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Introduction

Foodborne illness results in tremendous health and 
economic burden (CDC, 2019). The Center for 
Disease Control and Prevention reported that ground 
beef had been associated with 56% of the Escherichia 
coli O157:H7 outbreaks in 2014 (Andrews, 2014). 

Since ground beef is linked with outbreaks of E. coli 
O157:H7 and Salmonella contamination, effective 
pasteurization of ground beef by cooking to recom-
mended temperatures is critical to avoid potential 
food safety concerns. Prior to the Jack-in-the-Box in 
the early 1990s, government agencies recommend-
ed “brown” as the doneness color for ground beef. 
Although the USDA-Food Safety Inspection Service 
has very long recommended using a food thermom-
eter, reporting/detection of premature browning in 
1995 has led to include ground beef in the safety 
guidelines and noted that visual color is not a reliable 
indicator of doneness (USDA-ARS/FSIS, 1998).
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Premature browning is a condition in which inte-
rior of cooked patties appear to have a dull brown or 
well-done appearance before the USDA recommended 
temperature of 71.1°C to kill enterohemorrhagic E. coli 
and Salmonella spp. (Hague et al., 1994; Warren et al., 
1996a, 1996b; Amalaradjou et al., 2010; Mancini et al., 
2011). If consumers use brown visual color as an indica-
tor of doneness, then premature browning may contrib-
ute to undercooking of ground beef. Previous research 
has noted that 70% of consumers did not use a meat 
thermometer to determine temperature has reached the 
recommended level (Phang and Bruhn, 2011). Hence, it 
is critical to understand consumer cooking and tempera-
ture monitoring practices to formulate strategies to limit 
its undesirable consequences.

Cooked meat color is primarily due to myoglo-
bin denaturation and the Maillard reaction (King and 
Whyte, 2006). The interior cooked color of ground 
meat products is determined primarily by 3 intrinsic 
factors such as myoglobin form (the major driver), pH, 
and end-point temperature (Fig. 1; Hunt et al., 1999; 
Killinger et al., 2000). Myoglobin is the primary protein 
responsible for meat color and depending on the redox 
state, it can impart pinkish-purple (deoxymyoglobin), 
bright-red color (oxymyoglobin), or brown (metmyo-
globin). The thermal stability of these 3 myoglobin 
forms differs with deoxymyoglobin being most heat 
stable and metmyoglobin the least stable, oxymyoglo-
bin is intermediate in thermal stability. Myoglobin form 
present within the interior of patties is determined by 
the type of packaging, storage temperature, and time.

Premature browning was first reported in the 1990s 
when the meat industry started using modified atmo-

spheric packaging to improve color stability (USDA-
ARS/FSIS, 1998). A greater concentration of oxygen 
within a package can limit the migration of brown met-
myoglobin form from the interior to surface and retain 
bright-red color for a longer time (English et al., 2016; 
Ramanathan and Mancini, 2018). Hence, beef purvey-
ors started using high-oxygen (80% oxygen; 4 times 
greater oxygen content than atmospheric oxygen) in 
modified atmospheric packaging to maximize oxymyo-
globin formation than traditional aerobic PVC packag-
ing with 20% oxygen. Although modified atmospheric 
packaging minimized discoloration; this has led to food 
safety concerns (Lien et al., 2002; Suman et al., 2016).

Previous study noted that 47% of meat sold in retail 
is prone to premature browning (Killinger et al., 2006). 
Even though the food safety messages and recommenda-
tions to consumers regarding the use of meat thermometer 
to assure safe cooking temperature are available, limited 
knowledge is currently available on consumer practices 
with respect to the type of packaging and cooking pro-
cedure. Therefore, the objective of current study was to 
determine consumer practices and risk factors that pre-
dispose to premature browning in cooked ground beef.

Materials and Methods

The methodology utilized in research has been 
used in several published studies to determine con-
sumer preferences, food expenditures, price expec-
tations, and awareness and concern for a variety of 
food issues (Lusk and Norwood, 2016; McFadden 
and Lusk, 2016; Lusk, 2017). The data utilized in this 

Figure 1. Effects of myoglobin forms on cooked meat color. 1Conversion from oxymyoglobin to metmyoglobin is not thermodynamically feasible. 
The arrow indicates visual color change seen during discoloration (AMSA, 2012).2In premature browning, conversion of ferrohemochrome to ferrihemo-
chrome is fast, although oxymyoglobin forms ferrohemochrome.
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study came from a Food Demand Survey (FooDS) 
project that conducted in May of 2017. The FoodS is 
an online survey with a sample size of at least 1,000 
individuals each month. The survey is delivered on the 
10th of the month unless that date falls on a weekend, 
in which case it is moved to the next closest Monday. 
The requisite sample size is typically acquired within 3 
d. The data collected do not constitute a panel because 
a new sample is drawn each month; however, pre-
cisely the same questions are posted each month. The 
survey is administered to an opt-in panel maintained 
by Survey Sampling International, and participants 
receive points worth about $1.50 for participating. 
The survey questions consisted of doneness of patties, 
cooking time, and packaging type of patties. Details of 
questions are included in Table 1. Pictures of different 
packaging types such as a tray, vacuum package, film 
wrapped, butcher wrapped paper, frozen patties, and 
chub were also included in the survey.

Statistical analysis

The Food Demand Survey is a rapid response 
system to understand emerging policy or marketing 
issues (Lusk and Murray, 2014). The FooDs is a na-
tional monthly online survey, and the current study 
had a sample size of 1,030 individuals. The results 
are weighted to match the US population in terms of 
age, gender, education, and region of residence (Lusk 
and Tonsor, 2016). The survey consists of a series of 
questions that are asked in exactly the same way each 
month. The results are expressed as a percentage in 
each category. The margin of error, representing twice 
the standard error and thus a 95% confidence interval 
for the population proportion, was calculated for each 
sample proportion with the following equation: 

ˆ ˆ(1 )
2MoE

n
− = ± ∗  

 
r r  

where MoE is the margin of error, r̂  is the sample 
proportion, and n is the sample size (n = 1,030). Two 
proportions were considered different if their margins 
of error did not overlap.

Results and Discussion

Consumer perception plays a significant role in the 
judgment of final product quality. This is particularly 
important in determining the safe cooking temperature 
of ground patties. In the current survey, out of 1,030 re-
spondents, 88% responded yes to the first questions (do 
you eat ground beef or cook hamburger). Hence, 906 re-
spondents’ observations were considered for the study.

Ground beef is a popular beef product sold in retail 
(Shahbandeh, 2018). Most consumers are aware that 
ground beef is a potential source of pathogenic bacteria; 
hence adequate cooking is necessary to prevent food-
borne outbreaks. A panel of food safety experts’ ranked 
use of meat thermometer offers the most critical oppor-
tunity to minimize the risk due to foodborne pathogens 
(McCurdy et al., 2006). In previous research, although 
64% of consumers had access to a thermometer, the 
majority of people looked for visual cues to determine 
doneness of patties. Popular magazines and cooking 
shows contradict the USDA recommendation for us-
ing a meat thermometer, instead recommending a fixed 
cooking time (Phang and Bruhn, 2011; Food Network, 
2019). Likewise, in the current research 66.7% of re-
spondents used visual observation, while 19.2% cooked 
patties to a certain length of time to determine done-
ness (Fig. 2). Only 13.5% of respondents used a meat 

Table 1. Questions included in the Food Demand Survey to determine consumer practices related to the doneness 
of patties, cooking time, and packaging type of patties
Question Choice options
1: Do you eat ground beef patties (i.e. hamburgers)? Yes or no
2:  How do you determine the doneness of ground beef patties when 

cooking a hamburger?
A) By using a meat thermometer, 
B) By visual observation (i.e., looking at the color of meat in the center of the patty),  
C) By cooking a certain length of time, or  
D) Other ways

3:  What is your preference for the cooked internal color of ground 
beef patties?

Red, pink, brown, or another color1 such as gray

4:  To what internal temperature (degrees Fahrenheit) does the 
USDA recommend cooking ground beef patties?

Respondents answered on a slider scale that ranged from 100 to 200 in 1°F increments.

5: How is the ground beef you normally buy packaged? Vacuum sealed, in a box as frozen patties, in butcher wrapped paper, as a chub, and 
film wrapped in a tray

1Another color represents any personal preference such as gray.
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thermometer to ascertain meat has reached pasteuriza-
tion temperature. Previous study noted only 8.8% of 
consumers used a meat thermometer to determine the 
endpoint temperature (Reynold, 2018). Interestingly, 
69% of respondents indicated that they prefer a brown 
interior color for cooked patties (Fig. 3). If the patties 
were prone to premature browning, the chances of eat-
ing undercooked patties would be greater.

Of the 13.5% of consumers that used a meat 
thermometer in the present study, the average and 
median cooking temperatures were 72.2 and 71.6°C, 
respectively (Table 2). Interestingly, 28% of respon-
dents cooked ground beef to <68.3°C (Fig. 4). In the 
current survey, approximately 25.8% of respondents 
preferred pink in the interior of patties. This suggests 
that personal preference or not knowing the USDA 
recommended temperature in ground beef patties can 
predispose to food safety challenges, especially when 
packaged in aerobic conditions that favor the forma-
tion of oxymyoglobin and metmyoglobin.

Premature browning depends on packaging, age 
of meat, postmortem muscle pH, and frozen/fresh 
conditions (King and Whyte, 2006). Vacuum pack-
aged patties will have predominant deoxymyoglobin 
form in the interior (myoglobin form resistant to pre-

mature browning), while film wrapped will have oxy-
myoglobin and possibly metmyoglobin in the center 
(form prone to premature browning). In the United 
States and United Kingdom, aerobic packaging is 
the most common type of packaging for ground beef 
(McMillin, 2008). Consumers associate a bright-red 
color to freshness and wholesomeness. Both polyvinyl 
overwrap and high-oxygen packaging can form pre-
dominant oxymyoglobin on the surface. In addition, 
depending on the oxygen concentration within pack-
ages (as in high oxygen), oxygen can diffuse from 
the surface to interior, and results in the formation of 
oxymyoglobin in the center. Oxymyoglobin form has 
lower thermal stability than deoxymyoglobin. In this 
study, the majority of respondents purchased meat in 
a tray and overwrap (61%; Fig. 5). Myoglobin form 
within the interior of these patties can be oxy- or met-
myoglobin. Furthermore, in patties that have been 
stored longer and in the central portion of thicker 
packages of ground beef, deoxymyoglobin can also 
be formed when the meat had deoxygenated and 
returned to a reduced state, thus these portions will 
form a normal pink color while the outer portions will 
premature brown. In the current research, only 5.7% 
of people bought patties packaged in vacuum, while 
60% of respondents bought patties packaged in film 
wrapped or in the tray. Patties packaged in vacuum 
will have a pinkish-purple color of deoxymyoglobin 
(vs bright red or brown) and will be resistant to pre-
mature browning due to its greater stability to heat. In 
the current research, 6.4% respondents purchased pat-
ties in frozen state. Freeze-thawing can increase the 
incidence of premature browning (Van Laack et al., 
1996). The heat transfer to frozen patties can be differ-

Figure 2. Different ways to determine doneness of ground beef pat-
ties. Standard error bars are indicated. Responses with a different letter 
(a–d) are different at 95% confidence interval.

Figure 3. Responses for internal color preferences of cooked patties. 
Standard error bars are indicated. Responses with a different letter (a–d) 
are different at 95% confidence interval. 1Another color represents any per-
sonal preference such as gray.

Table 2. Summary of cooking temperature and per-
centage responses
Percentage of response Cooking temperature, °C
Average cooking temperature 72.2
Median cooking temperature 71.6
28% 68 to 71.1
54% > 71.1
32.5% < 68.3
34% > 73.8
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ent from unfrozen patties and the label recommenda-
tion on cooking time can lead to insufficient cooking.

Conclusions

Ground beef has been linked to the occurrence of 
foodborne illness and cooking is an important step in 
risk mediation. The survey results indicated that the 
majority of consumers prefer their cooked ground beef 
has a brown internal color and 86.5% of consumers 
did not use a meat thermometer to ensure safe rec-
ommended cooking temperature. The survey respon-
dents were using packaging conditions that promote 
oxymyoglobin and can result in premature browning. 
The current study suggests that consumer practices in-

crease the likelihood of premature browning and risk 
associated with eating undercooked patties. Increasing 
oxygen content in packaging has the potential to mini-
mize wastage due to discoloration, but can lead to 
cooked color and safety concerns. Characterizing the 
factors that contribute to premature browning, devel-
oping strategies for predictable cooked internal color, 
and adopting novel consumer educational practices 
can limit foodborne outbreaks due to consumption of 
undercooked meat.
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