between overall liking and demographic characteristics 

 The demographic characteristics of pet owners may influence the sensory evaluation of 

jerky-style pet treats. To determine if these characteristics affected the overall liking scores, the 
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scores were compared against various demographic factors, including gender, ethnicity, pet 

ownership, and prior experience living with pets. 

4.4.7. Statistical analysis 

Data were analyzed using a mixed model, with dehydration time as the fixed effect and 

participants as the random effect, using XLSTAT 2023 version 3.1 (Lumivero, Denver, CO, 

USA). A 2-way ANOVA test was performed to evaluate the interaction of overall liking scores 

and demographic characteristics to determine if participant demographics influenced overall 

liking. The experimental unit for this study was each jerky strip. Pairwise comparisons were 

performed using Tukey’s Honestly Significant Differences (HSD) test. Means were considered 

different when P ≤ 0.05. Incomplete responses from participants were removed from the 

statistical analysis.  

4.5 Results and Discussion 

4.5.1. Demographic characteristics of pet owners 

Pet ownership-related questions among pet owners are observed in Table 4.2. A total of 

one hundred pet owners participants were surveyed in this study. However, some responses were 

excluded from the analysis due to inconsistencies in the data. Regarding pet ownership, most 

respondents were dog owners (36%), followed by 29% of owners with dogs, cats, and other 

species. Other categories included 17% who were dog and cat owners, 16% who were only cat 

owners, and 2% who had other species of pets. Data on previous experience living with pets 

showed that 82% of pet owners had lived with pets for ten years or more. This was followed by 

10%  who had lived with pets for around 2-5 years (10%). Additionally, 7% of pet owners had 

lived with pets for 6-9 years, and only 1% had lived with pets for less than a year.    
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This study also surveyed pet treat purchase frequency to understand purchasing decisions. 

The data showed that most pet owners (49%) purchased pet treats once a month. Furthermore, 

27% of pet owners purchased treats every two weeks. Regarding the remaining frequencies, 11% 

purchased treats once a week, 7% purchased treats once every two months, 4% of pet owners 

purchased treats less than once every two months, and 2% purchased treats twice a week. Pet 

owners were also surveyed about their habits of regularly checking the ingredients when 

purchasing pet treats. The data revealed that 42% of pet owners sometimes check the ingredient 

list, while 34% always check the ingredients. Among the other respondents, 19% rarely check 

the ingredient list, and 5% never check it when purchasing pet treats. Pet owners evaluated 

factors such as appearance, color, ingredients, price, and shape based on their level of importance 

when purchasing pet treats. Data revealed that ingredients have the highest importance of all 

these factors, followed by price. 

  According to U.S. pet ownership statistics from the American Pet Products Association, 

58 million out of the 82 million pet-owning households have a dog. These findings align with the 

results observed in this study (APPA, 2024). Furthermore, the American Veterinary Medical 

Association (AVMA) reported similar results, with 62 million households in the U.S. owning a 

dog ((AVMA), 2022). Another sensory study of pet owners' purchasing behavior for pet food 

found that most pets take approximately four weeks to finish a whole package of food. Similarly, 

our survey on pet treats showed that the majority of pet owners purchase these products every 

month (Morelli et al., 2021). 

 The ingredients in pet food impact pet food purchasing decisions. Previous research has 

shown that dog owners prefer natural ingredients over traditional formulations and are willing to 

spend more on premium-quality products (Simonsen et al., 2014). Similar to our findings, a 
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study on pet food purchasing choices found that dog owners check the ingredients labels more 

nowadays (Boya et al., 2015). In another study, pet owners were surveyed regarding wet and dry 

food purchasing choices. The results showed that label ingredients are an essential factor for 

owners when purchasing wet pet food (Vinassa et al., 2020).  

4.5.2 Sensory parameters evaluated in jerky-style pet treats  

Dehydration time significantly influences sensory parameters of jerky-style pet treats 

made with SP among pet owners (P < 0.0001). Results from sensory parameters will be 

displayed in Table 4.3. Regarding overall liking, no statistical differences among owners were 

observed between dehydration time (P = 0.1350). Likewise, regarding appearance, similar results 

were found for this parameter, with no significant differences between dehydration time and 

appearance (P = 0.8463). The color of pet treats made with SP dehydrated during different time 

frames was significantly different among pet owners (P = 0.0045).  

Based on color liking scores, those treats dehydrated for 3, 4, 5, and 6 h were higher than 

those dehydrated for 7 h (P = 0.0045). However, treats dehydrated for 5 and 6 h had similar 

liking scores as samples dehydrated for 7 h. Furthermore, texture parameters were statistically 

different between treatments among pet owners (P < 0.0001). Samples dehydrated for 4, 5, 6, 

and 7 h had higher texture liking by pet owners than those dehydrated for 3 h, with the lowest 

liking scores.  

This study evaluated pet owners' intent to purchase jerky-style pet treats from swine 

pluck dehydrated at different times. Significant differences were observed between dehydration 

time and intent to purchase the treats (P = 0.0008). Pet owners had greater intent to purchase 
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jerky-style pet treats dehydrated for 4, 5, 6, and 7 h. On the other hand, pet treats dehydrated for 

6 and 7 h had a similar intent to purchase by owners compared to those dehydrated for 3 h.   

In contrast to our findings, a sensory study performed on dry dog food reported that the 

overall liking of the product was strongly linked to its appearance. Likewise, pet owners’ overall 

liking scores influenced their color liking scores (Di Donfrancesco et al., 2014). When it comes 

to purchase intent, the overall appearance of a product can significantly impact buying decisions 

(Herrera‐Corredor et al., 2007).  

A study on extruded pet food yielded results contrary with ours, where pet owners did 

detect significant differences in appearance-liking scores in chicken byproduct meal samples. 

The study also assessed the product’s shelf-life, finding that fresh chicken byproduct meal 

samples received higher liking scores among pet owners than those made with bone and beef 

meat. Moreover, the unappealing color of some samples contributed to lower liking scores from 

some pet owners (Chanadang et al., 2016). Furthermore, panelists’ color preference scores 

differed from our findings, as the color of beef jerky samples dehydrated for varying durations 

was perceived similarly across samples. This suggests that each panelist may have distinct 

preferences when evaluating jerky products (Konieczny et al., 2007).  

The texture of a product can also impact the sensory evaluation of pet food. Therefore, a 

sensory study performed can be employed to quantify the texture properties of pet food (Koppel, 

2014). Regarding purchasing decisions among pet owners, texture of the product also influences 

their acceptance, alongside with other factors (Chanadang et al., 2016). According to data from 

Koppel et al., 2014, human panelists are used in the sensory evaluation of pet food due to their 

ability to be trained to describe the textural properties of pet food, as opposed to animal-based 

evaluations (Koppel et al., 2014).  
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4.5.3 Comparison between overall liking and demographic characteristics 

 Results comparing the overall liking of jerky-style pet treats made with SP across 

demographic characteristics are presented in Table 4.4. No significant interactions were observed 

among the treatment and gender (P = 0.775,  ethnicity (P = 0.972), type of pet (P = 0.748), and 

previous experience living with pets (P = 0.635). However, when comparing genders, males had 

a higher overall liking than females (P = 0.018). Ethnicity also impacted overall liking scores, 

with Hispanic or Latino panelists rating overall liking higher than all other ethnic groups (P = 

0.001). Regarding pet ownership, panelists that owned dogs had a higher overall liking than 

those of other pets (P = 0.008). Additionally, participants who had lived with pets for  2-5 years 

had a significantly higher overall liking score than those with different experience durations (P = 

0.011).  

 With regard to liking scores based on gender, similar findings were found in a study 

performed on fat-rich meat, where males rated the products higher than females, including in 

comparison of pork. This gender difference may be attributed to fat content, as females tend to 

be more health-conscious (Spinelli et al., 2020). Another study on meat products observed 

significant gender differences, with males giving higher ratings in sensory evaluations of various 

meat samples. Although the majority of participants were female, the male group consistently 

rated the samples higher (Dinnella et al., 2023). These differences may be influenced by color 

preferences, as male panelists tend to favor red meat (Ritzel & Mann, 2021).  

 The ethnicity of panelists can also influence the overall liking of the samples. Similar 

findings were observed in a study evaluating food samples, where Hispanic participants gave 

higher liking scores to certain food items compared to other ethnic groups (Aldaz et al., 2022). 

When evaluating the overall liking of the product, pet ownership can also affect the scores. 
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However, our results contrast with a previous study on pet owners perception of pet food, where 

cat owners prioritized the smell and appearance of the samples, while dog owners were more 

concerned with the ingredients and the product healthfulness (Vinassa et al., 2020). Additionally, 

another study found that owners who had lived with pets for an extended period developed a 

deeper understanding of their pets preferences and acceptance of various pet foods (Bradshaw, 

2006).  

4.6 Conclusions 

 Sensory characteristics of dehydrated jerky-style pet treats made with swine pluck have 

an influence on pet owners liking scores of the samples. Among the 100 hundred pet owners 

surveyed, the overall liking and appearance of the samples were not impacted by the dehydration 

time evaluated in this study. However, pet owners were able to differentiate between the samples 

based on color and texture. Additionally, differences were found in purchase intent among SP 

samples, with intent scores ranging from 2.79 to 3.23 (± 0.13). SP jerky treats dehydrated for 3 h 

had the least favorable scores compared to other treatments.   

Regarding demographic characteristics, the majority of pet owners had a dog (36%), had 

lived with pets for more than 10 years (82%), purchased pet treats once a month (49%), and 

sometimes checked the ingredients label of treats (42%). Furthermore, when comparing overall 

liking and demographics data, significant differences were observed across gender, ethnicity, 

type of pet, and previous experience living with pets. Male participants, Hispanic or Latino 

owners, dog owners, and those who had lived with their pets for 2 to 5 years reported higher 

liking scores compared to other categories.  
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 Overall, the sensory evaluation of jerky-style pet treats made with swine pluck offers 

valuable insight into pet owners’ acceptability and purchasing decisions, given that pet owners 

are the initial decision-makers. However, as a future direction, it would be important to conduct 

preferences tests involving both the owners and their pets. Gathering data on the pet owners 

purchasing decisions along with the pet’s liking scores could help the pet food industry better 

align product characteristics with the preferences of both owners and pets, particularly in terms 

of organoleptic and palatability features.    
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Table 4.1 Demographic characteristics of pet owners evaluating jerky-style pet treats made with 

swine pluck.  

 

Demographic characteristics1   Percentage (%) 

Age (years; n = 100)     

18-21  16 

22-30  60 

31-40  9 

41-50  8 

51-60  4 

61-70  3 

Ethnicity (n = 100)     

Asian or Pacific Islander  8 

Black  3 

Hispanic or Latino  22 

Native American   0 

White  65 

Other  2 

Gender (n = 100)     

Female  67 

Male  33 

Occupation (n = 100)     

Faculty/Staff  31 

Doctoral student  13 

Master’s student   31 

Bachelor’s student  20 

Other   5 
1 Demographic characteristics: pet owners were asked to complete a demographic questionnaire 

regarding their age, ethnicity, gender, and occupation. 
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Table 4.2 Pet ownership questionnaire evaluating jerky-style pet treats made with swine pluck.  

 

Pet ownership questionnaire   Percentage (%) 

Type of pet (N = 100)     

Cat  16 

Dog  36 

Dog and cat  17 

Dog and cat / other species  29 

Other  2 

Lived with pets (years; N = 98)      

< 1  1 

2 to 5  10 

6 to 9  7 

10 or more  82 

Treat purchase frequency (N = 88)     

Twice a week  2 

Once a week  11 

Every 2 weeks  27 

Once a month  49 

Once every 2 months  7 

Less than once every 2 months  4 

Check ingredients (N = 96)     

Always   34 

Sometimes  42 

Rarely  19 

Never   5 
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Table 4.3 Effect of dehydration time on sensory parameters of jerky-style pet treats made with swine pluck. 

    Sensory parameters1 evaluated in SP jerky-style treats2 

  Dehydration time (h)3 

Variable   3 4 5 6 7 SEM4 P - value5 

Overall liking  
5.01 5.41 5.61 5.37 5.48 0.21 0.1350 

Appearance  
5.11 5.30 5.26 5.17 5.13 0.20 0.8463 

Color  
5.08a 5.03a 4.74ab 4.73ab 4.60b 0.15 0.0045* 

Texture  
4.19b 5.21a 5.65a 5.33a 5.16a 0.30 < 0.0001* 

Intent to purchase6
   2.79b 3.18a 3.23a 3.02ab 3.09ab 0.13 0.0079* 

1 Sensory parameters were evaluated in one hundred pet owners. 
2 The dehydration of jerky-style pet treats occurred in a dehydrator oven set at 68.3 °C until each dehydration time was reached. 
3 Dehydration time was collected during five different periods, including 3, 4, 5, 6, and 7 h. 
4 SEM = highest standard of the LS means comparisons. 
5 P – value: significant differences were determined when P ≤ 0.05. 
6 Intent to purchase variable was measured using a 5-point purchase intent scale. 
a-c Means within a row with different superscripts differ at P ≤ 0.05. 

 

 

 

 

 



111 
 

 

Table 4.4 Comparison between overall liking and demographics of jerky-style pet treats made with swine pluck.  

1 Interaction between overall liking and demographic characteristics was analyzed using a 2-way ANOVA. 
2 The dehydration of jerky-style pet treats occurred in a dehydrator oven set at 68.3 °C until each dehydration time was reached. 
3 The highest score among categories for each variable was selected to determine significant differences. 
4 Differences were declared when P ≤ 0.05.  
 

 

 

 

 

 

    

Interaction between demographics and overall liking on sensory characteristics of 

jerky-style pet treats made with swine pluck2 

Variable   Category3 P – value4 

Gender  Males 0.018 

Ethnicity  Hispanic or Latino 0.001 

Pet  Dog 0.008 

Lived with pets    2 to 5 years 0.011 


