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ABSTRACT 

The objective of this study was to investigate differences in smoked beef 

brisket palatability from three USDA quality grades (USDA Prime, average Choice, 

and Select quality grades) and to investigate the ability of Rapid Evaporative 

Ionization Mass Spectrometry to classify brisket type and sensory characteristics.  

Briskets (n = 54; 18 per quality grade) were seasoned with a blend of 1:1 coarse 

salt/black pepper, and then cooked in a smoker to a final internal temperature of 93˚C. 

For sensory analysis briskets were separated into point and flat portions, and then 

sliced perpendicular to the muscle fiber. Consumer panelists (n=360) evaluated 

palatability traits, acceptability of each trait, and willingness to pay (WTP).  An 

interaction between quality grade and muscle was observed (P ≤ 0.03) for all 

palatability traits, proportion of acceptable samples, and WTP. Consumers could not 

distinguish between quality grades of the point portions for tenderness, juiciness, 

flavor and overall liking (P > 0.05). Point samples, regardless of quality grade were 

scored greater (P < 0.05) than Prime flat samples. Choice and Select flats scored lower 

than all other treatment combinations for tenderness, flavor liking, and overall liking. 

In alignment with palatability traits, consumers were willing to pay the most for point 

portions, regardless of quality grade (P < 0.05), followed by Prime flat portions. 

Choice and Select flat portions had the lowest WTP (P < 0.05). Consumer 

acceptability generally followed similar trends as palatability scores.  Quality grade 

had no effect on the eating quality of the point portions of smoked briskets, and point 

portions received superior palatability scores to flat portions. Prime flat portions had 
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greater eating quality compared to that of Choice and Select flat portions, and 

consumers were willing to pay more for what they perceived as superior eating 

quality.  

 A sample was taken from the brisket flat (pectoralis profundi) and point 

(pectoralis superficialis) for REIMS analysis. The samples were vacuum packaged, 

labeled, and frozen. Frozen samples were thawed, and a molecular fingerprint of each 

sample was collected via REIMS to build prediction models. When Prime, Choice, 

and Select, flat and point sections were combined, balanced prediction accuracy 

reached 98.2%. Sensory models were built to assign samples into High. Medium, and 

Low categories based on all sensory attributes. (i.e., tenderness, juiciness, flavor, and 

overall liking). Tenderness class was predicted with 90.7% balanced prediction 

accuracy, and juiciness class was predicted with 88.9% balanced prediction accuracy. 

Additionally, Flavor class was predicted with 85.2% balanced prediction accuracy, 

and overall liking class was predicted with 91.7% balanced prediction accuracy. The 

current data suggests that with fine tuning REIMS generates a metabolic fingerprint 

that can meaningfully predict beef brisket composition and numerous beef quality 

attributes. 
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CHAPTER I 

REVIEW OF LITERATURE 

Barbecue and Smoked Meats 

The golden age of barbecue is currently sweeping across America. In a dozen 

years since Pitmaster’s Andy Husbands and Chris Hart, first released their book 

“Peace, Love, and Barbecue,” barbecue has skyrocketed in popularity (Husbands et 

al., 2017). Barbecue has clearly emerged as a breakout cooking genre which is evident 

through the growth of groups such as the Kansas City Barbecue Society, which has 

doubled in membership since 2012 (Husbands et al., 2017). It is estimated that as 

much as 40% of total meat products sold are smoked (Toldra, 2010). In the past few 

decades the process of smoking meats has progressed tremendously. Some of the most 

significant developments include the control of smoke by the application of rational 

procedures for smoke generation and the use of engineering principles regarding heat 

and mass transfer to control process time and product weight loss. Additionally, 

improvements have been made in the optimization of processes in order to achieve 

desired sensory characteristics and guarantee food safety, modernization of smoke 

houses, and treatment of spent smoke to reduce effects on the environment (Toldra, 

2010). 

History of Barbecue 

The term “barbecue” is reserved as a term used to describe a method of 

cookery that involves slow heat and the application of smoke (Deutsch et al., 2015). 

During barbecuing, the product is not heated by the radiation of flames such as in 
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grilling, it is instead heated by the conduction of heat from the hot air surrounding the 

product, similar to that of oven roasting (Deutsch et al., 2015). The second portion of 

the barbecuing cookery method involves the application of smoke to the product. 

Smoke can be acquired in several methods most commonly through the burning of 

wood chips or pellets, or through the application of liquid smoke. Smoke is viewed as 

one of the only true essential added flavors for barbecue products (Deutsch et al., 

2015).  

One possible origin of the word barbecue comes from the French barbe a 

queue, which translates to “beard to tail”, which represents early whole spit roasting of 

pigs or other animals. Similarly the Arawak and later creole term barboka or barbacoa, 

describes the assembly of sticks over a fire on which fish and meat are slowly grilled 

over the coals (Deutsch et al., 2015). The earliest signs of fire being applied to pieces 

of meat can be observed as much as 1.5 million years ago, in south Africa through the 

Afrikaans version of barbecue which included boerewors, a circular sausage, and 

sosatie, a South African kebab (Deutsch et al., 2015).  

Smoking Meats 

The process of cooking and smoking of meats are closely related and typically 

practiced together. Although cooking and smoking are normally done in conjunction 

they can be done separately (Toldra, 2010). The primary purposes of smoking meat 

are development of aroma and flavor, preservation, creation of new products, 

development of color, formation of a protective skin on emulsion type sausages, and 

protection from oxidation (Pearson et al., 1999).  
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The two most common forms of smoking are hot and cold smoking, although 

the application of cold smoke does typically result in a mild increase in temperature 

(Pearson et al., 1999). Hot smoking can start at 40-60ºC but can continue as the smoke 

house temperature rises and can take place at temperatures as high as 90-100ºC 

depending on the product and desired flavor, with a relative humidity of 60-85% for 

up to 4 hours (Herring et al., 2012). Cold smoking is typically performed inside the 

smokehouse at 10-25ºC with approximately 75-80% relative humidity and the 

temperature outside the smokehouse being +/- 5ºC to reduce the condensation 

formation (Herring et al., 2012). Cold smoking is one of the oldest methods of 

preservation in the world and is typically done in colder parts of the world. Weight 

loss for the products is typically in the 15-20% range, and this method is typically 

used on products that need further thermal processing such as cold-water fish, 

dried/fermented sausage, and cured bacon. (Herring et al., 2012)  

One of the most important properties of smoke is its effect on bacterial 

population. Smoke generally is most effective on vegetative forms of bacteria, with 

molds being considerably resistant (Toldra, 2010). Smoking has little to no effect on 

molds and yeasts during early stages of smoke processing, but once stored, microbial 

loads of smoked products are lower than unsmoked controls (Toldra, 2010). Various 

components of smoke have antimicrobial effects; however, they do not all inhibit 

growth at the same time. Phenols for example, are known to prolong the lag phase 

proportionally to their concentration within a product (Toldra, 2010). Hot smoking is 

also known to reduce the number of viable organisms one to two log cycles, with the 
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effect increasing with lengthened smoking times and increased smoking temperatures. 

Some examples include smoked trout where thermotolerant microorganisms such as 

Staphylococcus epidermis are not able to survive (Toldra, 2010). Additionally, cold-

smoked salmon even inhibits the growth of Listeria monocytogenes after 12 hours of 

smoking, with a reduced microbial load of three log cycles (Toldra, 2010). Also, 

smoking bacon greatly reduces the number of surface bacteria, aiding in the extension 

of shelf life (Toldra, 2010). All of these examples are due to the bactericidal and 

bacteriostatic properties of smoke (Toldra, 2010). Additionally, the removal of 

moisture from the surface of meat during the smoking process retards and reduces 

bacterial growth (Pearson et al., 1999). Although smoking meat has a preservative 

type effect on the product, the necessity for the preservative effect has declined with 

progressions in mechanical refrigeration (Pearson et al., 1999). 

Production of Smoke 

Smoke generation is a product of the pyrolytic changes of wood. Pyrolysis 

(Greek- derived with pyr = fire and lysis = loosening) is a type of incineration that 

breaks down organic matter via chemical reactions in an anaerobic environment 

(Herring et al., 2012). Two major steps occur: the primary breakdown of wood via 

pyrolysis and modification of the pyrolytic products via secondary break downs 

(polymerization, redox reactions, condensation, etc.) Pyrolysis begins at 200-300ºC 

with typical occurrences being measured at 430ºC up to an ideal limit of 700ºC 

(Herring et al., 2012). Smoke generation is typically performed by the smoldering of 

wood chips without a flame. Smoldering allows for steady smoke generation of the 
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desired concentration without the risk of higher temperatures or concentration changes 

if a flame is introduced by ignition of wood chips (Herring et al., 2012). Friction is 

another method of smoke generation. During this process a block of pressed sawdust 

or a wooden block is pressed against a rotating wheel. The resistance between the 

wheel and block creates friction which in turn increases the temperature and causes 

smoldering to begin (Herring et al., 2012). 

When heat is first applied to wood, drying occurs. Even very dry wood consists 

of about 20% moisture. Wood is still drying up to temperatures of 100ºC, and the 

evaporation of the moisture creates a cooling effect, which is why it is so difficult to 

burn “green” or wet wood (Franklin et al., 2015). Wood consists of 40-60% cellulose, 

20-30% hemicellulose, and 20-30% lignin (Pearson et al., 1999). During thermal 

decomposition of wood or wood sawdust, a temperature gradient typically exists 

between the outer surface and the inner core. While the outer surface hovers around 

100ºC, the internal moisture content approaches zero, and the temperature begins to 

rise rapidly to between 260 and 400ºC. Once in this temperature range thermal 

decomposition occurs and smoke is given off (Pearson et al., 1999). Most of the 

changes in wood of any consequence to smoke occur from 200-400ºC. In the range of 

200-260ºC, gases are released, and a sharp increase in the amount of volatile acids are 

evident (Pearson et al., 1999). Between 260-310ºC pyroligneous liquor and some tars 

are produced. As the temperatures reach above 310ºC lignin is decomposed, yielding 

phenol and its derivatives (Pearson et al., 1999). The complexity of smoke is increased 

by the oxidative changes that result from the introduction of oxygen during smoking. 
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When the amount of air is limited severely, the smoke develops a dark appearance and 

contains large amounts of carboxylic acids. This form of smoke is generally not 

desired for smoked meat products (Pearson et al., 1999). The best quality smoke is 

produced at a combustion temperature of 340-400ºC and at an oxidation temperature 

of 200-250ºC; however, under normal operating procedures it is not possible to 

separate the oxidation and combustion process since smoke generation is exothermic 

(Pearson et al., 1999). Although combustion temperatures of 400ºC are desirable for 

maximum production of phenols, this high temperature also favors the formation of 

benz[a]pyrene and other polycyclic hydrocarbons. To minimize the productions of 

carcinogenic compounds, a combustion temperature of 340ºC appears to be a 

reasonable compromise (Pearson et al., 1999).  

Nature of Smoke 

At the point of generation, smoke exists in the gaseous state; however, it 

quickly separates into the vapor and particle state (Pearson et al., 1999). The vapor 

phase consists of the more volatile compounds and is largely responsible for the 

characteristic flavor and aroma of smoke. Some experiments using electrostatic 

precipitation of the particle phase have found that up to 95% of the smoke flavor 

comes from the vapor stage (Pearson et al., 1999). The removal of the particle phase 

by precipitation greatly reduces the content of tars and polycyclic hydrocarbons, 

which are undesirable in smoke (Pearson et al., 1999). As soon as smoke is generated 

numerous reactions and condensations occur. Aldehydes and phenols condense to 
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form resins, which represent about 50% of the smoke components and are believed to 

provide most of the color in smoked meats (Pearson et al., 1999).  

Smoke Composition 

Smoke is a mixture of multiple wood combustion products (gases, tar, ash, 

carbonyls, and phenols) that are visible as gases (carbon dioxide, water vapor, and 

nitrogen) and carry unburned solid particles as they escape the combustible heat 

source (Herring and Smith, 2012). The exact composition or ratio of gases and solids 

within the smoke stream is defined by the type and moisture content of wood, rate and 

temperature of heating/burning, and other factors such as air flow (Herring and Smith, 

2012). More than 300 different compounds have been isolated from wood smoke, 

although not all compounds have been found in smoked meat products (Pearson and 

Gillet, 1999). Outside factors such as the temperature of combustion, conditions in the 

combustion chamber, oxidative changes in the compounds formed and many other 

factors have been found to alter smoke composition (Pearson and Gillet, 1999). The 

most common chemical components found in wood smoke include phenols, organic 

acids, carbonyls, hydrocarbons, and some gaseous components such as carbon dioxide 

(CO2), carbon monoxide (CO), oxygen (O2), nitrogen (N2) and nitrous oxide (N2O) 

(Pearson and Gillet, 1999).  

Types of Wood used for Smoking Meats 

Wood is important for two functions: providing heat and supplying smoke. All 

wood is composed of mostly three organic compounds: cellulose, hemicellulose, and 

lignin (Franklin et al., 2015). In wood the high proportion of lignin provides the 
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girders that reinforce the cellulose and hemicellulose cells and gives wood its tensile 

strength (Franklin et al., 2015). It also provides more flavorful compounds of smoke 

and also burns hotter than cellulose. Most hardwoods are denser than softwoods 

(Franklin et al., 2015). Any hardwood, such as oak, hickory, and maple, which are 

traditional favorites, can be used for smoking meat products (Seaver, 2013). Woods 

like mesquite are high in lignin, burn very hot, and can sometimes have very 

aggressive flavors. Orchard woods of fruit or nut trees can have subtle and sweet 

undertones (Seaver, 2013). Softwoods, such as pine and spruce, do not burn cleanly, 

resulting in the buildup of soot, which imparts a darker smoke color (Herring et al., 

2012). Additionally, softwoods such as pine are not good for smoking as they have 

high resin content and burn unevenly with unappetizing flavors (Seaver, 2013).  

Sharma et al. (2019) smoked pulled pork shoulder using four different wood 

blends (hickory, apple, oak, and mesquite) across two types of smokers (offset and 

electric) (Sharma et al., 2019). Questionnaires were developed in order to investigate 

consumers liking of sensory characteristics using open ended questions described as 

“If you had to describe the characteristics of this product to a friend, what three words 

would you use? Common terminology across samples included bland, smoky, burnt, 

and fatty. It was found that apple wood smoked samples had higher instances of being 

described as tender. Also, apple wood was described as moist while oak was 

recognized as dry. Oak and hickory were recognized as very flavorful, with oak, 

hickory, and mesquite being commonly referred to as “smokey” (Sharma et al., 2019).   
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Wood used in the smoking process is available in many forms. Sawdust is one 

of the most common forms and is best option to deliver slight hints of flavor to food 

without creating additional heat (Seaver, 2013). On gas grills it fills the chamber with 

smoke without any hotspots. Another common form of wood used for smoking 

includes wood chunks. Wood chunks are the best option for long lasting heat and 

flavor, as they burn slowly when restricted for air. Additionally, if wood chunks are 

provided minimal amounts of oxygen during the smoking process, they can be used to 

replace charcoal (Seaver, 2013). Another common form is wood chips, which have a 

high surface area but can be used at a low volume. Chips give a more lasting smoke 

flavor than sawdust; however, they are known to add heat to the smoking process so 

their placement in relation to the product is important (Seaver, 2013). 

Pellet Smokers 

 Pellet smokers are currently one of the hottest trends in the barbecue industry 

according to the Hearth, Patio and Barbecue Association (HPBA). According to the 

BarbecueBible.com roughly 300,000 units were sold in 2018. As early as 2008 only 

two manufacturers of pellet smokers were on the market, Traeger and MAK. Now 

more than 20 brands are in North America and competitive barbecuers are utilizing the 

technology and winning (Raichlen, 2019). Some advantages to pellet smokers include 

quick preheating in 10-15 minutes, temperature monitoring within 5-degree 

increments, built in product thermometers, and due to the convection action of the 

smoker products are cooked more evenly with less fear of overcooking (Raichlen, 

2019). According to Greenmountaingrill.com, pellet smokers function on the use of a 
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motor that turns an auger system feeding pellets into a contained firebox. A heat rod 

within the box ignites the pellets, and a variable speed fan keeps the pellets burning. 

The venturi-style firebox has vertical vernts to create a pot cyclone of air flow for 

complete combustion and minimal waste (Green Mountain Grill, 2020). A heat shield 

inside the firebox distributes the heat to both sides of the grill causing a flow upward 

into a convection style grill chamber. A sensor within the grill records data every ten 

seconds in order to adjust the flow of pellets and air throughout the system (Green 

Mountain Grill, 2020). 

Smoke Effect on Sensory Characteristics 

The desirable sensory characteristics of smoked products result from the 

concerted action of salting or curing, seasoning, pre-drying, smoking, and heating, and 

in some cases also dyeing (Toldra, 2010). The color developed on the surface of 

products is due to the presence of colored smoke components reacting with the meat 

product or casing. A significant contribution to the color development of smoked 

products is the reaction of carbonyl compounds present predominately in the vapor 

phase of the smoke (Toldra, 2010). The kind of wood used for smoke generation is 

also important as smoking with beech, maple, ash or sycamore can lead to gold-yellow 

color, while a yellow-brown color originates from the use of woods such as oak, nut, 

and alder smoke. Products treated with smoke from coniferous wood have dark 

coloration (Toldra, 2010).  

The products of thermal decomposition of cellulose and hemicelluloses are the 

result of caramelization and the source of fruity and floral scents, while the phenols 
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generated by decomposition of lignin contribute to the flavor associated with smoke, 

scorch, spices, vanillin, and clover (Toldra, 2010). Desirable smoky flavor is 

associated with the presence of a mixture of syringol and 4-methylsyringol (Toldra, 

2010). The interaction of smoke with nitrogenous compounds can also lead to some 

texture changes; however, the overall magnitude of change is more dependent on the 

type of meat product (Toldra, 2010). 

Overview of Sensory Evaluation 

Sensory evaluation is a scientific discipline used to evoke, measure, analyze, 

and interpret reactions to those characteristics of foods and materials as they are 

perceived by the senses of sight smell, taste, touch, and hearing (Stone et al., 1993). 

The concepts of sensory evaluation originated from physiology and psychology, and 

using human subjects causes the data to become much more complex than research 

that uses instruments to quantify data. Sensory evaluation is crucial as it represents 

acceptability, and in the meat and food industry consumer acceptability is the number 

one determinant of whether a consumer will purchase a product. (Sharif et al., 2017). 

Meilgaard et al. (1991) reported that we perceive attributes of a food item in the order 

of appearance, odor, texture, and flavor. Appearance refers to the visual interpretation 

of the wholesomeness of a product (Nollet et al., 2007). Odor refers to the sensation 

that occurs when volatiles from a product enter the nasal cavity and are perceived by 

the olfactory system (Nollet et al., 2007). Texture refers to the sensory and functional 

manifestation of the structural and mechanical properties of foods (Nollet et al., 2007). 

Lastly, flavor refers to aromatics, taste, and chemical feelings (Nollet et al., 2007). 
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Tastes consist of salty, sweet, sour, and bitter perceptions caused by soluble 

substances in the mouth (Nollet et al., 2007). While chemical feelings include 

astringency, spice heat, cooling and metallic flavor. However, it has been observed 

that appearance is generally the only attribute on which consumers base a decision to 

purchase or consume a food product (Nollet et al., 2007). 

The objectives of sensory evaluation can be divided into two categories, which 

include determining product quality and ultimately providing consumers with products 

they desire. The objectives of sensory testing can be both specific and nonspecific to 

muscle foods. Providing the consumer with products that they desire requires two 

pieces of information, which include sensory descriptive analysis and preference 

(quality) judgements (Stone et al., 1993).  

Sensory Panels 

Sensory panels can be broken down into two segments including trained panels 

and consumer panels (Stone et al., 1993). Trained panels are utilized to provide 

accurate and repeatable data pertaining to the quality of meat products.  

Sensory characteristics such as tenderness, texture, juiciness, and flavor (taste 

and aroma) can be measured objectively, but most importantly consumer perception of 

quality is evaluated during consumer panels (Stone et al., 1993). However, there are 

numerous variables to take into consideration when evaluating the sensory properties 

of foods. Consumer preference can vary by species consumed, as well as numerous 

other factors can impact preference including storage and cookery method (Chambers 

et al., 1993; Nollet et al., 2007). 
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Palatability 

The most important aspect of meat quality is its eating quality or overall eating 

satisfaction (Ferguson, 2004), which encompasses tenderness, juiciness, and flavor 

(Tatum et al., 1999; Thompson, 2004). Based on this observation, marbling score has 

been used by the US beef industry as the primary predictor of beef meat quality (Smith 

et al., 1987). Carcass fat proportion, especially intramuscular fat (marbling), plays an 

important role in the meat sensory characteristics (Ferguson, 2004; Platter et al., 2003; 

Lorenzen et al.,2003; O’Quinn et al., 2012; Corbin et al., 2015), since it contributes 

directly to its sensory properties. Some indirect effects, resulting from the association 

between marbling and carcass overall fatness degree may have a substantial effect on 

meat quality (Berry, 1993; Ferguson, 2004). Consumers desire highly palatable meat, 

so the beef industry must supply meat that excels in tenderness, juiciness, and flavor 

on a uniform basis (Spehar, 2008). 

Traditionally, beef tenderness, juiciness, and flavor have been considered the 

three major attributes used to describe beef palatability (Morgan et al., 1991; Reicks et 

al., 2011) and the combined effect of these attributes defines beef eating quality 

(Behrends et al., 2005). Overall, palatability is the driving force behind preference of 

meat products by consumers and has a tremendous impact on consumers’ purchasing 

decisions (Moeller et al., 1998). Having a better understanding of how tenderness, 

juiciness, and flavor affect palatability, allows for greater insight into consumers 

purchasing and eating habits.  
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Tenderness can be defined as the amount of pressure required to bite through a 

piece of meat (Miller et al., 2001). Tenderness, which is outlined as a component of 

texture, has long been viewed as the most important attribute of meat products, and 

thus has been studied more than any other attribute with consumers (Dikeman, 1987; 

Miller et al., 2001; Spehar, 2008) and is possibly due to the broad range in tenderness 

across products as opposed to other quality characteristics (Nollet et al., 2007). 

Although, according to the National Beef Tenderness Survey, over 85% of retail 

steaks from the rib and loin would be considered tender or very tender (Martinez et al., 

2017). Common sources of tenderness variation in beef are carcass marbling content 

(Killinger et al., 2004), breed/genetics (Wheeler et al., 2004, 2005) and chronological 

age (Purslow, 2005), time on feed (Sami et al., 2004), and ante-mortem stress (Harper, 

1999). Additionally, post-mortem factors can influence tenderness such as aging (Huff 

- Lonergan et al., 1996), electrical stimulation (Strydom et al., 2005), and chilling rate 

(Savell et al., 2005). Understanding how each of these sources of variation affects 

tenderness is important as consumers have been shown they are willing to pay a 

premium for improved tenderness in beef (Boleman et al. 1997, Shackelford et al., 

2001). 

Juiciness has been described as a major attribute contributing to overall 

palatability and overall acceptability (Miller et al., 1995). When Warner-Bratzler shear 

force values are held constant, flavor and juiciness become increasingly important to 

overall palatability (Miller et al. 2001; Corbin et al., 2015). As quality grade increases, 

consumer acceptability of juiciness increases as well (O’Quinn et al., 2012). Lorenzen 
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et al. (1999) and Voges et al. (2007) found that as quality grade decreases consumers 

acceptability of juiciness decreases as well. 

Flavor is the combination of taste, aroma and other sensations within the 

mouth and typically is constituted of basic tastes including sweet, sour, bitter, salt, and 

umami (Meilgaard et al., 2006). Flavor is commonly regarded as the most complex 

factor of palatability because it is the result of various chemical reactions, including 

lipid degradation, Strecker degradation of amino acids, the Maillard reaction initiated 

by reducing sugars and amino acids, and interactions of lipid degradation products 

with Maillard reaction products (Mottram, 1991; Mottram, 1998). Among the products 

of these reactions are volatile compounds, ketones, and heterocyclic compounds 

(Farmer et al., 1991; Mottram, 1991; Cerny et al., 1992; Mottram, 1998). Mcbee and 

Wiles (1967) found that as marbling scores increased in the longissimus dorsi, flavor 

ratings increased as well. Additionally, Neely et al. (1998) found that consumer 

overall liking scores were most highly correlated with flavor ratings (r = 0.86). 

Notably it was discovered by Huffman et al. (1996) that when beef is prepared at 

home that flavor had more of an impact on overall acceptability than any other 

palatability factor. Although an immense amount of research has been conducted to 

evaluate beef flavor it is difficult to compare them due to variance in flavor descriptive 

terms (Adhikari et al., 2011, Maughan et al., 2012). Although some studies have 

regarded tenderness as the most important palatability factor (Dikeman, 1987; Miller 

et al., 2001; Spehar, 2008), studies have shown that when tenderness reaches an 

acceptable level, flavor becomes the next most important driver of beef eating 
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satisfaction (Goodson et al., 2002; Behrends et al., 2005). Additionally, with 85% of 

retail steaks from the rib and loin being consider tender or very tender, the importance 

of flavor to overall beef eating satisfaction is magnified (Martinez et al., 2017). 

Collagen 

Meat toughness is a critical factor of beef quality and palatability. Shear-force 

value is a commonly used indicator of meat toughness and an increase in collagen 

content has been shown to increase shear values, thus signifying a tougher product 

(Torrescano et al., 2003). Connective tissue around the muscle fibers consist largely of 

collagen fibers (Nakamura et al., 2010). Collagen represents only 2% of the total 

protein in muscle but is responsible for many of the textural changes in meat during 

heating (Listrat et al., 2016). Collagen goes through structural denaturation and 

solubilization during heating. The rate and extent of these changes depends on the 

maturity of the collagen as well as exogenous factors such as heating rate, relative 

humidity, and restraint during cooking (Lepetit, 2008).  According to Bailey et al. 

(1989) the structure of collagen molecules in muscle remains relatively stable due to 

the crystallization energy of the triple helix until the temperature reaches 64ºC. At this 

temperature, the triple helix begins to break down, starting at the ends of the molecule 

and at the periodic crimp (Snowden et al., 1978). As denaturation continues, the 

molecule eventually shrinks to approximately one-fourth its original length, resulting 

in toughening of the muscle, continued heating above 70 to 75ºC causes partial 

solubilization of collagen, resulting in gelatin formation (Bailey et al., 1989)  

According to Casey et al. (1985) the forequarter typically has a higher overall collagen 
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composition at 3.2% wet fat-free, than that of the hindquarter at 2.7% wet fat-free, 

irrespective of cattle breed. The brisket specifically has up to 20.3% of the total 

collagen within the forequarter of a beef animal and comes only second to the shin 

meat in primal collagen content within the forequarter at 3.37%. In a study of Japanese 

brown and black wagyu cattle, there was a significant positive correlation association 

between shear-force value and collagen content of the longissimus thoracis muscle. 

Additionally, differences in collagen content within the muscle could be due to the 

structure of the collagen molecule and thus could have an effect on the shear force 

values of the meat (Nakamura et al., 2010). 

Quality Grade Effect on Palatability Traits 

The relationship of marbling to beef palatability has been the subject of 

numerous investigations and several review papers (Savell et al., 1987; Wheeler et al., 

1994; Platter et al., 2003; Corbin et al., 2015). The vast majority of the data on the 

subject has indicated a positive relationship between marbling degree (or percentage 

chemical fat) and tenderness, juiciness, and flavor intensity, and an inverse 

relationship in Warner-Bratzler shear force (Lorenzen et al., 2003; Derington et al., 

2011). 

In other studies (Berry, 1993; Killinger et al., 2004), tenderness, measured by 

shear force, increases when a greater amount of intramuscular fat is present. The 

connective tissue rigidity is weakened with increased marbling accumulation resulting 

in more tender meat. Additionally, Wheeler et al. (1994) discovered that as marbling 

score increased, there was a distinct decrease in shear force values leading to more 
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tender beef. In another study by Nishimura et al. (1999) this theory seems to be 

confirmed, since the development of intramuscular fat in the longissimus dorsi muscle 

appears to disorganize the structure of connective tissue, leading to the tenderization 

of highly marbled beef of Wagyu breed. However, Nelson et al. (2004) found that 

quality grades effect on tenderness is more apparent in middle meats compared to end 

cuts. 

Additionally, Legako et al. (2015) found that an increase in intramuscular fat 

by quality grade was the primary influencer of beef flavor acceptability when having 

acceptable tenderness and in the absence of off-flavors. Increased marbling level has a 

positive effect on beef tenderness, juiciness, flavor, and overall palatability (Corbin et 

al., 2015). Additionally it was found that fat percentage plays a large role in all three 

palatability factors and that evaluating a single palatability trait without the influence 

of the others is difficult because of the inherent relationships among tenderness, 

juiciness, and flavor (Corbin et al., 2015). Kukowski et al. (2004) had consumers 

compare USDA Choice and Select steaks of six muscles from the beef chuck. It was 

discovered that the Choice steaks were rated higher for tenderness, juiciness, and 

overall liking. However, the magnitude of difference in sensory characteristics was 

dependent on muscle (Kukowski et al., 2004). 

Brisket Palatability 

Although minimal investigation into smoked brisket palatability has occurred, 

the flat (pectoralis profundi) and point (pectoralis superficialis) portions have been 

investigated under common sensory evaluation. Jeremiah et al. (2003) evaluated 
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thirty-three muscles from a beef carcass, after cooking them in a convection oven to an 

internal temperature of 72ºC. The cooking method did not allow the samples to 

maintain temperature for a long enough period to allow collagen and connective tissue 

break down. Muscles were scored with an initial tenderness value within a range of 

3.07 to 6.71 out of 9. Pectoralis profundi and pectoralis superficialis both had the 

lowest numerical ranking of these muscles with 3.07 and 3.15 respectively. 

Furthermore, when evaluating overall tenderness values the brisket flat and deckle 

point were scored in the bottom three muscles with deckle point scoring the lowest at 

3.06. When evaluating perceptible connective tissue muscles were within a range of 

3.08 to 7.11 out of 9. Brisket flat and deckle point scored in the bottom three muscles 

with deckle point scoring the lowest at 3.05. Juiciness ratings for the thirty-three 

muscles ranged from 4.08 to 6.60 out of 9. Brisket flat and deckle point were more 

moderate in their rankings with scores near 5.5. Additionally, desirability of flavor 

was evaluated with a score range of 4.36 to 6.12 out of 9, with deckle point scoring 

third to last at 4.52. Lastly for overall palatability muscles scored in the range of 3.10 

to 6.38 out of 9. Brisket flat and deckle point were a part of the three lowest scoring 

muscles with deckle point scoring 3.12 (Jeremiah et al., 2003). 

In a study by Harris et al. (2017), forty-eight briskets from A-maturity 

carcasses with small, modest, or moderate marbling were assigned to one of three 

aging periods before being served to consumers for evaluation. Consumers were asked 

to rate brisket samples on a 9-point scale for palatability factors including tenderness, 

juiciness, flavor, and overall liking. Although no differences were found across the 
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interaction of aging period and portion, consumers were able to differentiate between 

the flat and point portions of the brisket. Flavor and overall liking ratings were greater 

for the flat than the point portions, although it was believed that consumers may have 

been bias towards leaner pieces. However, there were no tenderness differences 

between the point and flat portions of the brisket. Also, consumers preferred the 

juiciness of the point portions as compared to that of the flat portions of the brisket 

(Harris et al., 2017). 

Near-infrared Composition Determination 

 Developed to hasten results in the lab and shorten lengthy processes, Near-

infrared (NIR) technology offers rapid results to determine meat composition in a 

production environment. One of the most common instruments that utilizes NIR 

technology is the FOSS FoodScan NIR spectrophotometer (Eden Prairie, MN) 

(Anderson et al. 2007). A collaborative study of 15 meat-plant laboratories worked 

together to determine if FoodScan was suitable for simultaneous determination of 

moisture, protein, and fat content in meat and meat products and had 10 meat study 

samples in blind duplicate for 20 total samples (Anderson et al. 2007). Alongside use 

of the FoodScan, conventional lab analyses were conducted to determine the NIR’s 

repeatability and reproducibility. When compared to conventional lab analyses for 

protein and moisture, the FoodScan showed similar repeatability and reproducibility. 

The FoodScan had better repeatability and reproducibility compared to conventional 

lab analysis (Anderson et al. 2007).   
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Brisket Composition 

The beef forequarter constitutes approximately 52% of the carcass side weight 

and is composed of the chuck, rib, brisket, plate, and shank (Johnson et al. 1988). 

Casey et al. (1985) conducted a study evaluating the chemical composition of 13 beef 

carcasses and determined that the beef forequarter on average had a higher fat 

percentage, a lower moisture percentage, and a significantly higher concentration of 

collagen at 3.2% wet fat-free compared to 2.7% wet fat-free collagen in the 

hindquarter. The USDA-ARS (2019) recognizes the brisket whole on a 100 g basis to 

contain 70.3 g of water, 20.7g of protein, and 7.37 g of total lipids or fat. The brisket, a 

component of the forequarter, was characterized by Johnson et al. (1988) to have a 

moisture composition of 70.1%, 6.3% fat content, 21.8% protein, and 5.95 mg/g of 

collagen from a selection of 16 Angus bred steers. A similar study of 10 angus steers 

by McKeith et al. (1985) found the beef brisket had a moisture content of 73.3%, 5.6% 

fat content, and 8.79 mg/g of collagen. Another study of 142 carcasses of varying 

yield and quality grades found the brisket to have a moisture content of 72.7%, a fat 

content of 5.49%, and a total collagen content of 8.47 mg/g (Seggern et al., 2005).  

Rapid Evaporative Ionization Mass Spectrometry (REIMS) 

 Scientists have been working for the last thirty years to determine the best 

method to analyze intact biological tissue. In order to accomplish this mass 

spectrometric (MS) analysis of biomolecules has typically been conducted through 

secondary ion mass spectrometry (SIMS) matrix-assisted laser desorption (MALDI) 

and desorption electrospray ionization (DESI) (Schafer et al., 2009). However, Rapid 
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Evaporative Ionization Mass Spectrometry (REIMS) is a new method of collecting 

mass spectrometric data directly from bulk biological samples, with little to no sample 

preparation (Jones et al. 2019). Originally designed for its use in the medical field to 

identify cancerous tissues, its potential to impact the food industry has become 

increasingly clear. The REIMS system has growing interest in the food industry due to 

its ability to have a real time, in-situ histological tissue identification with 90-98% 

correct classification (Balog et al., 2015; 2016). 

 REIMS technology has already been implemented into the food industry for a 

multitude of purposes such as a study conducted by Verplanken et al. (2017). In this 

study REIMS was used to accurately classify neck fat samples between sows and 

boars. Additionally, a sample set known positive for boar taint was used in order to 

determine REIMS capabilities. REIMS has been shown to accurately classify all sow 

and boar taint negative samples, as well as accurately classify 98% of boar taint 

positive samples with only 2% classified as negative (Verplanken et al. 2017). 

Additionally, Balog et al. (2016) tested REIMS classification ability through 

numerous trials including distinguishing between beef and horse burger patties, and 

although concern about the processing of the meat skewing the data, it was observed 

that the REIMS was 99.5% accurate in classifying the patties (Balog et al., 2016). 

Additionally, a comparison of different tissues from the same species (horse skeletal 

muscle and horse liver) compared to another species such as bovine was conducted 

and there was 100% correct species and tissue classification suggesting that given 
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enough reference data REIMS could identify species of origin and different types of 

tissues (Balog et al., 2016).  

Song et al. (2019) devised a study to distinguish salmon and rainbow trout 

filets using REIMS and was able to distinguish between species with 96.58% 

accuracy. Additionally, a total of 12 fatty acids and 37 phospholipid molecules were 

able to be distinguished as markers to help distinguish the sets (Song et al., 2019). 

Also, in the fish industry REIMS is being explored as a method to combat fish fraud in 

order to circumvent the lengthy genomic profiling approach. Using 478 fish samples 

from 5 different species of fish, REIMS was able to correctly classify samples with 

99.37% accuracy. Additionally using six samples of fish labeled as “haddock”, 

REIMS was able to classify them similar to cod, and after being further analyzed by 

PCR, it was determined that the samples in fact had a 99% similarity to the cod 

species, thus signifying REIMS capability to detect fish fraud (Black et al. 2017). 

Gredell et al. (2019) conducted a study to classify beef samples based on 

carcass type and attempt to sort samples based on sensory attributes. However, 

distinguishing between the 7 carcass types including Select, Low Choice, Top Choice, 

Prime, Wagyu, Grass-Fed, and Dark Cutter proved to be more difficult as REIMS only 

had 59.7% balanced prediction accuracy due to overlapping of quality grades. 

Although when similar groups were combined (Select/Low Choice and Top 

Choice/Prime) balanced prediction accuracy improved to 83.8% (Gredell et al., 2019). 

Additionally sensory ratings were evaluated with an overall sensory model having 

three class (positive, neutral, and negative). The model had a balanced prediction 
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accuracy of 56.1%, but the majority of misclassification came from neighboring 

classes. When shifted to a binary classification of positive or negative classification 

improved to 75.43% (Gredell et al., 2019). Under similar methods a flavor model was 

predicted first with three classes at 55.6% accuracy and when shifted to a binary 

classification the model once again saw a large improvement to 70.3% accuracy 

(Gredell et al., 2019). Lastly, a comparison of slice shear force values and Warner-

Bratzler shear force values to REIMS output found that REIMS could predict a binary 

classification of tenderness with 75.4% and 70.2% accuracy respectively (Gredell et 

al., 2019).  

Partial Least Squares Discriminant Analysis (PLSDA) 

 Classifying groups based on their metabolomic profile is one of the main 

topics of discussion in metabolomic research. One of the common data analysis 

methods in this field is PLSDA (Barker et al., 2003) which is a tool based upon the 

Partial Least Squares (PLS) model where the dependent variables are used as 

indicators of the groups. Secondly, observations are classified from the results of the 

PLS regression on indicator variables (Chevallier et al., 2006). A PLSDA utilizes a 

large number of peaks, which can lead to validation challenges, and has been known 

for misinterpretation and overfitting of the model (Gromski et al., 2014). Normally, 

experiments utilizing this analysis have a smaller number of samples, with a large 

number of variables, however having an increased sample size can lead to more 

accurate results (Westerhuis et al., 2008). This method does have its advantages, most 

notably its performance power when working with multivariate data as well as how it 
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manages collinear variables (Perez et al., 2018). PLSDA is similar to a supervised 

version of Principal Component Analysis (PCA). However, in this study, the PLSDA 

model was used as a classification algorithm and for data visualization through a 

multivariate image signifying differences through color rather than a dimension 

reduction technique (Chevallier et al., 2006; Gredell et al., 2019). 
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CHAPTER II 

INVESTIGATION OF BEEF BRISKET PALATABILITY FROM THREE 

USDA QUALITY GRADES 

 

Abstract 

The objective of this study was to investigate differences in smoked beef 

brisket palatability from three USDA quality grades (USDA Prime, average Choice, 

and Select quality grades).  Briskets (n = 54; 18 per quality grade) were seasoned with 

a blend of 1:1 coarse salt/black pepper, and then cooked in a smoker to a final internal 

temperature of 93˚C. For sensory analysis briskets were separated into point and flat 

portions, and then sliced perpendicular to the muscle fiber. Consumer panelists 

(n=360) evaluated palatability traits, acceptability of each trait, and willingness to pay 

(WTP).  An interaction between quality grade and muscle was observed (P ≤ 0.03) for 

all palatability traits, proportion of acceptable samples, and WTP. Consumers could 

not distinguish between quality grades of the point portions for tenderness, juiciness, 

flavor and overall liking (P > 0.05). Point samples, regardless of quality grade were 

scored greater (P < 0.05) than Prime flat samples. Choice and Select flats were scored 

lower than all other treatment combinations for tenderness, flavor liking, and overall 

liking. In alignment with palatability traits, consumers were willing to pay the most for 

point portions, regardless of quality grade (P < 0.05), followed by Prime flat portions. 

Choice and Select flat portions had the lowest WTP (P < 0.05). Consumer 

acceptability generally followed similar trends as palatability scores.  Quality grade 

had no effect on the eating quality of the point portions of smoked briskets, and point 
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portions received superior palatability scores to flat portions. Prime flat portions had 

greater eating quality compared to that of Choice and Select flat portions, and 

consumers were willing to pay more for what they perceived as superior eating 

quality.  

Keywords: Brisket, Quality Grade, Palatability, Smoke 

Introduction 

The beef chuck accounts for approximately 52% of the total carcass side 

weight, and historically, beef whole muscles from the chuck have been underutilized 

due to perceived lower eating quality in comparison to the loin and rib (Nyquist et al., 

2018). This has resulted in chuck cuts commonly being marketed as ground products, 

roasts, or low-quality steaks (Belew et al., 2003; Seggern et al., 2005; Lepper-Blilie et 

al., 2014, Nyquist et al., 2018). Specifically the brisket has been overlooked as a 

marketable product from the chuck due to its unacceptability as a steak (Kukowski et 

al., 2004). With the current demand of beef brisket increasing due to barbecue 

enthusiasts, it is important for the beef industry to keep finding ways to add value to 

their products (Harris et al., 2017). With the introduction of new cooking methods, 

such as the low and slow technique, meat packers have found an outlet for a once 

underutilized product. Smoking briskets not only adds value to the carcass but 

provides a more enjoyable eating experience for consumers.  

When using common sensory evaluation cooking methods, the beef brisket is a 

muscle known for its high connective tissue content. The connective tissue in brisket 

samples remains insoluble under common sensory evaluation cooking methods 
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resulting in a tough final product (Johnson et al., 1988; Belew et al., 2002; Jeremiah et 

al., 2003). Carmack et al. (1993) compared palatability attributes of twelve major 

muscles from a beef carcass including the pectoralis profundus or flat portion of the 

beef brisket; the pectoralis profundus ranked toughest of all the muscles and had the 

second least desirable beef flavor intensity. Additionally, Jeremiah et al. (2003) found 

that out of 33 muscle or muscle group roasts the flat and point portions of the brisket 

were the toughest or among the toughest both initially and overall and had the most 

perceivable connective tissue. With a combination of intense beef flavor and low 

flavor desirability, the flat and point portion of the brisket had two of the lowest 

overall palatability scores compared to 33 major muscles.  

Consumer perception of beef products is closely related to liking of specific 

palatability attributes, such as tenderness, juiciness, flavor, and overall liking (Nyquist 

et al., 2018, O’Quinn et al., 2018), and consumers have demonstrated a willingness to 

pay a premium for a beef with greater eating quality; (Miller et al., 2001; Kukowski et 

al., 2005) The impact of intramuscular fat content or USDA quality grade on beef 

tenderness, juiciness, flavor, and overall palatability has been well studied (Smith et 

al.,1985; O’Quinn et al., 2012; Emerson et al., 2013; Corbin et al., 2015; Nyquist et 

al., 2018), with increased eating quality observed in higher quality grades,. While the 

majority of this research has focused on the longissimus muscle, some work has 

evaluated quality grade impacts as they relate to other beef muscles (Jeremiah et al., 

2003; Gruber et al., 2006; Hunt et al., 2014; Lepper-Blilie et al., 2014; Jung et al., 

2016; Yeh et al., 2018; Nyquist et al., 2018). However, to our knowledge the impact of 
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intramuscular fat or USDA quality grade on smoked beef brisket palatability has never 

been evaluated. The objective of this study was to determine the influence of USDA 

quality grade on smoked beef brisket palatability across point and flat portions of the 

brisket. Due to the introduction of a new cooking method it is expected that 

differences in palatability characteristics between quality grades will not be definite as 

seen in previous studies that utilized the longissiumus dorsi muscle. However, due to 

the expected increased collagen and fat content of the point portions of the brisket, 

consumers will prefer the point portions of the briskets compared to flat portions. 

Materials and Methods 

Raw Product Collection and Preparation  

Beef briskets from the USDA Prime, average Choice, and Select quality grades 

(n = 54; 18 per quality grade) were collected at a commercial abattoir in Omaha, NE. 

After selection briskets were vacuum packaged, refrigerated at 0-1°C and transported 

to the Gordon W. Davis Meat Science Laboratory (Lubbock, Texas). Briskets were 

frozen (-29°C) at 3 d postmortem. Briskets were thawed for approximately 48 h before 

consumer service at 2-4°C. Briskets were then unpackaged, surface fat was trimmed to 

6 mm, and sternum fat was removed. A 5-cm sample weighing approximately 500g 

was removed from the brisket flat (pectoralis profundi) and point (pectoralis 

superficialis). These samples were vacuum packaged, labeled, and frozen at -29ºC for 

subsequent compositional analysis. Briskets were seasoned with a blend of 1:1 coarse 
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kosher salt/coarse black pepper by hand (0.05% of the brisket raw weight) and were 

held at 2-4ºC for 12 h prior to cooking.  

Cooking 

Multiple Jim Bowie Green Mountain Grills (Reno, NV) were pre-heated daily 

to 121ºC. Raw briskets were placed into grills after preheating. The briskets were 

smoked using Gold Blend hardwood pellets (red oak, hickory, and maple wood) at a 

pit temperature of 121°C for approximately 8 h. Within each grill, brisket internal 

temperature was monitored using an internal temperature probe that was inserted into 

the thickest portion of the smallest? brisket to determine temperature. When briskets 

reached 63°C, as confirmed using a digital thermometer (Thermoworks Thermapen; 

American Fork, UT), time and temperature were recorded for each brisket. Each 

brisket was removed from the smoker and double wrapped with heavy duty aluminum 

foil before being placed back into the smoker. As briskets were removed for wrapping, 

the internal temperature probe was moved to the next smallest brisket until all briskets 

were wrapped. The internal temperature probe was then placed back in the original 

brisket and followed a similar sequence until all briskets were cooked. Temperatures 

were continually evaluated and once the briskets reached 93°C, time and temperature 

were recorded. Each brisket was removed from the smoker when reaching the final 

temperature and placed in an insulated container.   

Cooked Sample Preparation  

Cooked briskets were held in an insulated container for approximately 2 h 

prior to sensory panels. Approximately 90 min before serving briskets, sample 
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preparation began. Each brisket was removed from the insulated cooler, and individual 

weights were recorded for the whole brisket and each portion of the brisket as they 

were separated by muscle. Briskets were then sliced (6 mm × 50 mm × cooked depth) 

perpendicular to the muscle fiber to obtain no less than 20 slices per portion for 

consumer evaluation. Slices were transferred to pre-heated rectangular stainless-steel 

pans (176 mm × 108 mm × 150 mm), which were maintained in insulated bain marie 

water bath warming units (Model W-3Vi; American Permanent Ware Company; 

Dallas, TX) at ~50°C throughout the test session.  

Sensory Evaluation 

Sensory sessions were conducted at the Animal and Food Sciences Building at 

Texas Tech University (Lubbock, Texas). Panelists (n = 360) were recruited from the 

Lubbock area, and provided with monetary compensation upon completion of the 

evaluation. Panelists were seated individually in a large room under fluorescent 

lighting. Before each panel session verbal directions were given in regard to filling out 

a demographics survey and sample questionnaire on a 2nd Generation iPad (Apple; 

Cupertino, CA). Each consumer received their own iPad with questionnaires 

preloaded for the study. Questionnaires, including demographics and sensory 

evaluation, were developed and administered using Qualtrics XM survey building 

software (Qualtrics XM; Provo, UT, Seattle, WA). Panelists were provided with a fork 

and knife, a toothpick, a napkin, as well as unsalted saltine crackers, diluted apple 

juice, a cup of water, and an expectorant cup. Panelists were served samples, which 

were coded with 4-digit codes generated randomly, in a randomized and balanced 
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order. Each consumer (n = 360) received one warm up sample unrelated to the trial to 

acclimate consumers to the sample format and provide linkage across testing nights. 

Additionally consumers received six test samples representing all quality grade × 

muscle combinations. In the questionnaires, consumers were asked to rank each 

individual sample based on palatability characteristics including tenderness, juiciness, 

flavor liking, and overall liking. These characteristics were evaluated on a 100-point 

sliding scale where the zero-anchor represented Not Tender, Not Juicy, Dislike 

Extremely Flavor, and Dislike Extremely Overall liking while the one hundred-anchor 

represented Very Tender, Very Juicy, Like Extremely Flavor, and Like Extremely 

Overall. Additionally, panelists were asked to determine if samples were acceptable or 

unacceptable for each palatability characteristic. Willingness to pay was assessed on 

an individual sample basis. Consumers used a sliding scale that ranged from zero to 

forty dollars per pound to represent what the consumer would be willing to spend on a 

sample similar to the one they tasted at a retail level. 

Proximate Analysis 

The frozen samples of brisket portions were removed from frozen storage and 

held at 2-4 ºC for 24 h prior to lab analysis to thaw. Each sample was removed from 

its packaging and trimmed of all remaining external fat. Samples were then diced into 

symmetrical 2.5 cm cubes before being passed through a Cabela’s Pro Series DC 

grinder (Sidney, NE) with a 4.5 mm grinding plate 3 times. Ground sample was plated 

onto a 100 x 15 mm petri dish using a spatula before being placed into a FOSS NIR 

Food Scan (Hilleroed, Denmark) for proximate analysis.  
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Statistical Analysis 

A completely randomized design with a split plot arrangement of factors with 

quality grade as the main-plot factor and muscle as the subplot factor was used as the 

model. Treatment comparisons were tested using the PROC GLIMMIX procedure of 

SAS (Version 9.4; SAS Inst. Inc., Cary, NC) with α = 0.05. Quality grade, muscle, and 

the interaction of quality grade × muscle were used as fixed effects. For sensory data 

the model included random effects of brisket identification (quality grade) and 

Consumer identification (testing day). Acceptability data for each palatability trait was 

analyzed using a binomial model with the same random effects. Pearson correlation 

coefficients were determined among all variables measured via PROC CORR using a 

significance of (P < 0.05).  

Results 

Carcass Data 

Table 2.1 displays the main effect of quality grade on carcass characteristics of 

54 sides used in the brisket collection. Marbling scores increased as quality grade 

increased (Prime > Choice > Select) (P < 0.05). Additionally, Choice carcasses 

exhibited less skeletal ossification compared to Prime and Select carcasses (P < 0.05). 

All remaining carcass characteristics were similar across quality grade (P > 0.05). 

Cooking Characteristics 

The data in Table 2.2 outlines the main effect of quality grade on beef brisket 

cooking characteristics. Raw and cooked brisket weight decreased as quality grade 

increased (Prime > Choice > Select) (P < 0.05). However, cooked flat portions were 
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similar in weight across quality grades (P > 0.05), while Choice and Select brisket 

point portions were heavier than Prime brisket point portions (P < 0.05). All other 

cooking characteristics including Cook Yield, Cook Time, and Cook Loss, were not 

affected by quality grade (P > 0.05).  

Demographic Profile 

Consumer demographic information is presented in Table 2.3. The majority of 

participants (68.4%) were between the ages of 20-49 years old, and female (51.4%). 

Additionally most participants were employed full-time (82%) or were students 

(7.5%). The majority of participants were Caucasian/White (53.3%), followed by 

Hispanic (39.4%). Additionally, the majority of participants had some college or 

technical school experience or were college graduates (68.6%). Household size of 

participants was most commonly 2 adults (57.5%), with the majority having 0 or 1 

children (70%). The greatest percentage of participants had a household income of 

>100,000 dollars per year (27.2%), with the majority of participants having a 

household income between 20,000-75,000 dollars per year (44.5%). Approximately 

66.9% of participants indicated they eat beef weekly (2-5 times per week). Lastly, the 

participants indicated their preferred cooking levels were medium rare, medium, and 

medium well done. 

Consumer Sensory 

Table 2.4 displays the effects of muscle and USDA quality grade on consumer 

sensory scores for tenderness, juiciness, flavor liking, and overall liking. An 

interaction between muscle and quality grade was observed for all consumer traits (P 
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< 0.05). Consumers scored point portions similarly (P > 0.05) for all palatability 

characteristics (P > 0.05), regardless of quality grade, and point portions were scored 

greater (P < 0.05) than all other treatment combinations. Consumers scored 

tenderness, flavor liking and overall liking similar between Choice and Select flat 

portions (P > 0.05), while scoring Prime flat portions greater in all three categories (P 

< 0.05). However, juiciness differed across all three quality grades for the point 

portions (P < 0.05), where Prime flat > Choice flat > Select flat.  

As seen in Table 2.4, an interaction between quality grade and muscle was 

detected (P < 0.05) for acceptability of all palatability traits and overall acceptability. 

A greater percentage of consumers found tenderness acceptable for all point portions 

of the briskets compared to Choice and Select flat portions (P < 0.05). Prime Flat 

portions, however, had a similar proportion of consumers rate samples as acceptable 

compared to Choice and Prime point portions (P > 0.05). A similar percentage of 

consumers found tenderness acceptable in point portions across all three quality grades 

(P > 0.05).  A greater proportion of consumers found juiciness acceptable for all point 

portions of the briskets compared to all flat portions (P < 0.05). A similar percentage 

of consumers rated juiciness acceptable in point portions across all three quality 

grades (P > 0.05). A greater percentage of consumers found juiciness acceptable for 

Prime and Choice flat portions compared to Select flat portions (P < 0.05). The 

greatest numerical proportion of consumers found the Select point portion to be 

acceptable for flavor, however Choice and Prime point portions as well as Prime flat 

portions were similar. Conversely the Select flat portion had the lowest numerical 
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percentage of consumers find flavor acceptable although Choice flat and Prime point 

portions were similar. When evaluating overall acceptability, Select point portions had 

the greatest numerical proportion of consumers rate the sample acceptable overall, 

while Choice point and Prime flat portions were similar. Also, Prime point samples 

had a similar percentage off consumers rate the sample acceptable overall compared to 

Choice flat portions which were closely associated with Select flat portion. Select flat 

portions had the lowest numerical percentage of consumers find the sample acceptable 

overall.  

Willingness to pay was influenced by the interaction between quality grade and 

muscle (P = 0.02; Table 2.4). Consumers were willing to pay more (P < 0.05) for 

point portions compared to flat portions, regardless of quality grade. Additionally, 

consumers were willing to pay more (P < 0.05) for Prime flat portions of briskets 

compared to Choice and Select flat portions, which had similar WTP (P > 0.05).  

Proximate Analysis 

 Table 2.5 displays the effect of quality grade and muscle on the percentage of 

protein, fat, moisture, and collagen. An interaction (P < 0.02) between quality grade 

and muscle was detected for moisture, fat, and protein; however, collagen was 

independently influenced by muscle and quality grade (P < 0.01). Select flat portions 

had the highest numerical protein percentage however were similar in composition to 

Choice flat samples. Choice flat samples had a similar protein percentage as Choice 

point and Prime flat samples (P > 0.05). While Choice point and Prime flat samples 

had a similar protein percentage as Select point samples (P > 0.05). Prime point 
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portions had the lowest protein percentage (P < 0.05). Fat content was highest in 

Prime point samples (P < 0.05). Prime flat, Choice point, and Select point samples had 

similar fat percentages (P > 0.05). Select point samples and Choice flat samples had 

similar fat percentage (P > 0.05). Additionally, Choice and Select flat portions had 

similar fat percentages (P > 0.05). Choice flat, Select flat and Select point portions had 

the highest moisture percentage. Although Choice flat and Select point portions had 

similar moisture content compared to Prime flat portions (P > 0.05). Prime point 

samples had the lowest moisture percentage (P < 0.05). Prime point portions had the 

highest collagen content (P < 0.05). Prime flat, Choice point, and select point portions 

had similar collagen content (P > 0.05). Choice flat portions had a lower collagen 

content (P < 0.05). Lastly, Select flat samples had the lowest collagen content (P < 

0.05).  

Correlations 

 Table 2.6 displays Pearson correlation coefficients between sensory traits and 

proximate composition for the brisket flat. All traits and composition data were 

correlated (P < 0.05). In Table 2.7, Pearson correlation coefficients between sensory 

traits and proximate composition for the brisket point are displayed. Consumer 

tenderness rankings were correlated (P < 0.05) with juiciness (r = 0.66), flavor (r = 

0.47), overall liking (r = 0.51), quality level (r =0.40), willingness to pay (r = 0.27), fat 

content (r = 0.08), and was negatively correlated with moisture content (r = -0.08). 

Juiciness was correlated (P < 0.05) with flavor, overall liking, quality level, 

willingness to pay, collagen content, fat content, and negatively correlated with 
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moisture content (r = 0.54, 0.57, 0.48, 0.33, 0.07, 0.13, -0.13, respectively). Flavor 

was correlated (P < 0.05) with overall liking (r =0.89), quality level (r =0.74), and 

willingness to pay (r =0.50). Overall liking was correlated (P < 0.05) with quality 

level (r = 0.79) and willingness to pay (r = 0.54). Also quality level was correlated (P 

< 0.05) with willingness to pay (r = 0.57). Collagen content was positively correlated 

with fat content (r = 0.58) and negatively correlated with moisture content (r = -0.56). 

Fat content was negatively correlated (P < 0.05) with moisture content (r = -0.98) and 

protein content (r = -0.67). Additionally, moisture content was correlated (P < 0.05) 

with protein content (r = 0.64). 

Discussion 

It is well known that with an increase in intramuscular fat there is an increase 

in quality grade (Wahrmund-Wyle et al. 2000). The influence of increased quality 

grade on palatability characteristics such as tenderness, juiciness, flavor, and overall 

liking has been well studied, outlining that as marbling (or quality grade) increases, so 

does eating quality (Platter et al., 2003; Corbin et al., 2015; Nyquist et al., 2018). In 

this study there are fat percentage differences across quality grades however, there are 

more similarities across muscles (Choice and Select points) and quality grades (Prime 

flat and Choice point) compared to that of conventional studies that mainly focus on 

palatability differences from the Longissimus dorsi (Corbin et al., 2015; Lucherk et al., 

2016). Muscles from the chuck consistently have had lower expectations in terms of 

eating quality scores primarily due to issues with cooking method (Mckeith et al., 
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1985; Belew et al., 2003). Studies that have focused on the eating quality of muscles 

such as the pectoralis group consistently use cooking methods comparable with 

methods used for evaluation of the Loingissimus dorsi (Mckeith et al., 1985; Belew et 

al., 2003). Due to variation in composition, more specifically a higher collagen content 

(Johnson et al. 1988), utilizing a low and slow cookery method allows for the 

denaturation of that collagen for a more tender product. Utilizing a different cookery 

method allowed for sensory evaluation scores to be more comparable with research of 

other muscles across different quality grades (Platter et al., 2003; Corbin et al., 2015; 

Nyquist et al., 2018). It was observed that muscles that did have higher fat content 

(Pectoralis superficialis or point) as well as collagen content resulted in higher 

consumer palatability score as well as higher percentages of consumer acceptability 

across most traits. Although it is observed that consumers seem to have a threshold for 

fat and collagen content as observed in the overall acceptability of Prime point 

portions. Once the tenderness across samples becomes somewhat similar due to the 

cookery method, the consumer has less desirability for the excess fat. Most 

specifically issues can arise visually as those samples with higher fat and collagen 

content had a more gelatinized appearance, and from previous studies it has been 

observed that consumers own visual preferences can impact their perceived quality of 

a sample (Prill et al., 2019). 

Flavor seemed to be the biggest driver in consumer overall liking scores as 

seen in Table 6 and 7, as it was the most highly correlated (r = 0.89). Most differences 

for the brisket point were observed across muscle type as the cooking method seemed 
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to level out consumer sensory ratings. However, differences in proximate composition 

resulted in contradicting acceptance data. The brisket flats seemed to be the most 

impacted by differences in quality grade with Prime flat portions having higher 

palatability scores across all attributes compared to Choice and Select flats (P < 0.05). 

Most similarly, when compared to marbling differences in the longissimus dorsi as 

shown by Lucherk et al. (2016) tenderness, juiciness, and flavor, the brisket flat also 

has shown to increase as quality grade increases. According to Corbin et al. (2015) the 

longissimus dorsi muscle has similar palatability characteristics to the flat portion of 

the brisket with tenderness and juiciness increasing as quality grade increases 

however, for flavor and overall liking consumers had trouble distinguishing between 

Prime and Choice quality grades.  

Under most circumstances, sensory evaluation for beef brisket has not been 

conducted using the low and slow style, smoked cookery method (Johnson et al., 

1988; Jeremiah et al., 2002; Belew et al., 2002). In this study consumers preferred the 

point portion of briskets as opposed to the brisket flat portion contradicting previous 

findings of briskets cooked using the low and slow cookery method (Harris et al., 

2017). Additionally, our results showed differences in tenderness amongst quality 

grades and muscle in favor of the point portions. Moreover, when comparing brisket 

samples to research that has not utilized the low and slow cookery method (Johnson et 

al., 1988; Jeremiah et al., 2002; Belew et al., 2002), it can be observed that consumer 

sensory scores are higher for all traits and signifies the importance of using different 
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cookery methods to improve the palatability of cuts that have higher collagen and fat 

content.  

With approximately 30.3 million briskets produced in a year according to 

AMS-USDA market reports (2019), shifts based off of quality grade changes can 

result in large added value to the beef industry. In this study consumers showed they 

were willing to pay more for what they perceived as higher quality. With an average 

hot carcass weight of 363 kg, the brisket primal accounts for 4.95% of carcass yield 

(AMS-USDA, 2020). The remaining #120 brisket subprimal has a 64.34% yield 

resulting in an average brisket weight of 5.79 kg (AMS-USDA, 2020). Of this billion-

dollar brisket industry, consumers are proving they will pay for quality. This provides 

the beef industry with a wonderful opportunity to focus on merchandising these 

smoked products based on quality grades. With a shift of 1% of cattle from Select to 

Choice it provides the beef industry with the opportunity to make an additional sixteen 

million dollars, and 1% of cattle shifting from Choice to Prime could result in an 

additional nineteen million dollars. With this in mind, finding ways to market the 

brisket based on quality grade and even muscle type could allow for the beef industry 

to make more money. 

Conclusion 

Quality grade had no effect on the eating quality of the point portions of 

smoked briskets, and point portions received superior palatability scores to flat 

portions. Prime flat portions had greater eating quality compared to that of Choice and 

Select briskets, and consumers were willing to pay more for what they perceived as 



Texas Tech University, William Thomas Fletcher Jr., May 2020 

 

 

51 

 

 

superior eating quality. The current data suggests that unless consumers prefer the flat 

portion of the brisket there is no benefit to paying the premium for a prime brisket 

from a palatability standpoint. 
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Table 2.1. The effect of USDA quality grade on carcass characteristics (n = 54; 

18/quality grade). 

Trait Prime Choice Select SEM1 P-value 

Fat, mm 17 16 13 1.5 0.17 

REA, (cm2) 93.2 97.0 98.3 3.1 0.49 

HCW, kg 427.6 436.1 401.2 10.7 0.07 

KPH (%) 2.3 2.2 2.1 0.1 0.59 

Marbling2 746a 542b 335c 7.8 <0.01 

Lean Maturity3 163 170 157 5.3 0.24 

Ossification4 176a 155b 180a 7.1 0.04 

pH 5.62 5.57 5.59 0.02 0.20 
a-dWithin a row, least squares means without a common superscript differ (P ≤ 0.05). 
1Pooled (largest) SE of least squares means. 
2100 = Practically Devoid00, 200 = Traces00, 300 = Slight00, 400 = Small00, 500 = Modest00, 600 = 

Moderate00, 700 = Slightly Abundant00, 800 = Moderately Abundant00, 900 = Abundant00 
3100 = A00, 200 = B00, 300 = C00, 400 = D00, 500 = E00 
4100 = A00, 200 = B00, 300 = C00, 400 = D00, 500 = E00 
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Table 2.2. The effect of USDA quality grade on cooking characteristics of beef 

briskets (n = 54; 18/quality grade). 

Trait Prime Choice Select SEM1 P-value 

Raw Weight, kg 3.7b 4.1ab 4.4a 0.35 <0.01 

Cooked Weight, kg 2.2b 2.4ab 2.6a 0.21 0.02 

Cook Yield, % 60.4 59.6 59.1 0.88 0.57 

Cook Time, min 392.0 405.7 386.8 14.31 0.63 

Cook Loss, % 39.6 40.4 40.9 0.88 0.57 

Cooked Flat Weight, kg  1.3 1.3 1.4 0.12 0.14 

Cooked Point Weight, kg 0.9b 1.1a 1.2a 0.18 <0.01 
a-dWithin a row, least squares means without a common superscript differ (P ≤ 0.05). 
1Pooled (largest) SE of least squares means. 
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Table 2.3. Demographic characteristics of all consumers (n = 360).   

Trait Percentage, % 

Age  

< 20 y 5.3 

20-29 y 24.7 

30-39 y 23.1 

40-49 y 20.6 

50-59 y 14.4 

> 60 y 11.9 

Gender  

Male 48.6 

Female 51.4 

Occupation  

Tradesperson 9.2 

Professional 29.2 

Administration 20.0 

Sales & Service 15.3 

Laborer 8.3 

Homemaker 1.9 

Student 7.5 

Currently Not Employed 8.6 

How often do you eat beef?  

Daily 19.2 

4-5 times/wk 32.5 

2-3 times/wk 34.4 

Weekly 11.1 

Biweekly 1.9 

Monthly 0.8 

Never 0.0 

Household Size (Adults)  

1 14.5 

2 57.5 

3 16.1 

4 9.4 

5 2.2 

6 0.3 

Household Size (Children)  

0 47.8 

1 22.2 

2 17.8 

3 8.6 

4 1.9 

5+ 1.7 
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Table 2.3 Continued  

Preferred cooking level  

Blue 0.8 

Rare 5.8 

Medium Rare 38.3 

Medium 26.1 

Medium Well Done 22.8 

Well Done 6.1 

Income Level  

< $20,000/year 9.7 

$20,000-50,000/year 23.1 

$50,001-75,000/year 21.4 

$75,001-100,000/year 18.6 

> $100,000/year 27.2 

Education Level  

Non-high school graduate 6.7 

High school graduate 15.3 

Some college/technical school 38.6 

College graduate 30.0 

Post graduate 9.4 

Cultural Heritage  

African-American 1.9 

Asian 0.6 

Caucasian/White 53.3 

Hispanic 

Mixed Race 

39.4 

2.5 

Native American 0.8 

Other 1.4 
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Table 2.4. The interactive effects of USDA quality grade and muscle on consumer palatability traits of beef briskets (n = 360). 

 Prime Choice Select  Grade Muscle Interaction 

Trait Flat Point Flat Point Flat Point SEM1 P-value P-value P-value2 

Tenderness3 64.5b 85.0a 57.0c 81.9a 54.3c 80.1a 1.9 <0.01 <0.01 <0.01 

Juiciness3 60.6b 66.2a 55.7c 65.8a 53.8d 66.0a 1.9 <0.01 <0.01 <0.01 

Flavor3 51.4b 79.0a 43.8c 74.6a 38.1c 74.7a 1.8 0.23 <0.01 0.02 

Overall Liking3 60.3b 67.8a 54.5c 68.1a 50.1c 68.1a 1.9 0.09 <0.01 <0.01 

Tenderness Acceptability, % 93.5b 95.6ab 86.8c 96.3ab 81.9c 97.5a 2.9 0.55 <0.01 <0.01 

Juiciness Acceptability, % 82.2b 96.0a 77.5b 96.8a 63.9c 96.5a 3.8 0.20 <0.01 0.03 

Flavor Acceptability, % 91.0ab 88.9abc 85.6bc 89.9ab 83.4c 91.9a 2.6 0.62 0.01 0.01 

Overall Acceptability, % 89.8ab 88.0bc 83.3cd 91.4ab 78.3d 93.0a 3.0 0.82 <0.01 <0.01 

Willingness to Pay4, $/0.45 kg 8.43b 9.87a 7.24c 9.86a 6.76c 9.58a 0.42 0.07 <0.01 0.02 
a-dWithin a row, least squares means without a common superscript differ (P ≤ 0.05). 
1Pooled (largest) SE of least squares means. 
2Observed significance levels for interaction of quality grade × muscle. 
3 Consumer tenderness, juiciness, flavor liking recorded on anchored 100 mm line scale, 0 = very tough, very dry, and dislike 

extremely of flavor and overall, 100 = very tender, very juicy and like extremely of flavor and overall  
4Consumer willingness to pay recorded on an anchored 100 mm line scale in US dollars, range = 0/lb. to 40/lb.  

 

 



Texas Tech University, William Thomas Fletcher Jr., May 2020 

 

 

60 

 

 

Table 2.5. The effects of USDA quality grade and muscle on the composition of beef briskets (n = 54; 18/quality grade). 

 Prime  Choice  Select  Grade Muscle Interaction 

Trait Flat Point Flat Point Flat Point SEM1 P-value P-value P-value2 

Protein, % 24.2bc 21.7d 24.9ab 24.5bc 25.7a 23.8c 0.34 <0.01 <0.01 <0.01 

Fat, % 7.7b 14.7a 4.9cd 7.6b 3.6d 6.6bc 0.89 <0.01 <0.01 0.02 

Moisture, % 69.4b 65.0c 71.1ab 69.6b 71.8a 70.7ab 0.63 <0.01 <0.01 0.01 

Collagen, % 2.4b 2.9a 1.7c 2.3b 1.3d 2.2b 0.14 <0.01 <0.01 0.22 
a-dWithin a row, least squares means without a common superscript differ (P ≤ 0.05). 
1Pooled (largest) SE of least squares means. 
2Observed significance levels for interaction of quality grade × muscle. 
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Table 2.6. Pearson's correlation coefficients for the relationships between consumer sensory scores and proximate data for the flat 

portion of the brisket. 

 Tenderness Juiciness Flavor Overall QL WTP Collagen Fat Moisture Protein 

Tenderness           

Juiciness 0.73***          

Flavor 0.67*** 0.69***         

Overall 0.73*** 0.76*** 0.89***        

QL 0.61*** 0.66*** 0.72*** 0.78***       

WTP 0.43*** 0.45*** 0.47*** 0.54*** 0.58***      

Collagen 0.13*** 0.16*** 0.10*** 0.14*** 0.11*** 0.08*     

Fat 0.13*** 0.18*** 0.09** 0.13*** 0.11*** 0.10*** 0.73***    

Moisture -0.11** -0.15*** -0.08** -0.11*** -0.08** -0.07* -0.67*** -0.93***   

Protein -0.10** -0.17*** -0.07* -0.12*** -0.11*** -0.09** -0.42*** -0.63*** 0.47***  

⁎ Significant correlation (P ≤ 0.05). 

⁎⁎ Significant correlation (P ≤ 0.01).  

⁎⁎⁎ Significant correlation (P ≤ 0.001). 
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Table 2.7. Pearson's correlation coefficients for the relationships between consumer sensory scores and proximate data for the point 

portion of the brisket. 

 Tenderness Juiciness Flavor Overall QL WTP Collagen Fat Moisture Protein 

Tenderness           

Juiciness 0.66***          

Flavor 0.47*** 0.54***         

Overall 0.51*** 0.57*** 0.89***        

QL 0.40*** 0.48*** 0.74*** 0.79***       

WTP 0.27*** 0.33*** 0.50*** 0.54*** 0.57***      

Collagen 0.02 0.07* -0.03 -0.05 -0.02 -0.01     

Fat 0.08** 0.13*** 0.05 0.03 0.04 0.06 0.58***    

Moisture -0.08* -0.13*** -0.05 -0.03 -0.04 -0.06 -0.56*** -0.98***   

Protein -0.02 -0.06 0.01 0.03 0.02 0.02 0.02*** -0.67*** 0.64***  

⁎ Significant correlation (P ≤ 0.05). 

⁎⁎ Significant correlation (P ≤ 0.01).  

⁎⁎⁎ Significant correlation (P ≤ 0.001). 

 

 



Texas Tech University, William Thomas Fletcher Jr., May 2020 

 

 

63 

 

 

CHAPTER III 

INVESTIGATION OF RAPID EVAPORATIVE IONIZATION MASS 

SPECTROMETRY (REIMS) TO CHARACTERIZE BEEF BRISKETS 

 

Abstract 

The objective of this study was to evaluate the ability of rapid evaporative 

ionization mass spectrometry (REIMS) to characterize beef brisket composition and 

eating quality characteristics. Beef briskets from the USDA Prime, Average Choice, 

and Select quality grades (n = 54; 18 per treatment) were collected at a commercial 

abattoir in Omaha, NE. After selection briskets were vacuum packaged and frozen 

until use. Briskets were thawed and a sample was taken from the brisket flat 

(pectoralis profundi) and point (pectoralis superficialis) for REIMS analysis. These 

samples were vacuum packaged individually, labeled, and frozen. Frozen samples 

were thawed, and a molecular fingerprint of each sample was collected via REIMS to 

build prediction models to determine brisket composition and sensory characteristics. 

When samples representing all quality grade and muscles were combined, balanced 

prediction accuracy of brisket type reached 97.8%. Sensory models were built to 

assign samples into High, Medium, and Low categories based on sensory attributes. 

(i.e., tenderness, juiciness, flavor, and overall liking). Tenderness class was predicted 

with 84.7% balanced prediction accuracy, and juiciness class was predicted with 

82.4% balanced prediction accuracy. Additionally, flavor class was predicted with 

72.6% balanced prediction accuracy, and overall liking class was predicted with 

85.9% balanced prediction accuracy. These results suggest that with fine tuning 
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REIMS generates a metabolic fingerprint that can meaningfully predict beef brisket 

composition and numerous beef quality attributes. 

Introduction 

Mass spectrometry is an important chemical detection platform for food 

analysis that allows for the screening of ingredients and finished products to ensure 

quality for food producers and consumers (Black et al., 2016; Gredell et al., 2019). 

According to Gross (2006) mass spectrometry is simply to generate ions from either 

inorganic or organic compounds by any suitable method, to separate these ions by 

their mass-to-charge ration (m/z) and to detect them qualitatively and quantitatively by 

their respective m/z and abundance. A mass spectrometer is composed of an ion 

source, a mass analyzer that measures the mass-to charge-ratio (m/z) of the ionized 

analytes, and a detector that registers the number of ions at each m/z value (Aebersold 

et al., 2003). Some of the most common forms of mass spectrometry include electron 

impact (EI) which volatilizes samples directly in the source and is contained in a 

vacuum system directly attached to the analyzer; as well as fast atom bombardment 

(FAB), which was the first form of ionization of non-volatile compounds by 

bombarding a sample in a vacuum with beams of atoms, usually Ar or Xe (Emory 

College, 2020). However, these methods are not commonly used as new methods 

emerge, such as atmospheric pressure chemical ionization (APCI), electrospray 

ionization (ESI) and matrix assisted laser desorption ionization (MALDI). These new 

methods have allowed for greater sensitivity in detecting samples, analyzation of 
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larger molecular weights and improvements in imaging for mass spectrometry (Emory 

College, 2020). 

 The development of new methods has led to the new use of ambient mass 

spectrometry (AMS), which could alleviate complex and expensive sample 

preparation. Now with over thirty different techniques, AMS has grown in popularity 

as Takats et al. (2004) was able to analyze proteins, carbohydrates, polymers, and 

other small molecules in samples rapidly in the open air, without conducting any 

sample preparation. One new method of AMS known as Rapid Evaporative Ionization 

Mass Spectrometry (REIMS) has grown in popularity through its application in human 

medicine in cancer surgery. With 23% of cancer related deaths coming from 

gastrointestinal cancer, doctors needed a way to analyze tissue in situ for real time 

chemical biopsies to detect cancerous tissues in vivo (Balog et al., 2015). REIMS was 

able to predict the classification of tissue samples into polyps, colorectal 

adenocarcinoma, and normal colon mucosa with 95% specificity and 88.5% sensitivity 

(Balog et al. 2015). With so much success in the medical industry it became 

increasingly apparent how well this technology could be applied to the identification 

of any tissue, but more specifically meat items. 

After REIMS was successfully used to classify different species of fish (Pardo 

et al., 2016; Song et al., 2019), evaluation of this technology for classification in red 

meats was initiated. Balog et al. (2016) tested the capability of REIMS to distinguish 

between bovine and equine burger patties. Balog et al. (2016) found that REIMS was 

99.5% accurate in classifying the patties. Balog et al. (2016) also used REIMS to 
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compare different tissues from one species (equine skeletal muscle and equine liver) to 

bovine tissue with 100% accurate classification of species and tissue (Balog et al., 

2016). Also, in a separate study using pork, REIMS technology was applied to neck 

fat samples to accurately classify samples based on gender (sow or boar) (Verplanken 

et al., 2017).  

Gredell et al. (2019) applied REIMS technology to beef samples to determine 

if quality and sensory characteristics can be accurately predicted. Samples from seven 

carcass types were analyzed, including Select, Low Choice, Top Choice, Prime, 

Wagyu, Grass-Fed, and Dark Cutter. With only 59.7% balanced prediction accuracy, 

REIMS struggled to classify the carcass types into seven groups; however, when 

similar adjacent groups were combined (Select/Low Choice and Top Choice/Prime) 

balanced prediction accuracy improved to 83.8% accuracy (Gredell et al., 2019). 

Additionally, sensory ratings were evaluated with an overall sensory model having 

three classes (positive, neutral, and negative). This model had a balanced prediction 

accuracy of 56.1% but when adjusted to a binary classification of positive or negative, 

prediction accuracy improved to 75.43% (Gredell et al., 2019). Under similar methods 

a flavor model was predicted first with three classes at 55.6% accuracy and then a 

70.3% accuracy with binary classifications (Gredell et al., 2019). Lastly, a comparison 

of slice shear force values and Warner-Bratzler shear force values to REIMS output 

found that REIMS could predict a binary classification of tenderness with 75.4% and 

70.2% accuracy respectively (Gredell et al., 2019). 
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The objective of this study was to determine if REIMS could accurately predict 

brisket type and classify samples based on numerous palatability characteristics. Based 

on similar studies it is expected that REIMS will predict brisket type with high 

accuracy. Additionally, it is expected that REIMS will classify samples based on 

palatability characteristics with a high level of accuracy, however it will be less 

accurate than determining brisket type.  

Materials and Methods 

Raw Product Collection & Preparation  

Beef briskets from the USDA Prime, Average Choice, and Select quality 

grades (n = 54; 18 per treatment) were collected at a commercial abattoir in Omaha, 

NE. After selection briskets were vacuum packaged, refrigerated at 0-1°C and 

transported to the Gordon W. Davis Meat Science Laboratory (Lubbock, Texas). 

Briskets were frozen (-29°C) at 3 d postmortem. Briskets were thawed for 

approximately 48 h before consumer service at 2-4°C. Briskets were then unpackaged, 

surface fat was trimmed to 6 mm, and sternum fat was removed. A 5-cm sample 

weighing approximately 100g was removed from the brisket flat (pectoralis profundi) 

and point (pectoralis superficialis). These samples were vacuum packaged, labeled, 

and frozen at -29ºC to be used for lab analysis. Briskets were seasoned with a blend of 

1:1 coarse kosher salt/coarse black pepper by hand (0.05% of the brisket raw weight) 

and were held at 2-4ºC for 12 h prior to cooking. 

 

 



Texas Tech University, William Thomas Fletcher Jr., May 2020 

 

 

68 

 

 

Cooking 

Multiple Jim Bowie Green Mountain Grills (Reno, NV) were pre-heated daily 

to 121ºC. Raw briskets were placed into grills after preheating. The briskets were 

smoked using Gold Blend hardwood pellets (red oak, hickory, and maple wood) at a 

pit temperature of 121°C for approximately 8 h. Within each grill, brisket internal 

temperature was monitored using an internal temperature probe that was inserted into 

the thickest portion of the smallest? brisket to determine temperature. When briskets 

reached 63°C, as confirmed using a digital thermometer (Thermoworks Thermapen; 

American Fork, UT), time and temperature were recorded for each brisket. Each 

brisket was removed from the smoker and double wrapped with heavy duty aluminum 

foil before being placed back into the smoker. As briskets were removed for wrapping, 

the internal temperature probe was moved to the next smallest brisket until all briskets 

were wrapped. The internal temperature probe was then placed back in the original 

brisket and followed a similar sequence until all briskets were cooked. Temperatures 

were continually evaluated and once the briskets reached 93°C, time and temperature 

were recorded. Each brisket was removed from the smoker when reaching the final 

temperature and placed in an insulated container.   

Cooked Sample Preparation  

Cooked briskets were held in an insulated container for approximately 2 h 

prior to sensory panels. Approximately 90 min before serving briskets, sample 

preparation began. Each brisket was removed from the insulated cooler, and individual 

weights were recorded for the whole brisket and each portion of the brisket as they 
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were separated by muscle. Briskets were then sliced (6 mm × 50 mm × cooked depth) 

perpendicular to the muscle fiber to obtain no less than 20 slices per portion for 

consumer evaluation. Slices were transferred to pre-heated rectangular stainless-steel 

pans (176 mm × 108 mm × 150 mm), which were maintained in insulated bain marie 

water bath warming units (Model W-3Vi; American Permanent Ware Company; 

Dallas, TX) at ~50°C throughout the test session.  

Sensory Evaluation 

Sensory sessions were conducted at the Animal and Food Sciences Building at 

Texas Tech University (Lubbock, Texas). Panelists (n = 360) were recruited from the 

Lubbock area, and provided with monetary compensation upon completion of the 

evaluation. Panelists were seated individually in a large room under fluorescent 

lighting. Before each panel session verbal directions were given in regard to filling out 

a demographics survey and sample questionnaire on a 2nd Generation iPad (Apple; 

Cupertino, CA). Each consumer received their own iPad with questionnaires 

preloaded for the study. Questionnaires, including demographics and sensory 

evaluation, were developed and administered using Qualtrics XM survey building 

software (Qualtrics XM; Provo, UT, Seattle, WA). Panelists were provided with a fork 

and knife, a toothpick, a napkin, as well as unsalted saltine crackers, diluted apple 

juice, a cup of water, and an expectorant cup. Panelists were served cooked samples, 

which were coded with 4-digit codes generated randomly, in a randomized and 

balanced order. Each consumer (n = 360) received one warm up sample unrelated to 

the trial to acclimate consumers to the sample format and provide linkage across 
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testing nights. Additionally consumers received six cooked test samples representing 

all quality grade × muscle combinations. In the questionnaires, consumers were asked 

to rank each individual sample based on palatability characteristics including 

tenderness, juiciness, flavor liking, and overall liking. These characteristics were 

evaluated on a 100-point sliding scale where the zero-anchor represented Not Tender, 

Not Juicy, Dislike Extremely Flavor, and Dislike Extremely Overall liking while the 

one hundred-anchor represented Very Tender, Very Juicy, Like Extremely Flavor, and 

Like Extremely Overall. Additionally, panelists were asked to determine if samples 

were acceptable or unacceptable for each palatability characteristic. Willingness to pay 

was assessed on an individual sample basis. Consumers used a sliding scale that 

ranged from zero to forty dollars per pound to represent what the consumer would be 

willing to spend on a sample similar to the one they tasted at a retail level. 

Rapid Evaporative Ionization Mass Spectrometry (REIMS) 

Methodology with modifications was followed according to Gredell et al. 

(2019). Molecular fingerprints of raw beef brisket samples were acquired using rapid 

evaporative ionization mass spectrometry (REIMS). Prior to analysis, samples were 

thawed at 2–4 °C for 24 h. Raw samples were analyzed using a Synapt G2 Si Q-ToF, 

fitted with a REIMS ionization source coupled with an iKnife sampling device 

(Waters Corporation, Milford, MA). A continual flow (200 μL/min) of 2 ng/mL 

leucine-enkephalin was introduced directly to the REIMS source during sampling. The 

cone voltage was set to 40 V, and the heater bias to 80 V. At least five “burns” were 

collected for each sample, with each burn lasting approximately 1 sec. Spectra were 
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collected in negative mode ionization from 50–1,500 m/z. Preprocessing was 

performed using the Abstract Model Builder (AMX) [Beta] version 1.0.1581.0 

software which includes lock mass correction (leucine-enkephalin), background 

subtraction using standard preprocessing algorithms, and normalization to total ion 

current. The resulting spectra was filtered so that five burns of similar intensity were 

isolated from the data set to represent each sample. These peaks of similar intensity 

were summed to create a single value for each corresponding mass/charge value of 

each sample. Peak binning was performed at intervals of 0.5 m/z with m/z values 

ranging from 50.25 to 1499.75, resulting in a total of 2,900 bins and 108 observations 

(samples). 

Predictive Model Descriptions 

 Modeling objectives included: 1) brisket type, 2) overall liking 3) tenderness, 

4) juiciness, and 5) flavor. Brisket type model was designed to classify 6 different 

groups including 1) Select flat, 2) Select point, 3) Choice flat, 4) Choice point, 5) 

Prime flat, and 6) Prime point. For all sensory characteristics the model was designed 

to classify average consumers sensory scores into 3 different groups including 1) high, 

2) medium, and 3) low. Sensory grouping was determined by collecting average 

consumer scores for each sample, then dividing the range of average consumer scores 

into three equal hierarchical groups.  

Model Building 

Model building was conducted according to methodology outlined by Gredell 

et al. (2019) with modifications. Models were built and classifications predicted using 
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PLS-LDA. Using this method, PLS reduced dimensionality and collinearity within the 

REIMS data set before classification with the LDA model by using individual scores 

values from a predetermined number of PLS components as input for LDA. Before 

fitting the models, variables with correlation coefficients > 0.75 were identified and 

those that were highly collinear were removed. Mass bins were then log transformed 

to address skewness of data distributions, mean centered, and unit variance scaled so 

that each variable had a mean of zero and an equal distribution. A 10-fold cross 

validation was performed in order to train the models. Prediction models were fit 

using the pls.lda function from the plsgenomics package in R (R Core Team, 2018). 

The number of PLS components used as inputs for LDA was determined to maximize 

the predictability of the test data set.  

Measure of Predictive Abilities  

Measure of predictive abilities was conducted according to methodology outlined 

by Gredell et al. (2019) with modifications. Two measures were calculated to evaluate the 

overall predictive abilities of each model: overall prediction accuracy and balanced 

prediction accuracy (Cohen’s Kappa Value). Overall prediction accuracy was calculated 

as the number of true positives divided by the total number of samples over all classes. 

However, if class imbalance exists in the data set, overall prediction accuracy can be 

biased towards dominant classes. For that reason, balanced prediction accuracy or 

Cohen’s Kappa Value was also calculated for each model to provide a more realistic 

representation of a model’s predictive ability by accounting for random chance. 

Sensitivity and specificity were calculated on a class-by-class basis. Sensitivity is 

72 
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determined as the number of true positives divided by the number of true positives plus 

false negatives. It is essentially the accuracy of each individual class. Sensitivity does not, 

however, take false positives into consideration; therefore, specificity was calculated for 

each class in conjunction with sensitivity. Specificity is equal to the number of true 

positives divided by the number of true positives plus false positives. 

Results  

Brisket Classification 

Table 3.1 and Figure 3.1 displays the misclassification matrix of various beef 

brisket types based on molecular profiles generated by REIMS. Balanced prediction 

accuracy was 97.8% when all 6 brisket types were included as response variables 

within the prediction model. Both Select Flat and Prime point samples were predicted 

with 100% sensitivity and 100% precision. Therefore, not only was REIMS output 

able to correctly identify every Select flat and Prime point sample, but it also did not 

misclassify any brisket samples into these categories. Choice flat and point portions 

were also predicted with 100% accuracy, however had a decreased rate of precision 

(98.9%) with two false positives (1 Prime flat and 1 Select point). Select point and 

Prime flat portions were predicted with decreased sensitivity (94.4%) but showed 

increased precision (100%).  

Overall Liking 

Table 3.2 and Figure 3.2 displays the misclassification matrix of 3 overall 

liking categories as generated by REIMS. Balanced prediction accuracy was 85.9% 

when all 3 classes of overall liking were included as response variables within the 
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prediction model. Low overall liking samples were predicted with the lowest 

sensitivity (80.0%) and the highest precision (98.9%) as there were 3 false positives (1 

medium and 2 high). Medium overall liking samples were predicted with the next 

highest sensitivity (89.7%) and 95.7% precision with 4 samples being misclassified (1 

low and 3 high). Lastly, high overall liking samples were predicted with the highest 

sensitivity (96.3%) with 90.7% precision, only misclassifying two samples as medium 

overall liking. 

Tenderness 

Table 3.3 and Figure 3.3 displays the misclassification matrix of 3 tenderness 

categories as generated by REIMS. Balanced prediction accuracy was 84.7% when all 

3 classes of tenderness were included as response variables within the prediction 

model. Low tenderness samples were predicted with the lowest sensitivity (73.7%) 

and the highest precision (97.8%) with 5 samples being misclassified as low 

tenderness (4 medium and 1 high). Medium tenderness samples were predicted with 

the next highest sensitivity (88.6%), however the lowest precision (93.2%) with 4 false 

positive samples (2 low and 2 high). Lastly, high tenderness samples were predicted 

with the highest sensitivity (98.2%) with 94.4% precision, only misclassifying one 

sample as medium tenderness. 

Juiciness 

Table 3.4 and Figure 3.4 displays the misclassification matrix of 3 juiciness 

categories as generated by REIMS. Balanced prediction accuracy was 82.4% when all 

3 classes of juiciness were included as response variables within the prediction model. 
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Low juiciness samples were predicted with 84.6% sensitivity and 98.8% precision as 

there were 4 predicted false positive samples (2 medium and 2 high). Medium 

juiciness samples were predicted with the lowest sensitivity (83.9%) and 93.5% 

precision having 5 false positive samples (1 low and 4 high). Moreover, high juiciness 

samples were predicted with the highest sensitivity (94.1%) and the lowest precision 

(88.9%) having 3 samples misclassified as medium juiciness. 

Flavor 

Table 3.5 and Figure 3.5 displays the misclassification matrix of 3 flavor 

categories as generated by REIMS. Balanced prediction accuracy was 72.6% when all 

3 classes of juiciness were included as response variables within the prediction model. 

Low flavor samples were predicted with by far the lowest sensitivity (40.0%) but with 

the most precision (98.1%) as there were 3 samples misclassified (2 medium and 1 

high). Medium flavor samples were predicted with the next highest sensitivity (83.6%) 

and 90.6 precision having 9 false positive samples (1 low and 8 high). Additionally, 

high flavor samples were predicted with the highest sensitivity (91.7%) and the lowest 

precision (85.0%) as there were 4 false positive samples (1 low and 3 medium). 

Discussion 

 REIMS technology has proven to be an accurate tool for the classification of 

numerous biological tissues. Numerous studies have shown that REIMS can correctly 

classify tissue samples from cancerous tissues, fish, and swine samples (Balog et al., 

2015; Black et al., 2017; Verplanken et al., 2017; Song et al., 2019) with great 

accuracy. However, the capabilities are continually being investigated for this 



Texas Tech University, William Thomas Fletcher Jr., May 2020 

 

 

76 

 

 

technology leading into more research classifying red meat species such as cattle and 

their palatability attributes. In this study brisket type classification proved to be the 

most accurate analysis for REIMS with a balanced prediction accuracy value of 

97.8%. REIMS was able to distinguish between the flat (pectoralis profundi) and point 

(pectoralis superficialis) muscles, and also distinguish between the varying 

composition across those muscles from different USDA quality grades. With only two 

false positive samples, a balanced prediction accuracy value of 97.8% shows 

tremendous improvement compared to Gredell et al. (2019) who only observed 59.7% 

balanced prediction accuracy across 7 beef carcass types, and 83.8% across 5 beef 

carcass types. However, less accuracy can be expected as this only evaluated the 

longissimus dorsi muscle and three of the classifications were not USDA grade 

dependent. Additionally, Gredell et al. (2019) was one of the only to investigate 

REIMS capability to predict sensory characteristics including overall liking, 

tenderness, and flavor. However, his prediction models were based off of trained 

sensory data as opposed to untrained consumer data. For overall liking and flavor 

models REIMS was only able to predict 56.1% and 55.6% balanced prediction 

accuracy respectively. Therefore, a binomial response model was generated increasing 

balanced prediction accuracy to 75.43% and 70.3% respectively. In comparison for 

beef brisket samples overall liking was predicted with 85.9% balanced prediction 

accuracy using the high, medium, and low classifications. Similarly, for flavor 

balanced prediction accuracy was 72.6%. Both of these sensory characteristics were 

predicted with higher accuracy than previously observed. In this study tenderness was 
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evaluated similarly with high, medium and low classifications however, Gredell et al. 

(2019) classified samples off or Slice Shear Force (SSF) values and Warner-Bratzler 

Shear Force (WBS) values as either “tender” or “tough”. REIMS was still able to 

accurately predict tender samples with 84.7% balanced prediction accuracy compared 

to 75.4% for SSF and 70.2% using a binomial classification system. Juiciness was 

evaluated by REIMS and had similar accuracy of classification at 82.4%, however 

other studies have not previously attempted to predict this sensory attribute. 

Conclusion 

REIMS technology was able to successfully classify beef brisket samples not 

only by brisket type, but into hierarchical structured sensory characteristic classes. 

With fine tuning of the instrument and more data from repeated studies REIMS can 

become a way for scientists to minimize the time and procedural methods required to 

analyze tissue samples. Through this project this data suggests that REIMS can be 

used as a real time method to analyze characteristics of beef samples and classify them 

into known groups with no sample preparation. 
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Table 3.1 Misclassification matrix1
 of various beef brisket types as predicted2

 by Partial Least Squares-Linear Discriminant Analysis (PLS-

LDA) using molecular profiles of beef brisket samples collected using rapid evaporative ionization mass spectrometry (REIMS).  

 Predicted Class    

Reference Class SF SP CF CP PF PP Total Sensitivity Specificity 

SF 18      18 100.0% 100.0% 

SP  17     17 94.4% 100.0% 

CF    18  1  19 100.0% 98.9% 

CP  1  18   19 100.0% 98.9% 

PF     17  17 94.4% 100.0% 

PP      18 18 100.0% 100.0% 

Total 18 18 18 18 18 18 108   

          

Overall Prediction Accuracy  98.2%  

Balanced Prediction Accuracy  97.8%  
1Number of samples falling into each respective classification category after prediction.  
2Models were built using 80% of the original data and tested using the remaining 20%. 



Texas Tech University, William Thomas Fletcher Jr., May 2020 

 

 

81 

 

 

Table 3.2. Misclassification matrix1
 of 3 overall liking categories (low, medium, high) predicted2

 by Partial Least Squares-Linear 

Discriminant Analysis using molecular profiles of beef brisket samples collected using rapid evaporative ionization mass spectrometry 

(REIMS).  

 Predicted Class 

Reference Class3 Low Medium High Total Sensitivity Specificity 

Low 12 1 0 13 80.0% 98.9% 

Medium 1 35 2 38 89.7% 95.7% 

High 2 3 52 57 96.3% 90.7% 

Total 15 39 54 108   

       

Overall Prediction Accuracy 91.7%   

Balanced Prediction Accuracy 85.9%   
1Number of samples falling into each respective classification category after prediction.  
2Models were built using 80% of the original data and tested using the remaining 20%. 
3Refernce class assigned using hierarchical average consumer scores 
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Table 3.3. Misclassification matrix1
 of 3 tenderness categories (low, medium, high) predicted2

 by Partial Least Squares-Linear 

Discriminant Analysis using molecular profiles of beef brisket samples collected using rapid evaporative ionization mass spectrometry 

(REIMS). 

 Predicted Class 

Reference Class3 Low Medium High Total Sensitivity Specificity 

Low 14 2 0 16 73.7% 97.8% 

Medium 4 31 1 36 88.6% 93.2% 

High 1 2 53 56 98.2% 94.4% 

Total 19 35 54 108   

       

Overall Prediction Accuracy 90.7%   

Balanced Prediction Accuracy 84.7%   
1Number of samples falling into each respective classification category after prediction.  
2Models were built using 80% of the original data and tested using the remaining 20%. 
3Refernce class assigned using hierarchical average consumer scores 
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Table 3.4. Misclassification matrix1
 of 3 juiciness categories (low, medium, high) predicted2

 by Partial Least Squares-Linear Discriminant 

Analysis using molecular profiles of beef brisket samples collected using rapid evaporative ionization mass spectrometry (REIMS). 

 Predicted Class 

Reference Class3 Low Medium High Total Sensitivity Specificity 

Low 22 1 0 23 84.6% 98.8% 

Medium 2 26 3 31 83.9% 93.5% 

High 2 4 48 54 94.1% 88.9% 

Total 26 31 51 108   

       

Overall Prediction Accuracy 88.9%   

Balanced Prediction Accuracy 82.4%   
1Number of samples falling into each respective classification category after prediction.  
2Models were built using 80% of the original data and tested using the remaining 20%. 
3Refernce class assigned using hierarchical average consumer scores 
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Table 3.5. Misclassification matrix1
 of 3 flavor categories (low, medium, high) predicted2

 by Partial Least Squares-Linear Discriminant 

Analysis using molecular profiles of beef brisket samples collected using rapid evaporative ionization mass spectrometry (REIMS). 

 Predicted Class 

Reference Class3 Low Medium High Total Sensitivity Specificity 

Low 2 1 1 4 40.0% 98.1% 

Medium 2 46 3 51 83.6% 90.6% 

High 1 8 44 53 91.7% 85.0% 

Total 5 55 48 108   

       

Overall Prediction Accuracy 85.2%   

Balanced Prediction Accuracy 72.6%   
1Number of samples falling into each respective classification category after prediction.  
2Models were built using 80% of the original data and tested using the remaining 20%. 
3Refernce class assigned using hierarchical average consumer scores 
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Figure 3.1. Projection of partial least squares-linear discriminant scores of the training 

model built from rapid evaporative ionization mass spectrometry (REIMS) mass bins 

to predict various beef brisket types. 
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Figure 3.2. Projection of partial least squares-linear discriminant scores of the training 

model built from rapid evaporative ionization mass spectrometry (REIMS) mass bins 

to predict overall liking class. 
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Figure 3.2. Projection of partial least squares-linear discriminant scores of the training 

model built from rapid evaporative ionization mass spectrometry (REIMS) mass bins 

to predict tenderness class. 
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Figure 3.3. Projection of partial least squares-linear discriminant scores of the training 

model built from rapid evaporative ionization mass spectrometry (REIMS) mass bins 

to predict juiciness class. 
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Figure 3.4. Projection of partial least squares-linear discriminant scores of the training 

model built from rapid evaporative ionization mass spectrometry (REIMS) mass bins 

to predict flavor class. 




