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Abstract - Our objective was to determine the effects
of packaging and lactate on premature browning in
ground beef. Each of eight coarse ground beef (85%
lean) chubs was divided into two batches of 2.25 kg.
Potassium lactate was added to one 2.25-kg batch
per chub in order to obtain a final concentration of
2.5% w/w. The other 2.25 kg batch per chub
received only distilled water. Each batch was mixed
and then finely ground through a 4.8-mm plate.
From each batch, patties (100 g, 10 cm diameter)
were assigned to either vacuum, high-oxygen, or
aerobic packaging, and stored in the dark at 2°C for
2 or 4 days prior to cooking (endpoint temperature
of 66°C or 71°C). Cooked patties were sliced
parallel to the grilled surface, and CIE a* values
were evaluated on the freshly exposed interiors.
Lactate increased (P < 0.05) redness of raw ground
beef compared with controls. However, lactate had
no effect (P > 0.05) on a* values of cooked ground
beef. Increasing endpoint temperature from 66° to
71°C decreased (P < 0.05) a* values in cooked
ground beef in aerobic and vacuum packaging, but
had no effect (P > 0.05) on ground beef packaged in
high-oxygen. High-oxygen packaging increases the
likelihood of premature browning in ground beef
compared with vacuum and aerobic packaging.
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I. INTRODUCTION

Heat-induced denaturation of myoglobin is
responsible for the characteristic dull-brown color of
cooked meat products. Unfortunately, the denaturation
temperature for myoglobin depends on several factors,

and therefore, the relative appearance of cooked
product is not necessarily a reliable indicator that
ground beef has been pasteurized [1].

Although ground beef should be cooked to an
internal temperature of 71°C [2], consumers generally
do not use meat thermometers and assume that a brown
color in the interior of beef indicates that the product
has reached a temperature sufficient to inactivate
foodborne pathogens. However, premature browning
(PMB) is a condition in cooked beef in which
myoglobin denaturation occurs at a temperature lower
than necessary for pasteurization. This falsely conveys
that thermal pasteurization has been achieved.

The redox state of myoglobin determines its
resistance against heat-induced denaturation, with
deoxymyoglobin ~ being  most  resistant  and
metmyoglobin least resistant [3]. Thus, packaging
plays a role in cooked color. For example, the tendency
of beef to brown prematurely is greater in high-oxygen
packaging (80% oxygen) than in traditional over-wrap
packaging [4-6].

Lactate is an ingredient often used in case-ready beef
processing. Although a significant amount of research
has focused on lactate’s role in raw color, no research
has assessed the ingredient’s effect on cooked ground
beef color, especially when combined with high-
oxygen packaging. Thus, our objective was to
determine the combined effects of packaging and
lactate on premature browning in ground beef.

II. MATERIALS AND METHODS

Each of eight coarse ground beef (85% lean) chubs
was divided in half, resulting in two batches of 2.25 kg
per chub. Potassium lactate was added to one 2.25-kg
batch per chub in order to obtain a final concentration
of 2.5% w/w. The other 2.25 kg batch per chub was
used as a control and received only distilled water.
Each batch was mixed and then finely ground through
a 4.8-mm plate. From each 2.25-kg batch, 14 patties
(100 g, 10 cm diameter) were assigned to 1 of 7
packaging x storage time combinations: (1) day 0, prior
to storage and packaging; (2) 2 days of storage in



vacuum; (3) 2 days of storage in high-oxygen; (4) 2
days of storage in aerobic packaging; (5) 4 days of
storage in vacuum; (6) 4 days of storage in high-
oxygen; (7) 4 days of storage in aerobic packaging.
Therefore, 2 patties per batch were assigned to each
packaging x storage combination. Of the two patties,
one was later assigned to an internal endpoint
temperature of 66°C and the other was assigned to
71°C. High-oxygen packaging (Hi-Ox) consisted of
80% O, + 20% CO, and aerobic packaging (PVC)
consisted of oxygen-permeable polyvinyl chloride film.
Packages were stored in the dark at 2°C for either 2 or
4 days prior to instrumental raw color analyses and
cooking.

The raw surface color of each patty was determined
on days 0, 2, and 4, immediately after packages were
opened. CIE a* values were measured using a
HunterLab MiniScan XE Plus spectrophotometer with
a 2.54-cm diameter aperture and illuminant A [7].

Patties were cooked to internal temperatures of 66°C
or 71°C using a George Foreman clam-shell grill.
Internal temperature was monitored using a handheld
probe thermometer inserted into the geometric center
of each patty. Cooked samples were removed from the
grill and submerged in ice to minimize post-cooking
temperature rise. Cooked patties were sliced parallel to
the grilled surface, and CIE a* values were evaluated
on the freshly exposed interiors.

The experimental design for cooked color was a
split-split-plot with a randomized complete block in the
whole-plot (n = 8). Each chub served as a block and
each chub half received one of two lactate treatments
(0 or 2.5%). Within the sub-plot, patties were assigned
to 1 of 14 packaging x storage time x endpoint
temperature combinations. Data were analyzed using
the Mixed Procedure of SAS [8]. Fixed effects
included lactate, packaging, storage time, endpoint
temperature, and their interactions.

III. RESULTS AND DISCUSSION

There were no significant 4- or 3-way interactions
for a* values of raw and cooked ground beef. There
was a significant packaging x lactate and packaging x
storage time interaction for raw color. In addition, there
was a significant packaging x lactate and packaging x
endpoint temperature interaction for cooked color.

Lactate increased (P < 0.05) redness of raw ground
beef compared with controls (Table 1). In addition, raw
ground beef packaged in either PVC or high-oxygen

had more discoloration during storage than ground beef
packaged in vacuum (Table 1).

Increasing endpoint temperature from 66° to 71°C
decreased (P < 0.05) a* values in cooked ground beef
packaged in PVC and vacuum, but had no effect (P >
0.05) on ground beef packaged in high-oxygen (Table
2). Lactate had no effect (P > 0.05) on a* values of
cooked ground beef.

Our results are in agreement with previous research
suggesting a beneficial effect of lactate on raw beef
color [9]. However, the effects of lactate on raw color
were not reflected in our cooked color data.

High oxygen packaging creates a thick layer of
oxymyoglobin. However, the temperature at which
oxymyoglobin denatures is less than the temperature at
which deoxymyoglobin denatures. This was reflected
in our cooked a* values, where increasing endpoint
temperature had no effect on redness of ground beef in
high-oxygen.

IV. CONCLUSION

Lactate can be used to improve raw ground beef
redness without influencing cooked color. In addition,
high-oxygen packaging increases the likelihood of
ground beef premature browning compared with
vacuum and oxygen-permeable PVC.
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Table 1: Characterization of raw ground beef surface redness (a* value): Effects of lactate', packaging?®, and storage time at 2°C.

Packaging'

Enhancement Aerobic PVC Hi-Ox Vacuum
Control 13.0a 20.4b 16.7¢
Lactate 19.0a 23.0b 20.3a
P-value® <0.05 <0.05 <0.05
SE 0.58 0.58 0.60
Storage time (d)

0 19.5 19.5 19.5
2 18.3a 21.2b 24.2¢
4 11.1a 10.8a 19.2b
SE 0.58 0.58 0.60

! Treatments include control ground beef without added lactate and ground beef with a final concentration of 2.5% lactate.
2 Modified atmosphere packaging: Hi-Ox = 80% O, + 20% CO,,

3 P-value for control versus lactate comparisons within a packaging type.

SE = Standard error of the mean.

a-c Least square means within a row with a different letter are significantly different (P < 0.05).

Table 2: Characterization of cooked ground beef internal redness (a* value): Effects of lactate" packaging®, and endpoint
temperature.

Packaging’
Endpoint temperature (°C) Aerobic PVC Hi-Ox Vacuum
66 13.3a 10.8b 16.9¢
71 11.9a 10.5b 14.5¢
P-value® <0.05 0.51 <0.05
SE 0.23 0.24 0.26
Enhancement
Control 12.8a 10.7b 15.4¢
Lactate 12.4a 10.5b 15.9¢
P-value® 0.30 0.65 0.33
SE 0.2 0.2 0.3

! Treatments include control ground beef without added lactate and ground beef with a final concentration of 2.5% lactate.
2 Modified atmosphere packaging: Hi-Ox = 80% O, + 20% CO,,

3 P-value for endpoint temperature comparisons within a packaging type.

4 P-value for control versus lactate comparisons within a packaging type.

SE = Standard error of the mean.

a-c Least square means within a row with a different letter are significantly different (P < 0.05).
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