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Abstract

Ground beef accounts for a substantial share of retail beef sales and is widely recognized
as the most popular beef product consumed in the United States. To meet consumer demands, the
meat industry must prioritize quality while maintaining affordability of ground beef products.
Important quality characteristics of ground beef and ground beef patties include flavor,
tenderness and texture which can be altered during patty manufacturing. Two studies were
conducted to evaluate the effect of varying processing methods used during the grinding and
forming stages of beef patties on consumer acceptability and organoleptic properties. In both
studies, beef patties were randomly allocated for analysis of cooking loss, cooking time, cooked
shrink, internal cooked color, texture profile analysis (TPA), Allo-Kramer shear force (AKSF),
and consumer sensory testing.

Study one examined the properties of ground beef patties (n = 333/treatment)
manufactured using one of four different forming methods commonly utilized throughout the
industry — DIJM VF06, VEMAG FM250, VEMAG MPFS818, and VEMAG guillotine cut-off.
Patties formed using the DJM VF06 exhibited the greatest (p = 0.0002) hardness value and the
greatest (p < 0.0001) cohesiveness, chewiness, resilience and Allo-Kramer shear force values
compared to all other treatments. Consumer panelists ranked DJIM VF06 patties as being
significantly less (p = 0.0020) tender than the patties from the other treatments. Volatile
compound analysis, using an electronic nose, revealed that there were no significant differences
(p > 0.0578) observed in the retention indices of alcohols, aldehydes, ketones, or sulfides
amongst the four treatments. However, differences (p = 0.0144) in the retention indices of

hydrocarbons were observed.



Study two investigated the effects of two different particle size reduction methods — bowl
chopping or grinding — on the consumer acceptability and organoleptic properties of beef patties
(n =372/ treatment). Patties formed after bowl chopping exhibited greater (p < 0.0078) shear
force, hardness and chewiness values. Greater (p < 0.0210) cook shrink and cook time were also
observed for patties formed after bowl chopping. Patties formed after grinding received greater
(p = 0.0199) overall liking scores from panelists and were perceived as being less (p = 0.0034)
fatty compared to patties formed after bowl chopping. There was no effect (p = 0.7400) of
grinding method on the cook loss of ground beef patties. Results from the current studies indicate
that grinding method can alter the consumer acceptance and physiochemical properties of ground
beef patties. These findings will play a valuable role in shaping industry practices and decision-

making around ground beef patty processing.
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Chapter 1

Literature Review

1.0 Introduction

An estimated 63% to 74% of North Americans consume red meat each day (Frank, et al.,
2021). Within their consumption pattern, beef is the most commonly consumed red meat protein
in the United States (Sanders, 2024). Ground beef is popular amongst red meat consumers
because of its affordability and versatility. In recent years, it is estimated that ground beef
comprises up to 65% of all beef sold and consumed in the United States (Savell & Gehring,
2020). Ground beef patties are one of the most commonly purchased ground beef product form
among U.S. consumers (Lau et al., 2023). In 2021, more than half of all beef consumers reported
eating at least one ground beef patty weekly (Beef its What’s for Dinner, 2021). Between
January and July of that same year, 162 million pounds, or 10.8% of all ground beef sold in
United States retail stores was sold as pre-formed ground beef patties (Beef its What’s for

Dinner, 2021).

New technologies for ground beef patty formation such as in-line grinding attachments and
patty forming machines are used to increase processing efficiency and decrease costs for meat
processors as they support continuous production compared to batch production practices (Weiss
et al., 2010). Traditionally, there are a series of steps involved in the production of ground beef
patties, each of which result in structural changes to the meat proteins resulting in altered eating
quality of the ground beef patty (Berger et al., 2022). These production steps include the coarse
grinding, mixing, fine grinding, and forming (Berger et al., 2022). Use of bowl choppers for

reducing particle size of beef trimmings in ground beef patty production combines the grinding
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and mixing steps due to the ability of the machine to chop and mix simultaneously (Rust, 2004).
Sensory panel scores for ground beef patty palatability traits revealed a consumer preference for
ground beef patties made from ground beef prepared using a bowl chopper compared to a
traditional grinder (Berry, 1980). This is in part due to the differing mechanical forces that act on
the meat during processing which influence quality factors such as water holding capacity, and
consumer sensory perceptions of tenderness and flavor (Berger, et al., 2022; Imafidon & Spanier,

1994).

The aim of this literature review is to discuss how variations in ground beef patty production
and cooking processes can alter the physiochemical and sensory attributes of ground beef patties.
Variations in mechanical processing methods of patties such as grinding, forming, cooking, and
degree of doneness can alter factors including objective texture, sensory tenderness, color,
cooking loss and overall consumer acceptability. Through identification and understanding of the
quality parameters that are important to consumers and what factors can influence these
parameters we can optimize ground beef patty production processes to improve quality while

simultaneously prioritizing efficiency and consistency of the final product.

1.1 Grinding Methods

1.1.1 Bowl Chopping

Unlike traditional grinding methods, a bowl chopper has the ability to both mix and
reduce the particle size of a product simultaneously (Rust, 2004). This cutting is made possible
by a set of vertically rotating knives combined with a rotating bowl (Rust, 2004). Bowl choppers
are generally not ideal for use in high-speed, continuous production facilities but rather for

products produced in batches (Rust, 2004). Use of a bowl chopper for batch production of

15



ground beef patties decreases production efficiency. Traditionally, bowl choppers are controlled
by the operator which can lead to differences in particle size amongst batches (Rust, 2004).
However, new technology enables bowl choppers to be set at specific speeds for designated
durations of time allowing for greater consistency across batches. Ground beef patties made by
chopping have resulted in greater sensory values, compared to grinding, for attributes which
include tenderness, amount of connective tissue, juiciness and flavor intensity (Berry, 1980). A
decrease in objective tenderness values has been recorded in ground beef patties manufactured
using bowl chopped meat trimmings which correlates with decreased sensory ratings reported by
consumer panelists (Berry, 1980). Further research concludes that there is a greater preference
for ground beef patties produced using bowl chopped beef trimmings made from utility grade

beef compared to choice grade beef (Cross et al., 1980).

1.1.2 Grinding

Grinding is the most commonly used method for particle size reduction of meat, and it is
one of the first steps in the process of manufacturing ground beef patties (Berger, 2022). During
the grinding process, a rotating screw drives the meat toward a perforated metal grinding plate
through a cylindrical housing (Berger, 2023). Initial grinding of meat trimmings reduced the
particle size of the meat to between 13 and 19 millimeters (Witte, 2022). After the initial
grinding, beef trimmings will be mixed to evenly distribute the lean and fat proportions of the
ground meat (Berger, 2022). Final grinding is the last grinding step where the meat is further
reduced to a particle size of roughly 3 millimeters (Berger, 2022). This step also helps to evenly
distribute lean and fat particles evenly throughout the final product (Rust, 2004). Meat grinders
allow for consistent and uniform production of ground meat, and the grinders can be fitted with

hard particle separators unlike bowl choppers (Rust, 2004).
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1.2 Temperature Effects and Protein Denaturation

Cooking meat, specifically ground beef patties can be defined as the heating of a product
to temperatures sufficient for protein denaturation to occur (Davey et al., 1974). Cooking meat
can affect the physiochemical properties of meat (Schwartz et al., 2022). Physiochemical
properties that undergo changes during cooking include appearance, aroma, flavor, texture and
the denaturation and gelation of meat proteins (Schwartz et al., 2022). Changes in the
aforementioned properties can affect the palatability of meat, altering consumer perception of the
cooked product (Schwartz et al., 2022). Effects on physiochemical properties vary depending on
the internal end-point temperature of the product and can greatly influence the consumers'
perception and acceptance of organoleptic properties of meat (Schwartz et al., 2022; Prill et al.,
2019). Greater degrees of doneness have been correlated with decreased cooking yields and
decreased consumer tenderness, flavor acceptability, and juiciness ratings (Cross et al., 1976).
Impact of degree of doneness on the quality attributes of meat can be better defined when

evaluating the denaturation of meat proteins that occurs during cooking.

Protein accounts for approximately 20% of the overall composition of meat (Listrat et al.
2016). Meat quality can be related to its protein structure which undergoes changes during the
cooking process (Tornberg, 2005). Meat structural proteins can be classified according to
whether they are myofibrillar, sarcoplasmic, or connective tissue. These categories of proteins
comprise 50 to 55%, 30 to 34% and 10 to 15% of total protein, respectively (Tornberg, 2005).
Each class of meat proteins — myofibrillar, sarcoplasmic and connective tissue — has a
generalized peak temperature range to achieve denaturation during cooking. Peak denaturation of
myofibrillar proteins in beef appears to occur between 55 and 60 °C (Yu et al., 2017). More

specifically, contractile myofibrillar proteins such as myosin typically denatures between 40 and
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60 °C, and actin will not begin to denature until 71 °C (Brunton et al., 2006). Connective tissue
proteins peak denaturation generally occurs at roughly 60 °C, however collagen, which is the
primary connective tissue protein, will not completely denature until a temperature of 70 °C is
attained (Yu et al. 2017; Brunton et al., 2006). Sarcoplasmic proteins denature between 50 and
70 °C, though there is no definitive peak cooking temperature indicating a more specific
denaturation temperature (Yu et al. 2017). Complex interactions amongst the various proteins in
different states of denaturation changes the physical and chemical properties of meat (Tamilmani
& Pandey, 2016). For example, thermal denaturation of myosin and collagen have been linked to
decreased tenderness and increased water loss in meat (Brunton et al., 2006; Tornberg, 2005).
Denaturation of the sarcoplasmic protein, myoglobin, is responsible for the changes in internal
color of meat from red to brown that occurs as internal temperature increases during cooking

(Pathare & Roskilly, 2016; Schwartz et al., 2022).

1.3 Characteristics Affected

1.3.1 Color

Consumers have placed emphasis on the degree of doneness in ground beef patties based
on the internal cooked color (Ressvoll, et al., 2014). Using internal color for judging the degree of
doneness in ground beef patties disregards the USDA’s recommendation of using a food
thermometer to confirm ground beef patties have achieved a minimum internal temperature of 71.1
°C (USDA, 2024). A variety of factors can affect the myoglobin protein forms present within meat
which consequently can affect the internal color of cooked, and even raw, ground beef patties
(King & Whyte, 2006). In meat products, specifically beef, there are three myoglobin chemical

forms. These include deoxymyoglobin in a low oxygen environment, oxymyoglobin in oxygen
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rich environments, and metmyoglobin when the myoglobin molecule becomes oxidized
(Schweihofer, 2024).

Cooking a ground beef patty from a frozen versus a thawed state can impact the internal
cooked color (Van Laack, et al., 1996a). It has been observed that when cooking patties from a
frozen state, internal color tends to be redder compared to when cooking from a thawed state (Van
Laack, et al., 1996a). Only when cooking patties from a thawed state did the internal color tend to
appear more brown or well-done at temperatures below 71 °C (Van Laack, et al., 1996a). Duration
of thawing time can also affect the internal cooked color of the patty, as thawing methods requiring
greater amounts of time have proven to result in a greater incidence of premature browning (Lyon,
et al., 2000). Premature browning occurs when the internal cooked color of a patty appears brown,
or well-done, before it has reached an internal temperature of 71 °C (Ramanathan, et al., 2019). It
has been proven that premature browning is linked to ground beef containing high levels of
oxymyoglobin and metmyoglobin (Killinger, et al., 2000).

Methods of packaging can influence both the fresh surface and the internal cooked color
of the patty. For example, vacuum packaging methods restrict the availability and flow of oxygen
through the package, resulting in greater concentrations of deoxymyoglobin to be present within
the meat (King & Whyte, 2006). Patties with greater deoxymyoglobin levels tend to exhibit a
purple-reddish color when raw. However, when cooked to temperatures of 55 °C internally, they
appeared undercooked due to their bright red internal color (Hunt et al., 2008). Persistent pinking
is a term used to define the pink or red appearance of meat due to undenatured pigments remaining
when the product is cooked to internal endpoint temperatures sufficient for 100% denaturation to
occur (Claus, 2007). Modified Atmosphere Packaging (MAP) a is an example of a packaging

method that allows for increased oxygen presence and flow within the package leading to greater
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levels of oxymyoglobin within the meat (King & Whyte, 2006). Patties with greater oxymyoglobin
levels appear bright red when raw, and brown when cooked to an internal temperature of 55 °C

(Hunt et al., 2008).

1.3.2 Texture and Tenderness

Texture and tenderness are commonly discussed in conjunction with each other with
regards to research on meat products in the literature. Many of the methods used to objectively
measure meat tenderness do not capture the effect that mastication has on the tenderness of a
product as perceived by the consumer (Caine et al., 2003). To address the effect of mastication,
texture profile analysis (TPA) is commonly conducted in addition to taking objective tenderness
measurements (Caine et al., 2003). Correlating objective texture and tenderness measurements to
sensory tenderness and texture assessments can be difficult as the relationship between the two
can depend on factors such as muscle type, duration of aging and degree of doneness (Warner et
al., 2021). Previous research indicates that TPA explains more of the variation in sensory panel
assessments of beef tenderness compared to objective tenderness measurement methods such as

Warner-Bratzler shear force (Caine et al., 2003).

Tenderness is one of the most important meat quality characteristics dictating the overall
liking of beef products during consumption (Liu et al., 2020). Tenderness of meat is assessed
through instrumental testing and consumer sensory panel assessments (Warner et al., 2021).
Warner-Bratzler shear force is a commonly used method for whole-muscle products likes steaks
and roasts. Whereas alternate methods, including Allo-Kramer shear force, are utilized for
ground meat products like sausages and patties (Warner et al., 2021). Peak shear force values
obtained from instrumental analysis of meat are the best predictors of perceived tenderness by

consumers (Seideman & Theer, 1985). Important factors that influence the tenderness of meat
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include the amount of connective tissue, sarcomere length and myofibrillar protein degradation

(Xie & Grossmann, 2025).

Texture of food is perceived by humans orally during consumption and is determined by
the mechanical, structural and surface properties of a product (Pematilleke et al., 2021). First-
bite, mastication and after-feeling properties are important aspects of oral processing during
sensory evaluation of texture (Warner et al., 2021). Meat texture is influenced by factors
including the amount of connective tissue in the meat, cooking time, and cooking temperature
(Vasanthi, et al. 2007). As internal cooking temperature increases, it has been concluded that
hardness values and perceived toughness of ground beef patties will also increase (Tornberg,
2005). Greater amounts of connective tissue in meat can result in a greater incidence of
connective tissue in products detected by sensory panelists as well as increased hardness and
cohesiveness perceived in the first bite (Berry et al., 1986). Texture pressure analysis can be used
to instrumentally measure the textural parameters of processed meats (Warner et al., 2021)
Textural parameters of meat include hardness, cohesiveness, springiness, and adhesiveness

(Warner et al., 2021).

1.3.3 Cooking Yield

Cooking yield can be described as the difference in product weight before and after
cooking (USDA, 2014). Changes in product weight are a result of the gains or losses of fat and
moisture that occur when cooking (Roseland et al., 2015). Factors influencing cooking yield are
endpoint temperature, and cooking method (Murphy & Marks, 2000; Cheng & Sun, 2008). Cook
yield can be calculated by using the following equation: yield (%) = (Weight of cooked sample)/
(weight of raw sample) x 100% (USDA, 2014). Previous research reports decreased cooking

yields when using slow cooking methods (moist heat) as opposed to fast cooking methods such
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as dry heat (Locker & Daines, 1974). As cooking temperature increases, cooking losses and
cooking shrinkage will increase (Vaskoska, et al., 2020). Changes in total cooked weight of a
meat product can be attributed in part to the denaturation of proteins causing a reduction in water
holding capacity (Tornberg, 2005). Water holding capacity is defined as meat's ability to retain
water and is an important factor in the assessment of cooking yields and product shrinkage

(Cheng & Sun, 2008).

1.3.4 Cooking Shrink

Diameter shrinkage is frequently observed when cooking ground beef patties (Pan &
Singh, 2001). Consumers often use meat dimensional shrinkage upon cooking as a quality
indicator, with a greater degree of perceivable shrinkage signifying poor meat quality (Barbera &
Tassone, 2006). When comparing different types of meat products, ground beef patties tend to
display a greater degree of product shrinkage when cooking relative to emulsified meat products
(Tornberg, 2005). This increase in shrinkage can be attributed to the greater amount of whole
muscle fibers and pieces of muscle fibers present within the ground beef patty product as
opposed to emulsified products such as sausages where more protein is extracted during particle
size reduction (Tornberg, 2005). Unlike emulsified products, ground beef patties do not contain
added ingredients or water within the formulation that can be absorbed within the cellular portion

of the meat matrix and reduce cooking shrink.

Dimensional shrinkage of meat has been reported to coincide with moisture and fat losses
(Dalvi-Isfahan, 2023). Most ground beef patty shrinkage occurs due to moisture loss during
cooking and percent shrinkage of the patty can range between 20 to 30% (Dalvi-Isfahan, 2023).
Greater cooking temperatures can lead to an increased percentage of cooked patty shrink (Pan &

Singh, 2001). Cooked shrinkage of meat products often occurs in a non-uniform manner
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(Purslow et al., 2016). Changes in cooked product shrinkage can be attributed to the transverse
and longitudinal shrinkage of muscle fibers occurring within different temperature ranges.
Transverse shrinkage of muscle fibers is reported to be more prevalent between 40 and 60 °C,

whereas longitudinal shrinkage occurs between 60 and 80 °C (Purslow et al., 2016).

1.4 Electronic Nose and Aroma

Technology such as the electronic nose (e-nose) is a relatively new instrument that can
imitate the human olfactory system (Wang & Chen, 2024). Unlike the human nose which cannot
precisely, consistently, or objectively identify aromatic compounds, the e-nose has the ability to
accurately detect, analyze and identify the numerous volatile compounds responsible for odor in
food (Shi et al, 2017; Wang & Chen, 2024). Electronic nose technology consists of head space
sampling, an array of gas sensors designed to simulate the human olfactory system, and a pattern
recognition system to create an odor profile (Borras et al., 20215). Advantages of the e-nose
include its rapid analysis speed, the small sample size required for odor detection, and its ability
to preserve the raw material while detecting volatiles (Wei et al., 2023). However, the e-nose is
limited in its ability to identify and quantify individual compounds present in a sample (Wei et
al., 2023). Gas Chromatography — Mass Spectrometry (GC — MS) combines gas chromatography
and mass spectrometry to identify and quantify the volatiles in a product (Pramod et al., 2021).
Chemical mixtures are separated by the GC component, and the MS component identifies the
molecular components of the chemical mixtures (Pramod et al., 2021). An advantage of GC —
MS is that it can reliably and accurately characterize and identify complex mixtures of volatiles
in food products (Pramod et al., 2021). While GC — MS is a great tool for qualification and
quantification of volatile compounds within a sample, sample preprocessing, preparation and

processing is complex and time consuming (Wei et al., 2023). E-nose and gas chromatography
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technologies are commonly used in conjunction with each other to develop odor fingerprints for
the products being analyzed (Wei et al., 2023). Odor fingerprinting combines volatile compound
data, chromatogram data, and other spectral data for analysis and information extraction to create
an aromatic profile, or odor fingerprint (Wei et al., 2023). While it is unlikely that electronic
noses will replace the human nose in aromatic analysis, its technology offers valuable insight
into the specific volatile compounds present within foods and allows for in depth comparisons of
products (Ghasemi-Varnamkhasti et al., 2009).

Cooking as well as the restructuring of meat, occurring through processes such as
grinding, can give rise to both desirable and undesirable flavors in the meat (Imafidon & Spanier,
1994). Of the few hundred volatile compounds responsible for the flavor of meat, only a small
amount of them are responsible for meat aroma (Kosowska et al., 2017). Thermally induced
reactions that occur when cooking meat result in the development of meat aroma (Khan et al.,
2015). One of the reactions that is largely responsible for most compounds identified in the
aroma of cooked meat is the maillard reaction (Resconi et al., 2013). Compounds produced in the
maillard reaction are associated with aroma flavor sensory descriptors including roasted, nutty,
sweet, burnt, meaty, and bitter (Van Ba et al., 2012). Grilling ground beef patties will generate
maillard reaction products at internal temperatures below 90 °C (Trevisan et al, 2016). Lipid
degradation reactions also substantially contribute to the development of meat aroma. Long
cooking times at low temperatures are primarily responsible for lipid oxidation (Shahidi &
Hossain, 2022). Volatile compounds responsible for meat aroma resulting from lipid oxidation
include aldehydes, alcohols, ketones and hydrocarbons (Fu et al., 2022). Lipid oxidation
products often interact with maillard reaction products creating more complex flavors and

ultimately resulting in the characteristic cooked meat flavor profile (Fu et al., 2022). More
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specifically, the aldehydes that are produced as a result of thermal degradation of lipids can
participate in the maillard reaction (Shahidi & Hossain, 2022). Electronic nose and gas
chromatography technologies are able to identify volatile compounds that are produced by these
cooked meat reactions and associate them with aroma flavors, combined with consumer sensory

responses offers valuable insight into product quality characteristics that impact acceptability.

1.5 Sensory Analysis and Consumer Acceptability

Sensory analysis is the scientific assessment and study of consumer responses to the
perception of specific food attributes which are interpreted using the sense of sight, taste, touch,
smell, and hearing (Ruiz-Capillas et al., 2021). Data obtained from sensory analysis of products
offers food companies valuable insight into product information that cannot always be obtained
through instrumental analysis (Sidel & Stone, 1993). Historically, food companies have
employed product specialists for the sensory evaluation of food products (Sidel & Stone, 1993).
Use of product specialists has diminished over time and trained sensory panels, as well as
consumer sensory panels, have begun to replace their role in industry (Sidel & Stone, 1993).
Sensory analysis can be either analytical, which includes discrimination and descriptive
assessments, or affective, which determines product acceptance through the use of consumer
preference responses and hedonic tests (Ruiz-Capillas et al., 2021). Consumer responses for
sensory analyses are comprised of sensory, affective, cognitive, and behavioral components
(Costell et al., 2009). These components offer insight into the sensory perception of the product,
the acceptability of the product, pre-existing attitudes and beliefs of consumers and future

behavior or purchase intentions with regards to the product (Costell et al., 2009).

With regards to meat, overall eating quality can be attributed to factors perceived by the

consumer which includes flavor, aroma, texture, tenderness, appearance and juiciness (Berger, et
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al., 2023). Of these factors, flavor, tenderness and juiciness are the three most important that
contribute to the overall liking of beef during consumption (Felderhoff et al. 2020). Historically,
tenderness has been the greatest contributing factor to overall liking of beef products (Liu et al.,
2020). However, recent research has revealed a shift from tenderness to flavor having a greater
influence on consumer liking scores of beef products (O’Quinn et al., 2018). It is believed that
improvements in tenderness that have occurred over the past 30 years are responsible for the
shift to flavor being the most important factor driving overall liking (O’Quinn et al., 2018).
Degree of doneness largely impacts consumer acceptability and overall liking scores of meat
products (Schwartz, 2022). Generally, as degree of doneness increases, consumer evaluation
scores for tenderness, juiciness, flavor and overall liking tend to decrease (Drey et al., 2019).
However, preferences for degrees of doneness still vary amongst consumers (Schwartz, 2022).
Consumer demographic background such as culture, age, income, and gender, has been proven

to largely influence consumer preferences for sensory attributes of meat (Garmyn, 2020).

1.6 Conclusion

Ultimately, consumer perception and acceptability of meat quality characteristics is the
most important variable to be considered when producing and preparing ground beef patties.
Thermal degradation of meat proteins can be the driving factor behind most changes seen in beef
patty characteristics when cooking. Degree of protein extraction within the meat batter of beef
products can affect the extent to which thermal protein denaturation influences meat quality
(Tornberg, 2005). Quality characteristics of meat can be measured objectively through
instrumental testing and subjectively through consumer sensory panels. By utilizing the results
from both instrumental and consumer testing, optimal production and cooking conditions can be

applied to develop the highest quality ground beef patty for consumers.

26



Current literature provides insight into factors such as volatile and sensory analysis,
degree of doneness and water holding capacity on ground beef quality attributes. However, there
is a gap in the literature regarding how processing methods such as mechanical patty forming
and particle size reduction influence the sensory and physiochemical properties of ground beef
patties. New patty processing technologies and the forces they apply on the meat may alter
muscle fiber integrity, cooked quality characteristics and consumer perception of ground beef
patties. Despite the prevalent use of these technologies — including vacuum fillers, bowl
choppers and forming attachments — in industry today, limited research has been conducted

evaluating their effects on final product quality.

Current research objectives were designed to address industry-relevant questions and the
gaps in knowledge within literature. One objective investigates how varying forming attachments
— specifically the DJIM VF06,Vemag FM250, Vemag MPF818 and the Vemag 4-inch guillotine
cut-off attachments — alter physiochemical properties of ground beef patties such as cooked
color, loss and shrink, tenderness and texture, volatile compound relevance and consumer
acceptance. A second objective examines how different particle size reduction methods —
traditional grinding and bowl chopping — affect the physiochemical and sensory characteristics of
ground beef patties. By addressing these questions, this research aims to understand the effects of
mechanisms that improve patty processing efficiency on eating quality. Ultimately, providing
insight into production technologies will help processors optimize their operational efficiency

while maximizing consumer satisfaction and maintaining product consistency.
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Abstract:

Consumer acceptability of ground beef patties is dictated by organoleptic properties
including tenderness, juiciness, and flavor. Objectives of the current study aimed to evaluate
organoleptic characteristics of ground beef patties produced using various patty forming
attachments. Ground beef patties (n = 333/ treatment) were formed using one of four treatments.
Beef patties were analyzed for cooking loss, cooking time, cooked patty shrinkage, internal
cooked color, texture profile analysis, Allo-Kramer shear force, consumer sensory panel, and
volatile compound analysis using an electronic nose. Forming method altered cooking time (p <
0.0001) and cooked patty shrinkage (p < 0.0001) but forming method did not alter cooking loss
(p =0.8116). Objective tenderness was greatest for beef patties in treatment 2 compared to all
other treatments (p < 0.0001). Lastly, consumer ratings for tenderness was the only sensory
variable altered by forming method (p < 0.0020). Categorizing the characteristics of ground beef
patties altered by forming and manufacturing techniques is important for determining consumer

acceptance and quantifying textural differences.

Keywords: Allo-Kramer shear force; cooked color; forming method; ground beef; sensory

panel; texture profile analysis
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1. Introduction

It is estimated that each day between 63 to 74% of people living in North America
consume red meat [1]. In 2024, the average per capita beef consumption in the United States was
reported to be 26.8 kg per person [2]. Of the beef sources consumed, ground beef is a versatile
option making it a popular product amongst red meat consumers, and it is commonly utilized in
the form of a patty [3]. In the United States, ground beef comprised 36% of the total dollar sales
and 47% of the total volume in kilograms of retail beef sold in 2024 [4]. Research has concluded
that more than 50% of consumers report consuming at least one ground beef patty each week [5].
Additionally, in U.S. retail stores between January and July of 2021, 10.8%, or 73.5 million
kilograms, of ground beef was sold as pre-formed patties [5].

Palatability attributes of flavor, tenderness, and juiciness are considered the three most
important factors contributing to overall liking of beef by consumers [6]. Survey results of
university students (graduate and undergraduate) concluded that guaranteed tenderness label
claims can significantly influence buying preferences of beef at the retail counter [7]. Changes in
characteristics of beef steaks and patties have been well documented to be influenced by
cooking, fat content and moisture loss, and are evaluated using objective measures such as Allo-
Kramer shear force and Texture Profile Analysis [8].

Cooking, grinding, or any other manufacturing process causing restructuring of muscle
can result in the development of both desirable and undesirable flavors [9]. To evaluate these
changes to flavor and aroma of meat can be objectively evaluated by determining the volatile
compounds present in the product [10]. Technology for evaluating meat quality has been
established through electronic nose head space analysis and the identification of volatile organic

compounds produced when meat is cooked [11].
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One of the most important factors consumers consider when purchasing and consuming
beef is quality [12]. Meat flavor quality can be a subjective term that is defined by consumer
experience in relation to the product. Consumers can determine flavor quality based on their
experiences during eating. However, prior to consumption consumers rely on quality cues, which
are any information stimuli perceived by the senses such as color or smell, to make
determinations regarding products [13]. During the cooking process, meat characteristics
including cooking shrink, cooking loss, cooked color and textural properties of beef are affected
by protein denaturation [14-15]. Cooking shrink is a parameter that consumers oftentimes
correlate with product quality, as greater amounts of cooking shrink are associated with
decreased quality [16].

Formed beef patties eliminate the steps necessary to create a patty thus offering
efficiency for consumers cooking in-home and for restaurant establishments. Efficient ground
beef patty cooking in restaurant settings is characterized by fast cooking times whereas
consumers cooking ground beef patties at home seek a combination of efficiency and quality
[17]. Previous research has been conducted investigating the relationship between various traits
including fat percentage, grinding method, packaging type, and the sensory evaluation of ground
beef [18-20]. However, limited research is available exploring the effect of forming method on
the sensory attributes and characteristics of beef patties. Therefore, the objective of this study
was to evaluate machine forming on the organoleptic properties and cooked parameters of
ground beef patties.

2. Materials and Methods

2.1 Raw Materials
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Beet chuck rolls (N = 32) were purchased from a commercial meat distributor (Capital
Farms, Wickenburg, AZ, USA) and shipped using commercial refrigerated logistics to Robert
Reiser & Co. (Canton, MA, USA). Chuck rolls were allotted randomly to one of four treatments
(16.67 kg/batch, three batches/treatment) and each batch was coarse ground using a 3-knife bowl
cutter (K124, Seydelmann, Stuttgart, Germany). Beef trimmings were chopped for 25 seconds
using a knife speed of 1,200 RPM and a bowl rotation speed of 15 RPM. Coarse ground beef was
placed into a vacuum filler (HP25E, VEMAG, Verden, Germany) fitted with an in-line grinding
attachment (982 In-Line Grinder, VEMAG, Verden, Germany) and a hard particle separator (813
separator, VEMAG, Verden, Germany). Following grinding, patties were formed into 118 g (£ 5
g) using one of four forming machines.

Beef patties were formed using one of four methods described in Table 1. Treatment 1
patties were formed using a VacForm (VF06, DIM Food Processing, Elburg, Netherlands).
VacForm machine utilizes a waterwheel flow dividing system that equally distributes the product
across six cavities of the forming plate resulting in minimal product loss and weight variation
[21]. Ground beef is released from the forming plate onto a conveyor using heated Teflon®
coated knock-out cups [21]. A VacForm patty machine has the capacity to produce patties at a
rate of up to 4,000 kg/hour [21]. Treatment 2 patties were formed using a Forming Machine
(FM250, VEMAG, Verden, Germany). FM250 utilizes a rotating knife to cut exact portions of
product being fed through the machine nozzle [22]. This attachment has the capacity to produce
up to 1,800 kg/hour [23]. Treatment 3 patties were formed using a Manual Patty Former
(MPF818, VEMAG, Verden, Germany). MPF818 is a manual forming attachment that connects
directly to the vacuum filler [24]. The vacuum filler portions the product into the forming plate

of the MPF818. A machine operator then manually slides the forming plate to release the formed
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product while the vacuum filler simultaneously portions product into the other side of the
forming plate. This attachment has the capacity to produce up to 540 kg/hour [24]. Treatment 4
patties were formed using a cut-off attachment (Robert Reiser & Co., Canton, MA, USA).
Ground beef is fed through a 10.16 cm circular insert and is portioned using a guillotine cut-off
knife [25]. Formed patties from each batch and treatment passed under a flattening conveyor
(FBC721, VEMAG, Verden, Germany) to achieve a target height of 1.6 cm and a target width of
10.1cm. After forming patties were crust-frozen in a blast freezer (QF080877 FBSM,
Amerikooler, Hialeah, FL, USA) at -10 °C for two hours prior to individually packaging using a
125-micron forming film (T7050B, Sealed Air Corporation, Charlotte, NC, USA) and a 75-
micron high barrier non-forming film (T7230B, Sealed Air Corporation, Charlotte, NC, USA). A
total of 1,342 patties were packaged on a thermoforming vacuum packaging machine (RE20,
Repak, Emmen, Netherlands). Packaged patties were stored in a blast freezer (Model LHE6950,
Larkin, Stone Mountain, GA, USA) at -22 °C (£ 2.1 °C) until laboratory analysis could be
completed.
2.2 pH Value and Proximate Analysis

Beef patties (n = 10/treatment) were allocated after manufacturing for analysis of pH and
proximate composition. Raw ground beef (2 g) was homogenized (Kinematica CH-6010,
Brinkmann Instruments, Inc., Westbury, NY, USA) in 20 mL of deionized water inside of a
plastic centrifuge tube for 45 seconds. Homogenized patty pH was measured using a glass probe,
temperature compensating pH meter (Model-HI99163, Hanna Instruments, Woonsocket, R1,
USA) and calibrated using 2-point standard buffers (Thermo Fisher Scientific, Chelmsford, MA,
USA) at 4.0 and 7.0 pH values. Additionally, ground beef (160g) from each treatment was used

to determine proximate analysis (protein, moisture, and fat) with a near-infrared (NIR)
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spectrophotometer (Food ScanTM, FOSS Analytical A/S, Hilleroed, Denmark), and data was
processed using [SIscanTM Software (version 4.8, Hoganéds, Sweden). Relative mean values for

pH and proximate composition are included in Table 2.

2.3 Cooking Method

Prior to cooking, ground beef patties were thawed for 18 hours in a refrigerator (Model
178GDC49HCB, Avantco Refrigeration, Alexandria, VA, USA) at 2.2 °C (£ 1.1 °C). Regardless
of analytical measurement each patty was cooked to an internal temperature of 73.9 °C on a
commercial cooking griddle (Model HEG36E-1, Vulcan, Baltimore, MD, USA) preheated to
176.7 °C. Internal temperature was measured using a digital cooking thermometer (Therma K-
Plus, American Fork, UT, USA) in the geometric center of each patty. Patties were turned every
2 minutes, to minimize crust formation and cooking location of patties was rotated to minimize
cooking variation [8].
2.4 Cooking Loss, Cooking Time and Shrinkage

Patties used for recording cooking loss (n=20 /batch/treatment) were weighed prior to
cooking on an analytical scale (Model PB3002-S, Mettler Toledo, Columbus, OH, USA). After
cooking the patties to an internal temperature of 73.9 °C, patties were cooled to room
temperature and reweighed to record final cooked weight. Cooking loss percentage was
calculated using the following formula: [(raw weight — cooked weight) + raw weight x 100%].
Ground beef patties (n = 20/batch/treatment) for measuring cook time were removed from their
packages after thawing. Time required to reach an internal temperature of 73.9 °C was recorded

for each patty.
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Patties (n = 20/batch/treatment) for measuring cook shrink were removed from their
individual packages and two raw diameter measurements from each patty were recorded using
calipers (Empire 2789, Empire Level, Mukwonago, WI, USA) prior to cooking. After cooking
the patties to an internal temperature of 73.9 °C, patties were cooled to room temperature and
remeasured for cooked diameter using calipers. Raw diameter and cooked diameter
measurements were averaged for each patty. Cook shrink percentage was calculated using the
following equation: [(average raw diameter — average cooked diameter) + average raw diameter
x 100%].

2.5 Objective Texture and Tenderness

Texture profile analysis (TPA) was performed on each patty (n = 20/batch/treatment)
using a texture analyzer (Model TA-XTplus100C, Texture Technologies Corp., South Hamilton,
MA, USA) and a 294.2 N load cell. From each patty 1x1 cm? samples were cut and underwent a
two-cycle compression test. A 50 mm diameter cylindrical probe (TA-25A) was used to
compress patty samples to 60% of their initial height at a speed of 6.00 cm/min. Texture profile
parameter values were collected for hardness(kg), the peak force of the first compression;
cohesiveness, the behavior of a product under the second compression cycle compared to the
first compression cycle; springiness, the ability of a product to return to its original height
following the first compression; chewiness (kg % cm), the work necessary for mastication of the
product (hardness % cohesiveness X springiness); and resilience, the recovery of the product
following deformation relative to the speed and force endured during the first compression cycle,
according to previously described procedures [26]. Shear force was measured on 6x9 cm?
samples with a 5-blade Allo-Kramer attachment (AKSF), a speed of 3mm/s, and a load cell of

294.2 N. Maximum peak force was recorded during analysis in Newtons (N) of force.
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2.6 Instrumental Cooked Color

Internal cooked color of cooled room temperature patties (n = 20/batch/treatment) was
evaluated using a HunterLab MiniScan EZ colorimeter (Model 45/0 LAV, Hunter Associates
Laboratory Inc., Reston, WV, USA). Calibration of the colorimeter was performed according to
the manufacturer’s guidelines using a black and white tile supplied by the manufacturer. Cooked
patties were sliced horizontally through the center of the patty. Three internal cooked color scans
were taken to measure the objective lightness (L*), redness (a*), and yellowness (b*) of each
patty using illuminant A. Relative values for hue angle were calculated using the equation: tan™!
(b*/a*) [27], hue angle values indicate a shift from red to yellow. Relative values for chroma
were calculated using the equation: \ (a*? + b*?) [27], larger chroma values are indicative of a
more vivid color. RTB (red to brown) values were calculated using a ratio of the reflectance
values of 630 nm: 580 nm, values indicate a change from red to brown. Instrumental internal
cooked color values were measured according to AMSA color guidelines.
2.7 Consumer Testing for Ground Beef Patties

Exempt use of human panelists was approved for this consumer sensory panel by the
Auburn University Institutional Review Board (Exempt Protocol Number #STUDY00000126).
Following approval, faculty, staff, and students from the Auburn University that were 18 years or
older and consume ground beef at least 3 to 4 times per month were recruited to participate in
this consumer sensory panel. Consumer panelists (n= 93) evaluated samples of ground beef
patties produced using four different forming methods. RedJade software (version 6.1, Pleasant
Hill, CA, USA) was used to determine the serving order of patties and assign each treatment of
patties a random 3-digit code. Ground beef patties (n= 8 /batch/treatment) were cooked to an

internal temperature of 73.9 °C and cut into wedge shaped samples (n = 4/patty). Panelists
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evaluated the cooked samples in isolated sensory booths under red colored lighting to mask color
variations between samples and reduce biases associated with color perception. Unsalted saltine
crackers (Nabisco, Mondelez Global LLC, East Hanover, NJ, USA) and room temperature water
were provided to the panelists for palate cleansing between each sample. Overall liking and
specific organoleptic properties (texture, aroma, appearance, flavor, juiciness, tenderness, beef
flavor intensity, and perceived fattiness/leanness) were evaluated by consumer panelists on a 9-
point hedonic scale (Overall liking, texture, aroma, appearance, flavor:1 = dislike extremely; 5 =
neither like nor dislike; 9 = like extremely. Juiciness: 1 = extremely dry; 5 = neither dry nor
juicy; 9 = extremely juicy. Tenderness: 1 = extremely tough; 5 = neither tough nor tender; 9 =
extremely tender. Beef flavor intensity: 1 = none; 5 = neither bland nor intense; 9 = extremely
intense. Perceived fattiness/leanness: 1 = extremely lean; 5 = neither lean nor fatty; 9 =
extremely fatty). After the sample evaluation, panelists were asked to respond to a series of
demographic questions, the results of which can be found in Table 3.
2.8 Electronic Nose

Cooked patties (n = 1/batch/treatment) were analyzed using an electronic nose (Heracles
Neo e-nose, Alpha MOS, Toulouse, France), equipped with an autosampler, to identify volatile
compounds. A sample of 2 g of each cooked patty was weighed and placed into 20 mL e-nose
vials under a laboratory fume hood. Volatiles for head space analysis were generated in the
autosampler incubator by agitating the vials for 20 minutes at a temperature of 50.0 °C and a
speed of 500 rpm. Following incubation, 5000 mL of head space gas from the vials was removed
and the autosampler injector inserted the gas into the trap at 125 m/s where it was held at 40.0 °C
for 50s. Hydrogen gas flowed through the non-polar (MXT-5) and polar (MXT-1701) capillary

columns for chromatographic analysis at a rate of 1 mL/min. This was facilitated by a dual-flame
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ionization detector (FID1 and FID2) operating in parallel. Each column had a length of 10 m and
a diameter of 180 mm. The column temperature program began at 40.0 °C and gradually
increased to 250.0 °C in 1.0 °C increments, following previously described methods [28].
Volatile compounds were identified through a series of steps using the data collected from the
electronic nose. Compounds with relevance indices below the desired threshold of 80 were
removed from the data set. Retention time was used to identify each peak. Data presented in
literature was utilized to aid in designating one volatile to each peak. Volatile compounds
identified in each treatment were assigned to chemical compound groups using the PubChem
database. Sensory descriptors for the identified volatiles assigned to compound groups were
retrieved from the AlphaSoft (version 7.2.8, Toulouse, France) Software Library.
2.9 Statistical Analysis

Data was analyzed on SAS® (SAS Institute Inc., Cary, NC, USA) using the GLIMMIX
model procedure as a randomized complete block design. Treatment was the fixed effect, and
batch was the random effect. Least squares means were calculated for all independent variables.
Pairwise t-tests were used to differentiate least squares means when significant p-values (p <
0.05) were observed.
3. Results
3.1. Cooking Loss, Cooking Time and Shrinkage

Cooking loss can be described as the change in product weight which occurs through the
loss of water, fat, and protein [29]. Results of calculations for cooking losses of beef patties are
presented in Table 4. Throughout literature it is well discussed that factors including cooking
method, fat content, and non-beef ingredients can alter cooking loss [30-32]. Previous research

evaluating ground beef patties with varying fat percentages, cooked to two different endpoint
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temperatures, reported that with increases in endpoint temperature and fat percentage, cooking
loss increased [18]. In contrast to the previously described study, fat percentages in the current
study and endpoint cooking temperature remained consistent among the forming treatments.
Results from the current study conclude that forming method (treatment) did not alter (p = 0.81)
cooking loss of the ground beef patties. It is plausible that the lack of changes to cooking loss
among the treatments are attributed to the uniformity of raw materials, consistent cooking
method, and the absence of non-beef ingredients, within the forming treatments. It is likely that
the muscle fiber integrity was altered by forming method due to the mechanical forces applied to
the product by each attachment. Previous research evaluating varying amounts of non-intact
cells, through inclusion percentages of meat batter within ground beef patties, concluded that the
meat batter alters some characteristics however, similar to the current study, there were no
significant interactions observed for cooking loss [33].

In the current study there was an effect for treatment (p < 0.0001) on cooking time (Table
4). Treatment 4 required the greatest amount of time (611.49s) for the patties to reach an internal
temperature of 73.9 °C while treatments 2 and 3 required the least amount of time (468.30s and
471.79s, respectively). Differences within individual patty such as weight, thickness, cooking
method and fat percentage can contribute to variations in cooking time [15, 18, 34]. Previous
literature investigating these differences in characteristics of patties formed using different filling
methods suggests that a filling method using a decreased machine pressure produces a patty with
less compaction and structure allowing cooking surface heat to more quickly and easily penetrate
the patty [35]. Prior research evaluating varying fat percentages in ground beef patties reported
that greater fat percentages can lead to decreased cooking times, though the decrease in cook

time of beef patties with fat levels between 10 and 25% were not significant [18]. Differences in
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cooking time among treatments may be attributed to structural compaction variations resulting
from the forming methods used. It is unlikely that fat percentage of the ground beef patties
altered cooking time in the current study as fat percentages ranged from 17.62 and 20.65%
(Table 2).

Beef patty shrinkage as a result of cooking is a growing topic of concern throughout the
meat industry in the U.S. Ground beef patties that shrink result in less coverage of a standardized
patty bun which may lead to decreased consumer satisfaction. Differences in the percentage of
cooking shrink among the patties are presented in Table 4. There was an effect of forming
treatment on the percentage of cooked shrink for the ground beef patties (p < 0.0001). Cooked
patties from treatments 1 and 3 had the greatest cooked percent shrinkage (> 21%) whereas,
treatment 4 recorded the least cooked shrinkage (14.32%). Previous research investigating the
effects of cooking on ground beef patty characteristics has reported that as internal patty
temperature increases, percent shrink of the patty also increases [14, 28]. Ground meat products,
such as beef patties, tend to have greater shrinkage due to a greater composition of whole pieces
of muscle fiber present within the meat compared to an emulsified product, such as a sausage,
where a greater percentage of protein is extracted during the chopping process [36]. It is
plausible that the forming treatment altered the percentage of cooked patty shrink as a result of
protein extraction due to the mechanisms of the forming machines.

3.2 Objective Texture and Tenderness

Texture profile analysis (TPA) was conducted on the ground beef patties to obtain
objective values for textural parameters (Table 5). Ground beef patties from treatment 1 were
objectively harder (p = 0.0002) compared to patties formed using any other method. There were

no differences (p = 0.9044) among forming methods for springiness of ground beef patties. In
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addition, greater (p < 0.0001) cohesiveness, chewiness, and resilience values of ground beef
patties formed using treatment 1 were observed. Previous research highlights the inverse
relationship between TPA values and the acceptability of a sample [37].Previous research
examining the effect of processing on characteristics of ground beef patties concluded that larger
grinding plates and larger particle size of the ground meat resulted in increased hardness and
springiness [38]. In addition, studies examining fat percentages of ground beef patties concluded
that as fat percentage decreases, hardness and cohesiveness increase [18, 36]. It is well known
that the percentage of fat within ground meat provides a lubrication effect on objective measures
of ground meat patties.

Allo-Kramer shear force (AKSF) was conducted to measure the objective tenderness of
the cooked ground beef patties. Greater AKSF values are associated with greater product
toughness. Previous research examining the effects of mechanical processing on ground beef
patty quality concluded that smaller particle sizes and smaller grinder plate sizes used for
processing result in a reduction in objective tenderness [35, 38]. Other factors including fat
percentage and endpoint cooking temperature have also affected objective tenderness. A decline
in the percentage of fat and greater endpoint cooking temperatures will increase shear force
values [18, 30, 35, 38]. There was an effect of treatment (p < 0.0001) on the objective tenderness
of the patties for all four treatments. Treatment 4 had significantly decreased AKSF values (p <
0.0001) compared to all other treatments, each of which also differed significantly in value.
Differences in AKSF values are presented in Table 5. Consumer panelists’ ratings for tenderness
indicated that treatment 2 was noticeably more tender compared to all other treatments which did
not differ significantly. Previous literature investigated the effect of patty formation pressure on

break force [38]. Results conclude that ground beef patties with a 24% fat content manufactured
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using decreased amounts of pressure required a significantly less break force when analyzed
using AKSF [38]. Thus, it is plausible that the pressure conditions during formation of patties
from each treatment alters the objective tenderness of the patties with decreased shear force
values being correlated to decreased kg of pressure during formation.
3.3 Instrumental Cooked Color

Results from the current study indicate that patties formed using treatment 4 were darker
(p <0.0047) than patties from all other treatments (Table 6). Previous literature identifies a
relationship between smaller particle sizes of meat and decreased lightness (L*) values [38]. As
previously stated, it is possible that treatment 4 experienced greater amounts of protein extraction
during formation which would result in smaller meat particle sizes and thus decreased L* values.
There was an effect of treatment (p < 0.0127) on the hue angle with treatment 1 resulting in
greater hue angle values compared to all other treatments. A study examining the color of ground
beef patties with varying fat percentages, cooked to two different endpoint temperatures,
determined that a* and b* are not altered by fat percentage. However, lower fat patties and
greater internal end point temperatures resulted in decreased L* values [18]. Another study
investigated the variability in color of beef patties under controlled cooking conditions [39]. This
study concluded that cooking time, cooking temperature, and internal temperature variations
alter color properties of beef patties [39]. In the current study, internal endpoint temperature and
fat percentage were consistent across treatments. No significant differences in redness (a*),
yellowness (b*), chroma, or RTB were observed amongst the treatments in the current study.
Values for L*, a*, b*, chroma, hue angle, and RTB are presented in Table 5. Current results
indicate that the forming method used to produce ground beef patties has a minimal effect on the

internal cooked color of the products.
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3.4 Consumer Sensory Panel

Consumer panelists assigned hedonic and intensity ratings to the sensory attributes of
ground beef patties formed using different machines (Table 7). No significant difference (p >
0.0594) was observed for the overall liking, attribute liking (appearance, aroma, flavor, texture),
perceived juiciness, beef flavor intensity, or perceived fattiness/leanness across the four
treatments. Although there was no significant difference (p = 0.0594) detected amongst the
treatments for juiciness, treatment 2 received the greatest mean juiciness score followed by
treatment 4. There was an effect of treatment (p < 0.0020) on tenderness identified by
consumers. Treatment 1 was ranked significantly tougher by panelists compared to all other
treatments. Interestingly, although the results were not significant numerically, consumers did
perceive a difference in the perceived fattiness/leanness between the patties. This perceived
difference supports the hypothesis that forming methods can alter the organoleptic properties of
ground beef patties considering all raw materials and processes leading up to the physical
formation of the patty were identical. Previous literature highlights that mechanical forces,
specifically during the grinding process, can affect meat quality [20]. Considering grinding
procedures were consistent amongst the treatments; it is plausible that the minimal detectable
differences in the sensory attributes of the patties are due to varying mechanical forces acting on
the meat during formation of the patty.
3.5 Electronic Nose

Volatile compounds identified for each treatment were categorized into chemical groups.
Chemical group comparisons among ground beef patties formed using different forming
attachments can be found in Figure 1. Volatile compounds that are released during cooking

influence consumer acceptability of meat [40]. Development of meat aroma during cooking
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occurs as a result of the Maillard reaction, lipid oxidation, thiamine degradation and the
interactions of their products [11]. Ketone, alcohol, aldehyde, and sulfide volatiles are produced
by the Maillard reaction in meat [41]. A previous study investigating the key aroma-active
compounds in beef tallow retrieved from various locations on the carcass found differences in
the abundance of ketones and acids — which can also result from lipid oxidation — across the
treatments in the current study [42]. Acids have a low odor threshold and contribute to rancidity
and other negatively perceived odors whereas ketones produce specific and pleasant odors [42].
This study also discussed hydrocarbons noting that they also result from the breakdown of lipids
and that their high odor thresholds contributes minimally to flavor [42]. In the current study,
ketones and hydrocarbons were identified in all treatments whereas acids were identified in
treatments 2, 3 and 4. Results from the consumer panel in the current study found no significant
differences in aroma or flavor liking (Table 7) amongst the treatments. Therefore, although there
are differences in the presence of volatile compound groups between the treatments, these
differences did not alter consumer liking of flavor or aroma. A different study investigated the
effects of desalting and various cooking methods on the formation of volatile compounds in
chicken breast meat. This study determined that cooking temperature altered the Maillard
derived volatiles that were generated and cooking time altered lipid derived volatiles generated
during cooking [43]. In the current study, cooking temperature remained consistent across all
treatments and alcohol, aldehyde, ketone and sulfide volatiles, which are produced by the
Maillard reaction, were identified in all treatments.
4. Conclusions

Understanding the impact forming machines have on ground beef patty characteristics is

necessary when the ground meat industry remains extremely popular for consumers in the United
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States. Machinery used in forming ground beef patties does alter organoleptic and meat quality
attributes as evident in the results presented. Based on the current results the selection of
equipment to use in value added opportunities such as beef patty forming is vital for maintaining
meat characteristic consistency. Specifically, each forming machine produces beef patties with
variation in quality and sensory attributes. Beef patty manufacturers should consider the specific
needs of their operation and identify the most important meat attributes to achieve consumer

acceptability.
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Table 1. Assignment of treatment and equipment specifications for patty forming attachments.

Equipment
Treatment! 1 2 3 4
Forming Set: Nozzle: Set: 10.16cm Insert: 63.5mm
Description N01046.06.001 70mm Round Round
Double screw 66C SS WO WELIPC agexasess
Operational Settings
Infeed Continuous 1.1 Contllnluous Pulsing 1.1 Pulsing 1.1
Pause Single Portions Continuous 1500ms 300ms
Speed 125 rpm 54.4 rpm 125 rpm 83.3 rpm
Target Weight 118¢g 118¢g 118¢g 118¢g
Program Weight 765¢g 104¢g 108g 107¢g
Clip 90ms 50ms* 90ms 120ms
PPM -- 102 29.2 81.9

Treatments defined as: 1 = DIM VF06 forming attachment manufactured by DJIM Food
Processing; 2 = VEMAG FM250 forming attachment manufactured by VEMAG; 3 = MPF818
forming attachment manufactured by VEMAG; 4 = Cutoff attachment manufactured by

VEMAG:; * Knife speed in milliseconds
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Table 2. Relative mean values for pH and proximate analysis of beef patties.

Treatment! 1 2 3 4
pH 6.04 5.99 6.00 6.01
Moisture (%) 69.79 66.20 63.88 66.98
Protein (%) 19.89 20.86 22.16 21.55
Fat (%) 17.62 20.14 20.65 18.58

Treatment defined as: 1 = DIM VF06 forming attachment manufactured by DIM Food
Processing; 2 = VEMAG FM250 forming attachment manufactured by VEMAG; 3 = MPF§18
forming attachment manufactured by VEMAG; 4 = Cutoff attachment manufactured by
VEMAG
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Table 3. Consumer sensory panel demographic frequencies.

Respondents Percentage

Sex
Male 47 50.54 %
Female 46 49.46 %

Age
18 to 20 years 4 4.30 %
21 to 29 years 56 60.22 %
30 to 39 years 20 21.50 %
40 to 49 years 10 10.72 %
50 to 59 years 1 1.08 %
60 to 69 years 2 2.15%

Highest level of education achieved

High School Diploma / GED 7 7.53 %
2-year college degree 1 1.08 %
4-year college degree 40 43.01 %
Graduate degree (Master’s, Doctorate, 45 48.39 %

etc.)

Ethnicity
Caucasian 43 46.24 %
Latino / Hispanic 25 26.88 %
Asian or Pacific Islander 13 13.98 %
African American 12 12.90 %
Income
Less than USD 30,000 64 68.82 %
USD 30,000 to USD 49,999 9 9.68 %
USD 50,000 to USD 79,999 12 12.90 %
Greater than USD 80,000 8 8.60 %
Consumes Beef Patties
Once a day or more 2 2.15%
More than 3 times per week 10 10.75 %
2 to 3 times per week 24 25.81 %
Once a week 23 24.73 %
2 to 3 times per month 26 27.96 %
Once a month 5 5.38%
Less than once a month 3 3.23%
Purchasing Beef Patties

Once a week 15 16.13 %
Once every 2 or 3 weeks 42 45.16 %
Once a month 21 22.58 %
Once every 2 or 3 months 12 12.90 %
Once every 4 to 6 months 1 1.08 %
Less than once a year 2 2.15%
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Table 4. Objective measurements of beef patties produced using different forming attachments.

Treatment!
1 2 3 4 SEM* p-value
Cook Loss (%)? 4191 42.19 42.19 41.80 0.3801 0.8116
Cook Time (s)’ 559.63° 468.30° 471.79¢ 611.492 8.400 <0.0001
Cook Shrink (%)* 22.232 18.31° 21.252 14.32°¢ 0.5691 <0.0001

!Treatment defined as: 1 = DJM VF06 forming attachment manufactured by DJM Food Processing; 2 =
VEMAG FM250 forming attachment manufactured by VEMAG; 3 = MPF§18 forming attachment
manufactured by VEMAG; 4 = Cutoff attachment manufactured by VEMAG. >Cook loss is expressed as a
percentage (%).>Cook time is reported in seconds (Cook Time (s)). *Cook shrink is expressed as a
percentage (%).*“Mean values within a row lacking common superscripts differ (p < 0.05). *SEM, standard

error of the mean.
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Table 5. Objective texture measurement of beef patties produced using different forming attachments.

Treatment!
1 2 3 4 SEM* p-value
Hardness (kg)! 2.63? 2.33b 2.22° 2.16° 0.079 0.0002
Springiness? 0.73 0.74 0.74 0.74 0.007 0.9044
Cohesiveness? 0.48? 0.42° 0.46° 0.43° 0.005 <0.0001
Chewiness* 0.94? 0.74° 0.76° 0.70° 0.031 <0.0001
Resilience’ 0.19° 0.16¢ 0.17° 0.17° 0.002 <0.0001
AKSF (N)® 286.50° 148.744 214.59¢ 225.26° 3.659 <0.0001

!Treatment defined as: 1 = DJM VF06 forming attachment manufactured by DJM Food Processing; 2 =
VEMAG FM250 forming attachment manufactured by VEMAG; 3 = MPF818 forming attachment
manufactured by VEMAG; 4 = Cutoff attachment manufactured by VEMAG. 'Hardness values represent
the maximum force exerted during the first compression cycle. 2Springiness values are a ratio of the time
duration of the second compression to that of the first compression (duration 2/duration 1). *Cohesiveness
Values are a ratio of the positive force area during the second compression to that during the first
compression (area 2/area 1). “Chewiness values = hardness x cohesiveness x springiness. *Resilience values
are a ratio of the first cycle decompression area to the first cycle compression area (area 1b/area 1a). SAllo-
Kramer Shear force is reported in Newtons (N). *®Mean values within a row lacking common superscripts
differ (p < 0.05). *SEM, standard error of the mean.
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Table 6. Effect of forming on instrumental cooked color of beef patties.

Treatment!
1 2 3 4 SEM* p Value
L*?2 53.852 54.272 53.96° 52.51° 0.3708 0.0047
a* 3 16.14 16.84 16.60 16.34 0.3644 0.5408
p* 4 20.08 19.61 19.16 19.41 0.2303 0.0153
Hue Angle * 51.382 49.79° 49.53b 50.08° 0.4272 0.0127
Chroma ¢ 25.80 25.92 25.40 25.41 0.3831 0.6570
RTB’ 1.78 1.90 1.86 1.81 0.05464 0.4386

ITreatments defined as: 1 = DJM VF06 forming attachment manufactured by DJM Food Processing; 2
= VEMAG FM250 forming attachment manufactured by VEMAG; 3 = MPF818 forming attachment
manufactured by VEMAG; 4 = Cutoff attachment manufactured by VEMAG. Treatment: L*
(lightness) values are a measure of darkness to lightness, larger values indicate a lighter color (0 =
black, 100 = white). *a* (redness) values are a measure of redness, larger values indicate a redder color
(-60 = green, +60 = red). *b* (yellowness) values, larger values indicate a yellower color (-60 = blue,
+60 = yellow). >Hue angle values represent the change from the true red axis; larger values indicate a
greater shift from red to yellow. ®Chroma is a measure of the total color; larger values indicate more
total color. 'RTB (Red to Brown) is a ratio of 630 nm:580 nm that represents a change in color from red
to brown, larger values indicate a redder color. *°Mean values within a row lacking common
superscripts differ (p < 0.05). *SEM, standard error of the mean.
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Table 7. Consumer panelist ratings of ground beef patties produced using different forming attachments.

Treatment!
Sensory Anchor? 1 2 3 4 SEM* p-value
Overall Liking 6.42 6.52 6.28 6.72 0.180 0.2573
Appearance 6.90 6.83 6.63 6.96 0.171 0.2373
Aroma 6.90 6.93 6.93 7.08 0.146 0.6627
Flavor 6.56 6.55 6.40 6.48 0.186 0.8857
Texture 6.30 6.33 6.23 6.54 0.210 0.6676
Juiciness 6.09 6.65 6.34 6.53 0.176 0.0594
Tenderness 5.79b 6.642 6.382 6.322 0.179 0.0020
Beef Flavor Intensity 5.93 5.87 5.86 6.13 0.182 0.5320
Perceived Fattiness/Leanness 5.45 5.87 5.97 5.82 0.173 0.0999

!Treatment defined as: 1 = DIM VF06 forming attachment manufactured by DJM Food Processing; 2 =
VEMAG FM250 forming attachment manufactured by VEMAG; 3 = MPF818 forming attachment
manufactured by VEMAG; 4 = Cutoff attachment manufactured by VEMAG. 2Sensory anchors:
Consumer panelists evaluated each sensory anchor using a 9-point hedonic scale (1= dislike extremely, 9=
like extremely). **Mean values within a row lacking common superscripts differ (p < 0.05). *SEM,
standard error of the mean.
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Figure 1. Chemical group comparisons among ground beef patties formed
using different forming attachments
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Abstract:

Consumer acceptability of ground beef patties are often influenced by texture, tenderness
and flavor. Bowl chopping may be considered instead of grinding prior to patty manufacturing.
Objectives of the current study aimed to evaluate bowl chopping or grinding on key quality
attributes of ground beef patties. Beef trimmings (14.97 kg/rep/treatment) were allocated to one
of two treatments bowl chopping or grinding. Ground beef was formed into 226.8¢g patties (n =
372/treatment) using a mechanical patty former. Beef patties (n = 15/batch/treatment) were
randomly allocated for cooking loss, cooking time, cook shrink, internal cooked color, texture
profile analysis (TPA), Allo-Kramer shear force (AKSF), and sensory taste panel. Objective
values for hardness and chewiness values were greater (p < 0.0078) for patties formed after bowl
chopping compared to patties formed after grinding. Bowl chopping altered cook time (p =
0.0210) and cooked patty shrinkage (p < 0.0001), though it did not alter cook loss (p = 0.7400).
Consumer panel results for overall liking (p=0.0199) and perceived fattiness or leanness (p =
0.0034) was also altered by bowl chopping. Identifying the influence of grinding or bowl
chopping on the organoleptic and physiochemical properties of ground beef patties is important

for determining consumer acceptance and informing processing decisions in industry.

Keywords: Allo-Kramer shear force; cooked color; ground beef patty; sensory panel; texture

profile analysis
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1. Introduction

It is well known throughout the meat industry and literature that ground beef is the most
popular beef product sold to consumers in the United States. In 2024, ground beef comprised
nearly half of all beef retail sales in terms of total volume and just over a third of total sales in
terms of value [1]. Ground beef is also the most affordable beef cut offered with its average
value between January and July of 2025 being $5.87 per pound [2]. Not only is it affordable, but
beef is a high quality, nutrient dense, protein [3]. Individuals who consume ground beef have a
greater intake of energy, essential minerals, and B vitamins [4]. Over 50 % of consumers in 2024
reported eating ground beef in the form of a patty at least once per week, a slight increase
compared to trends in the two years previous [1]. With ground beef being a staple in the
American diet, it is important to understand the factors that affect the overall acceptance of
ground beef for consumers.

Flavor, texture, and tenderness are important quality characteristics that can dictate the
overall liking of ground beef by consumers [5]. Tenderness can be evaluated using either a
consumer panel or through objective analysis [6]. Meat texture is another important quality
characteristic that can be measured objectively using texture pressure analysis or subjectively
using a consumer sensory panel [6]. Important aspects of texture during oral processing include
first-bite, mastication and after-feeling properties [6]. Cook shrinkage and cooking loss are also
indicators used by consumers to determine the quality of a product. Cooking losses and cooking
shrinkage tend to increase as internal cooked temperature increases [7]. Cooked patty shrink
often occurs in a nonuniform manner and can be attributed to the transverse and longitudinal
shrinkage of muscle fibers that occur during cooking [8]. Cook loss is a combination of fat and

water losses caused by protein denaturation and evaporation that occurs during heating [9].
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Consumers tend to view shrinkage, which is frequently observed when cooking ground beef
patties, as being an indicator of quality, with greater degrees of perceivable shrinkage being
associated with decreased quality [10,11]. Color is another important aspect of not only quality
but also safety of ground beef during consumption. During ground beef production, microbial
contamination present on the surface may be incorporated into the ground product through the
manufacturing process [12]. Thus, making it imperative that consumers cook their ground beef to
a minimum internal temperature of 71.1 °C to eliminate the risk of consuming harmful bacteria
[13]. Oftentimes consumers will use the internal cooked color of the patty to determine its degree
of doneness [14]. However, due to a phenomenon called premature browning, consumers may
believe that their ground beef patties are cooked to a safe minimum internal temperature when
internal temperature has not yet reached 71.1 °C [15].

Several processes are involved in manufacturing preformed ground beef patties.
Manufacturing beef patties can include grinding, mixing, and forming [16]. Bowl choppers, an
alternative to grinders, can also be used in ground beef patty production for mincing and mixing
raw material simultaneously [17]. Sensory panel scores from previous research indicated that
consumers preferred patties that were produced with bowl chopping being used as the initial
method of particle reduction [18]. The objective of this study is to investigate the effects of
utilizing traditional grinding versus bowl chopping, as the sole method of particle size reduction,
on the organoleptic properties of preformed ground beef patties.

2. Materials and Methods
2.1 Raw Materials
Beef chuck rolls (N = 18) were purchased from a commercial meat distributor (Capital

Farms, Wickenburg, AZ, USA) and transported using commercial refrigerated logistics to the
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Lambert-Powell Meat Laboratory (Auburn, AL, USA) within 5 days of harvest. Chuck rolls were
randomly allocated to one of two treatments (six batches/treatment), 14.97 kg per batch. Beef
trimmings for the grinder treatment were ground once through a 9.525 mm plate (SPECO 400,
Shiller Park, IL, USA), then once through a 3.18 mm plate (SPECO 400, Shiller Park, IL, USA)
using a commercial meat grinder (Model AFMG-48, The Biro Manufacturing Company,
Marblehead, OH, USA). Beef trimmings allocated to the bowl chopper treatment were chopped
in a commercial bowl chopper (AS30, Koch Equipment LLC, Kansas City, MO, USA) with a
three-knife set-up for 35 seconds and a knife speed of 3000 RPM. Ground beef was formed into
226.8 g patties using an automated patty forming machine (Super 54, Hollymatic Corporation,
Countryside, IL, USA). Formed patties were crust-frozen at -22.2 °C for 30 minutes prior to
vacuum packaging in individually labeled bags using 25.40 cm % 20.32 cm (I X w) 3 Mil vacuum
pouches (Clarity Vacuum Pouches 75001828, Bunzl Processor Division, Riverside, MO, USA).
2.2 pH and Proximate Analysis

Beef patties (n = 12/treatment) were allocated for analysis of pH and proximate
composition. Raw ground beef (2 g) was homogenized (Kinematica CH-6010, Brinkmann
Instruments, Inc., Westbury, NY, USA) in 20 mL of deionized water in a plastic centrifuge tube
for 45 seconds. Homogenized patty pH was measured using a temperature compensating, glass-
tipped pH meter (Model-HI99163, Hanna Instruments, Woonsocket, RI, USA) that was
calibrated using 2-point standard buffers (Thermo-Fisher Scientific, Chelmsford, MA, USA) at
pH values of 4.0 and 7.0. Proximate analysis was completed on each patty (160 g) within each
treatment with a near-infrared (NIR) spectrophotometer (Food ScanTM, FOSS Analytical A/S,
Hilleroed, Denmark), and data processed using ISIscan™ Software (version 4.8, Hoganis,

Sweden). Values for pH and proximate analysis are included in Table 1.
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2.3 Cooking Method

Prior to cooking, patties were thawed in a refrigerator (Model 178GDC49HCB, Avantco
Refrigeration, Alexandria, VA, USA) for 18 hours at 2.2 °C (£ 1.1 °C). Patties (n =
15/batch/treatment) for analysis of cooking loss, cooking shrinkage, internal cooked color, TPA
and AKSF were cooked to an internal temperature of 71.1 °C in a commercial oven (Model
VC3ED, Vulcan, Baltimore, MD, USA) that was preheated to 176.7 °C. Ground beef patties (n =
S/batch/treatment) for consumer sensory analysis were cooked in a commercial oven (HEC5D,
Hobart, Troy, OH, USA) that was preheated to 176.7 °C, to an internal temperature of 71.1 °C.
Internal temperature was measured using a digital cooking thermometer (Thermapen® ONE,
ThermoWorks, UT, USA). Procedures for oven cooking patties and monitoring the internal
temperature, as described by the American Meat Science Association Meat Cookery Guidelines,
were adhered to [19]. Position of patties in the oven from each batch and treatment were rotated
to minimize cooking variation.
2.4 Cooking Loss, Cooking Time and Shrinkage

Thawed patties (n = 15/batch/treatment) for measuring cooking loss were removed from
their packages and weighed on an analytical scale (Model PB3002-S, Mettler Toledo, Columbus,
OH, USA). After cooking the patties to an internal temperature of 71.1 °C, patties were cooled to
room temperature and reweighed on the analytical scale for recording final cooked weight.
Cooking loss percentage was calculated using the following formula: [(raw weight — cooked
weight) + raw weight X 100%].

To determine cooking time, thawed patties (n = 15/batch/treatment) were removed from
their individual packages after thawing, blotted dry with a paper towel, and cooked. Cooking

time was recorded in seconds for each patty to reach an internal temperature of 71.1 °C.
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Patties (n = 15/batch/treatment) used for recording cook shrink were removed from their
individual packages after thawing and placed on filter paper (28320-121, VWR, Radnor, PA,
USA) for 20 seconds to generate an outline of each raw patty. Cooked patties were removed
from the grill and immediately placed onto a second piece of filter paper (28320-187, VWR,
Radnor, PA, USA) and allowed to cool to room temperature to generate an outline of each
cooked patty. Outline of the raw and cooked patties were traced using a digital planimeter
(Placom KP-90N, Lasico, Los Angeles, CA, USA) to determine the surface area of the patty.
Raw and cooked surface area measurements were averaged for each patty. Cooking shrink
percentage for each patty was calculated using the following equation: [(average raw surface
area — average cooked surface area) + average raw surface area x 100%].

2.5 Internal Cooked Color

Internal cooked color of cooled room temperature patties (n = 15/batch/treatment) was
evaluated using a HunterLab MiniScan EZ colorimeter (Model 45/0 LAV, Hunter Associates
Laboratory Inc., Reston, WV, USA). Calibration of the colorimeter was performed according to
the manufacturer’s guidelines using a black and white tile. Cooked patties were sliced
horizontally through the geometric center. Internal cooked color readings were measured using a
31.8 mm aperture for objective lightness (L*), redness (a*), and yellowness (b*) using illuminant
A. Relative values for hue angle and chroma were calculated using the following equations: tan-
1 (b*/a*) or \ (a*2 + b*2) [20]. RTB (red to brown) values were calculated using a ratio of the
reflectance values of 630 nm:580 nm and indicate a shift in cooked color from red to brown.
Instrumental internal cooked color values were measured according to AMSA color guidelines
[19].

2.5 Objective Texture and Tenderness
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Texture profile analysis (TPA) was performed on each patty (n = 15/batch/treatment)
using a texture analyzer (Model TA-XTplus100C, Texture Technologies Corp., South Hamilton,
MA, USA) and a 294.2 N load cell. Cooked patties were cut into 1x1 cm? samples from each
patty and subjected to a two-cycle compression test. Samples were compressed to 60% of their
initial height at a speed of 6.00 cm/min using a 50mm diameter cylindrical probe (TA-25A).
Texture profile values were measured for hardness(kg), cohesiveness, springiness, chewiness (kg
x cm), and resilience, according to previously described procedures [21].

Shear force was measured using a 5-blade Allo-Kramer attachment (AKSF) attached to a
texture analyzer (Model TA-XTplus100C, Texture Technologies Corp., South Hamilton, MA,
USA). Cooked patties were cut into 6x9 cm? samples. Each sample was sheared once at a speed
of 3mm/s with a load cell 0f490.3 N. Maximum peak force was recorded during analysis in
Newtons (N) of shear force. Objective tenderness of each patty is determined by the shear force
value.

2.6 Consumer Testing for Ground Beef Patties

An exemption of human panelists was approved for use during this consumer panel by
the Auburn University Institutional Review Board (Exempt Protocol Number
#STUDYO00000411). Individuals within the faculty, staff, and student population from Auburn
University, 18 years or older, that consumer ground beef at least 3 to 4 times per month were
recruited to participate in a consumer panel (n = 94). RedJade software (version 6.1, Pleasant
Hill, CA, USA) was used to determine the serving order of the patties and to assign a random 3-
digit code to each treatment. Cooked ground beef patties (n = 5/treatment) were cut into wedge
shaped samples (n = 4/patty) and stored in warmers prior to serving. Panelists evaluated the

cooked samples in isolated sensory booths under red colored lighting to mask color variations
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between samples and reduce biases associated with color perception. Unsalted saltine crackers
(Nabisco, Mondelez Global LLC, East Hanover, NJ, USA) and room temperature water were
provided to the panelists for palate cleansing between each sample. Overall liking and specific
organoleptic properties (texture, aroma, appearance, flavor, juiciness, tenderness, beef flavor
intensity, and perceived fattiness/leanness) were evaluated by consumer panelists on a 9-point
hedonic scale (Overall liking, texture, aroma, appearance, flavor:1 = dislike extremely; 5 =
neither like nor dislike; 9 = like extremely. Juiciness: 1 = extremely dry; 5 = neither dry nor
juicy; 9 = extremely juicy. Tenderness: 1 = extremely tough; 5 = neither tough nor tender; 9 =
extremely tender. Beef flavor intensity: 1 = none; 5 = neither bland nor intense; 9 = extremely
intense. Perceived fattiness/leanness: 1 = extremely lean; 5 = neither lean nor fatty; 9 =
extremely fatty). At the conclusion of sample evaluation, panelists were asked a series of
demographic questions (Table 2).
2.8 Statistical Analysis

Data was analyzed on SAS® (SAS Institute Inc., Cary, NC, USA) using the GLIMMIX
model procedure. Treatment was a fixed effect, while batch was the random effect. Least squares
means were calculated for all variables. Pairwise t-tests were used to differentiate least squares
means when significant p-values (p < 0.05) were observed.
3. Results
3.1. Cooking Loss, Cooking Time, and Cooking Shrinkage

Results in the current study conclude there was no significant effect (p = 0.7400) of either
chopping or grinding on cooking loss of the ground beef patties (Table 3). Mean values for
moisture, fat, and protein provide support for the lack of influence that chopping or grinding had

on the calculated values of cook loss (Table 1). Protein denaturation that occurs during cooking
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of ground meats can alter cooking losses mostly caused by a decline in fat and moisture [10].
Previous research investigated the properties of ground beef patties produced using USDA
choice or USDA Cutter-canner cow meat, and either chopping, grinding, or a mixture of the two,
concluded that patties formed after bowl chopping USDA choice trimmings had greater cooking
loss compared to USDA choice patties formed after grinding [18]. Additionally, there were no
significant differences observed between initial methods for particle reduction when the patties
were produced from USDA cutter-canner cow meat [18]. Previous research examined the
differences between ground beef patties containing varying fat percentages, concluding that
greater percentages of fat cause greater percentages of cook loss [5]. This study also compared
ground beef patties of varying fat percentage to ground beef patty alternatives [5]. It was
reported that ground beef patty ingredient alternatives exhibited decreased percentages of cook
loss compared to ground beef patties containing no added ingredients, regardless of fat
percentage [5].

In the current study, there was a significant effect (p < 0.0001) of either bowl chopping or
grinding on cooking time of ground beef patties (Table 3). Patties formed after bowl chopping
required an additional 17.51 seconds of cooking time to reach the desired internal temperature of
71.1°C compared to patties formed after grinding. Cooking method, fat content, forming method
and patty thickness were consistent for both treatments in the current study. It is plausible that
the observed differences in cooking time were due to changes in the beef patty associated with
either grinding or chopping. Several factors can alter the cooked characteristics which include
thickness, fat content and even cooking method can all influence the cooking time [22,23].
Literature is limited on cooking times for beef patties, but previous research comparing cooking

methods of beef steaks concluded that forced air convection ovens required the longest cooking
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time compared to microwaves and conventional ovens [24]. Additionally, research on the effects
of patty thickness and patty formation method concluded that thicker patties and patties formed
using a traditional gravity fill method requires significantly longer cook times compared to
thinner patties and other forming methods [25].

Beef patties were measured before and again after cooking to record changes in patty
dimensions. Results in the current study for the percentage shrink of patties after cooking can aid
researchers in the understanding of thermal properties on fresh meat (Table 3). In the current
study, patties formed after bowl chopping had a greater (p < 0.0001) percent change in patty
dimension than patties formed after grinding. A previous study examining the effects of using
different mixing methods for buffalo meat patties contradicts the current results, concluding that
mixing method did not significantly affect dimensional shrinkage [26]. Additional research
suggests that beef products made from ground trimmings tend to have greater shrinkage
compared to beef products generated from bowl chopped trimmings, due to a greater
concentration of whole fibers and pieces of muscle fibers being present within the ground meat
[27]. However, because the bowl chopper was not used to emulsify the trimmings in the current
study, but rather to reduce particle size, it is plausible bowl chopper patties exhibited a greater
percent shrink due to a greater amount of intact muscle fibers remaining in the mixture of ground
beef as a result of chopping instead of grinding.

3.4 Instrumental Cooked Color

Objective color values for ground beef patties in the current study are presented in Table
4. There were no significant differences (p = 0.2042) observed in redness, yellowness, hue angle,
chroma, and RTB between the two treatments. Patties produced from trimmings that were bowl

chopped exhibited significantly greater (p < 0.0001) lightness values compared to patties

86



produced from trimmings that were ground. Previous research indicates that as internal
temperature increases, visual changes in meat color can occur due to the denaturation of meat
proteins [28]. In addition to color changes occurring because of cooking, pH and the myoglobin
state of the raw meat can alter cooked color of beef with oxymyoglobin states and decreased pH
values being associated with premature browning [29, 30]. Additionally, it has been investigated
that fat levels in ground beef patties can alter the physiochemical properties [30]. Current results
from this study agree with previous results reporting that greater percentages of fat within beef
patties increased L* values for cooked patties with no significant differences observed in a* or
b* values [31]. Varying percentages of mature bull trimmings in 80/20 ground beef on the
cooked color of the patties concluded that internal cooked color for L* decreased as the
percentage of mature bull trimmings increased [32]. It is plausible that the significant differences
observed in CIE L* values are a result of differences in fat percentage between the two treatment
groups.
3.6 Objective Texture and Tenderness

Texture profile analysis (TPA) was conducted on the ground beef patties to obtain
objective values for textural parameters. Values for the textural parameters from each treatment
are available in Table 4. No significant differences (p = 0.4202) were observed between the
treatments for springiness, cohesiveness and resilience. Hardness and chewiness values for
patties formed after grinding were significantly less (p < 0.0078) compared to patties formed
after bowl chopping. Previous research examined the influence of finely chopped meat added to
minced pork meat in varying percentages [33]. This study concluded that as the percentage of
finely chopped meat increased, hardness increased significantly in cooked samples [33]. In the

current study, meat trimmings were bowl chopped or ground to a fine grind particle size.
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However, because the methods of particle reduction are different, it is plausible that differences
in the particle size of the meat trimmings are contributing to differences in hardness values,
similar to the previously mentioned study. Meat texture is also influenced by cooking time,
temperature, and amount of connective tissue in the meat [34]. Therefore, it is also plausible that
the significantly greater cooking time observed for patties formed after bowl chopping could be
responsible for their significantly greater hardness and chewiness values.

Allo-Kramer shear force (AKSF) was conducted to measure the objective tenderness of
the ground beef patties. Decreased AKSF values are associated with greater product tenderness.
There was a significant effect (p < 0.0066) of treatment on the shear force values observed in the
current study. In a study comparing the effects of chopping versus grinding as the initial particle
reduction method for ground beef patty production, a significant difference between the
treatments was also observed [18]. In contrast with the current results, this study observed
significantly greater shear force values for patties manufactured after grinding and a combination
of chopping and grinding, compared to after bowl chopping. Differences in these results could be
attributed to the use of single-blade shearing device used in the previous study compared to the
five-blade shearing device used in the current study. The previous study also investigated initial
particle reduction method, whereas the current study evaluated bowl chopping or grinding as the
sole particle reduction method. Shear force values can also be altered by cooking method, time,
and temperature. [22,35].

3.7 Consumer Sensory Panel

Consumer panelists assigned hedonic and intensity ratings to the sensory attributes of

ground beef patties manufactured after bowl chopping or grinding. Consumer ratings for overall

liking of meat products are influenced by traits perceived by the consumer’s senses including
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flavor, aroma, texture, tenderness, appearance, and juiciness [36]. Results from consumer
hedonic and intensity ratings of the patties are reported in Table 6. In the current study, no
significant differences (p = 0.0629) were observed for attribute liking (appearance, aroma, flavor,
texture), juiciness, tenderness or beef flavor intensity across the two treatments. Though these
results are not significant, it is worth noting that there are differences in the sensory anchor
means between the two treatments even though they are comprised of the same raw material.
Previous literature highlights that mechanical forces, specifically during the grinding process,
can affect meat quality which could explain the differences in mean sensory anchor scores
between the two treatments [36]. Mean consumer responses for tenderness, though insignificant,
are greater for patties formed after grinding compared to patties formed after bowl chopping.
This data in agreement with the objective tenderness measurements reported above (Table 5)
which indicate that grinding results in a more tender (p = 0.0066) patty compared to bowl
chopping. A previous study investigating various grind sizes compared to bowl chopping
concluded that consumers perceived patties made from ground product as exhibiting more fat-
like flavor attributes [37]. Significant differences in overall liking and perceived
fattiness/leanness were observed in the current study. Grinder patties received significantly
greater (p < 0.0199) overall liking scores compared to bowl chopper patties. In contrast with the
previous study, consumers in the current study perceived patties made from bowl chopped
product as being significantly fattier (p < 0.0034) compared to grinder patties. It is important to
note that in the current study consumers were asked to rate perceived fattiness or leanness
whereas the previous study asked consumers to evaluate fat-like flavor intensity.

4. Conclusions
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Using either grinding or bowl chopping will alter important organoleptic and physicochemical
properties of ground beef patties. Patties manufactured after grinding displayed improved quality
characteristics compared to patties manufactured after bowl chopping. Grinding reduced patty
shrinkage and cooking time. However, objective tenderness was greater for patties formed after
bowl chopping than grinding. Lastly, consumers rated patties made using grinds from a
traditional grinder with greater overall liking compared to patties manufactured after bowl
chopping. Overall, when producing ground beef patties manufacturers should consider utilizing

traditional grinding methods over bowl chopping based on the current results.
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Table 1. Relative mean values for pH and proximate analysis of beef patties.

Treatment
Grinder Bowl Chopper
pH 5.80 5.89
Moisture (%) 64.82 64.77
Protein (%) 19.70 18.28
Fat (%) 21.31 23.33
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Table 2. Consumer sensory panel demographic frequencies.

Respondents Percentage
Sex
Male 42 44.68%
Female 52 55.32%
Age
20 to 29 years 57 60.64%
30 to 39 years 27 28.72%
40 to 49 years 10 10.64%
Highest Level of Education Achieved
High School Diploma / GED 4 4.26%
4-year college degree 30 31.91%
Graduate degree (Master’s, Doctorate, etc.) 60 63.83%
Ethnicity
White or Caucasian 39 41.49%
Latino or Hispanic 27 28.72%
Asian or Pacific Islander 14 14.89%
Black or African American 11 11.70%
Other 1 1.06%
Prefer not to respond 2 2.13%
Income

Less than USD 30,000 68 72.34%
USD 30,000 to USD 49,999 7 7.45%
USD 50,000 to USD 79,999 11 11.70%
Greater than USD 80,000 8 8.51%

Consumes Beef Patties
Once a day or more 1 1.06%
More than 3 times per week 7 7.45%
2 to 3 times per week 21 22.34%
Once a week 29 30.85%
2 to 3 times per month 30 31.91%
Once a month 6 6.38%

Purchasing Beef Patties
Once a week 19 20.21%
Once every 2 to 3 weeks 41 43.62%
Once a month 24 25.53%
Once every 2 to 3 months 18 19.15%
Once or twice a year 1 1.06%
Less than once a year 1 1.06%
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Table 3. Objective measurements of beef patties produced using a grinder or a bowl chopper

Treatment
Grinder Bowl Chopper SEM* p-value
Cook Loss (%)! 26.70 29.73 6.453 0.7400
Cook Time (s)? 1014.35° 1031.86° 7.121 0.0210
Cook Shrink (%)? 35.13° 38.63° 0.596 <.0001

!Cook loss is expressed as a percentage (%).2Cook time is reported in seconds (Cook Time (s)).
3Cook shrink is expressed as a percentage (%). “°Mean values within a row lacking common
superscripts differ (p < 0.05). *SEM, standard error of the mean
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Table 4. Effect of grinding or bowl chopping on the instrumental cooked color of beef
patties.

Treatment

Grinder Bowl Chopper SEM* p-value
L* 55.61° 57.252 0.273 <.0001
a*? 22.08 22.03 0.256 0.8790
b*3 18.77 18.99 0.199 0.2534
Hue Angle* 40.46 40.90 0.248 0.2042
Chroma® 29.00 29.11 0.265 0.7702
RTB?¢ 2.92 2.89 0.051 0.6478

IL* (lightness) values are a measure of darkness to lightness, larger values indicate a
lighter color (0 =black, 100 = white). 2a* (redness) values are a measure of redness, larger
values indicate a redder color ( -60 = green, +60 = red). °b* (yellowness) values, larger
values indicate a yellower color (-60 = blue, +60 = yellow). ‘Hue angle values represent
the change from the true red axis; larger values indicate a greater shift from red to
yellow. 5Chroma is a measure of the total color; larger values indicate more total color.
*RTB (Red to Brown) is a ratio of 630 nm:580 nm that represents a change in color from
red to brown, larger values indicate a redder color. **Mean values within a row lacking
common superscripts differ (p < 0.05). *SEM, standard error of the mean.
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Table 5. Objective texture and tenderness measurements of beef patties produced using a
grinder or a bowl chopper.

Treatment

Grinder Bowl Chopper SEM* p-value

Hardness (kg)' 1.82° 2.00? 0.047 0.0039
Springiness? 0.75 0.75 0.005 0.9359
Cohesiveness? 0.48 0.48 0.003 0.6146
Chewiness* 0.66° 0.73% 0.021 0.0078
Resilience® 0.18 0.18 0.002 0.4202
AKSF (N)* 348.75° 369.32% 5.636 0.0066

"Hardness values represent the maximum force exerted during the first compression cycle.
2Springiness values are a ratio of the time duration of the second compression to that of the first
compression (duration 2/duration 1). *Cohesiveness Values are a ratio of the positive force area
during the second compression to that during the first compression (area 2/area 1). “Chewiness
values = hardness x cohesiveness x springiness. *Resilience values are a ratio of the first cycle
decompression area to the first cycle compression area (area 1b/area la). SAllo-Kramer Shear
force is reported in Newtons (N). *®Mean values within a row lacking common superscripts
differ (p < 0.05). *SEM, standard error of the mean
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Table 6. Consumer panelist ratings of ground beef patties produced using a grinder or a bowl
chopper.

Treatment

Sensory Anchor! Grinder Bowl Chopper SEM* p-value
Overall Liking 6.53% 6.01° 0.1912 0.0199
Appearance 6.67 6.71 0.1647 0.7861
Aroma 6.51 6.71 0.1656 0.2741
Flavor 6.51 6.33 0.1831 0.4091
Texture 6.35 5.87 0.2227 0.0629
Juiciness 6.18 6.35 0.1871 0.4833
Tenderness 6.08 5.93 0.1701 0.4868
Beef Flavor Intensity 5.88 5.73 0.1678 0.3702

Perceived b a
Fattiness/Leanness 5.15 5.79 0.1761 0.0034

!Sensory anchors: Consumer panelists evaluated each sensory anchor using a 9-point hedonic
scale (1 = dislike extremely, 9 = like extremely). *®Mean values within a row lacking common
superscripts differ (p < 0.05). *SEM, standard error of the mean.
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