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Abstract:

In this study, we aimed to investigate the impact of three different post-packaging pasteurization temperatures (55, 65, and 75°C)
on the physicochemical (pH, drip loss, texture profile, and color), microbial (lactic acid bacteria, mesophilic and psychrotrophic
bacteria, as well as mold and yeast), and sensory (odor, taste, texture, color, slime, exudates, swelling, and overall acceptability)
characteristics of vacuum-packed beef ham during 30 days of storage at two different temperatures (5 and 12°C).

Lactic acid bacteria and total mesophilic and psychrotrophic counts were reduced to zero by post-packaging pasteurization at 65
and 75°C. Higher post-packaging pasteurization temperatures resulted in a significant increase in drip loss in the treated samples
at 65 and 75°C, as well as a small rise in pH in all the samples. Furthermore, higher post-packaging pasteurization temperatures
decreased lightness, yellowness, and h® values while increasing redness and AE. During post-packaging pasteurization, Chroma
remained constant. The textural profile analysis revealed that post-packaging pasteurization and storage had a significant impact
on the texture of beef ham. The sensory analysis showed no changes after post-packaging pasteurization in the samples, and the
sensory parameters remained stable during their storage at 65 and 75°C.

Finally, our investigation showed that 65°C is an optimal post-packaging pasteurization temperature for increasing the shelf-life

of beef ham under refrigeration.
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INTRODUCTION

Ready-to-eat products are really popular in modern
lifestyles because they are easy to prepare. Meat pro-
ducts like ham are preferred among ready-to-eat foods
due to their excellent nutritional, protein, vitamin, and
mineral contents. Processed meats are highly perishable
and have a short shelf-life despite the preservation tech-
nologies employed in these products. Because of their
low salt content of 2%, pH of 6, and water activity of
0.9, as well as high protein, water, and nutrient con-
tents, these products are highly susceptible to contami-
nation by spoilage microorganisms, particularly lactic
acid bacteria species [1-3]. This can happen during
manipulation processes before the final packaging,
such as slicing [4].

Symptoms of lactic acid bacteria spoilage include
in-package souring, swelling, slime, milky exudates,
off-flavors, off-odors, and discoloration [3]. The food
industry is constantly concerned about lactic acid bac-
teria spoilage because it causes economic problems for
producers who have to recall their products and may
also harm their reputation [2]. On the one hand, meat
companies attempt to create a high-quality product with
financial advantages. On the other hand, people are
becoming more conscious of the hazards of artificial
additives used in ready-to-eat products [5]. Therefore,
post-package pasteurization may be used to improve
microbial safety and extend the shelf-life of vacuum-
packed meat products. This method is easier to use and
it is less expensive than other techniques used by meat
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companies. Post-package pasteurization is a thermal pro-
cess known as a low-temperature decontamination me-
thod that can increase the shelf-life of ready-to-cat meat
products [4, 6, 7].

Most previous studies used post-package pasteuri-
zation to control Listeria monocytogenes, Escherichia
coli, Salmonella spp., and coliforms on a variety of pro-
ducts [6, 8—11]. To the best of our knowledge, there is
a lack of research on the impact of different tempera-
tures of post-package pasteurization on controlling spoi-
lage bacteria, primarily lactic acid bacteria, in beef
ham. Moreover, there are few studies on the quality
changes during the post-package pasteurization pro-
cess, primarily sensory attributes, which is limited to
Vahabi Anaraki et al., who applied post-package pas-
teurization to turkey breast at 80°C for 5.5 min [4]. The
heating process can cause changes in the quality of
meat, such as denaturation, fiber shrinkage, and collagen
solubilization [12]. Therefore, choosing an appropriate
heating temperature is a critical step in producing a
high-quality product.

According to previous studies [8, 13-16], the tem-
peratures selected for post-package pasteurization
ranged between 50 and 95°C. Since higher thermal treat-
ments cause more quality changes, we attempted to
find an optimum temperature in lower thermal ranges
that could efficiently eliminate bacteria while still
ensuring product quality. For this, we examined the
effect of post-package pasteurization at different tem-
peratures on the microbial, physical, chemical, and
sensory quality of fully cooked, vacuum-packed 90%
beef ham. In addition, we evaluated post-package pas-
teurization’s effect on the shelf-life of beef ham during
30 days of storage at temperatures of 5 and 12°C, which
are the average house and market temperatures.

STUDY OBJECTS AND METHODS

In this study, we evaluated the impact of post-
package pasteurization on the microbial activity (lactic
acid bacteria, aerobic mesophilic and psychrotrophic
bacteria, mold, and yeast) and on the physicochemical
changes (pH, drip loss, color coordinates, texture profile)
and sensory analysis in vacuum-packed 90% beef ham
at three post-package pasteurization temperatures (55,
65, and 75°C) and during 30 days of storage at two sto-
rage temperatures (5 and 12°C).

Cooked ham model. Sliced cooked hams were
prepared using traditional techniques in an industrial
meat factory in Amol, Iran (Kalleh Company). Accor-
ding to the manufacturer’s instructions, the hams were
produced from boneless beef cuts (90%), salt (1.5%),
sodium polyphosphate (0.3%), ascorbic acid (0.05%),
sodium nitrite (0.01%), seasonings (1.14%), water (2%),
and wheat starch (5%). After mixing the ingredients,
the mixture was tumbled (2—4°C) and packed into an
artificial casing and cooked until the core temperature
reached 72°C, which was measured by inserting a
thermometer (Model Testo 103, Germany) into the cen-
ter of a sample pack. After cooking, the product was

immediately cooled in a refrigerator (4°C) for about
2 h until the core temperature reached 5°C. The hams
were then sliced (~ 0.2x11x14 cm) by using a slicing ma-
chine and vacuum-packed in polyethylene-polyamide-
polyethylene (100 p diameter) bags weighing around
300 g (~ 300 g sliced ham per package).

Heat treatment. The vacuum-packed hams were
divided into four groups: control (non-pasteurized samp-
les) and experimental pasteurized samples that were
transported to saturated steam chambers at three dif-
ferent temperatures of 60, 70, and 80°C until the core
temperature reached 55, 65, and 75°C, respectively. The
temperature was measured by inserting a thermometer
(Model Testo 103, Germany) into the center of a sample
pack. Each treatment group required 60 min to reach
the core temperature. The packs were then cooled in
a refrigerator (4°C) for about 2 h until the core tempe-
rature reached 5°C. Following that, both pasteurized
and non-pasteurized samples were transferred to the
laboratory and refrigerated for 30 days at two tem-
peratures of 5 and 12°C. For each category (pasteurized
and non-pasteurized) of treatments, 30 out of a total of
120 packed hams were used. All analyses were car-
ried out at least three times on days 0, 15, and 30 at
temperatures of 5 and 12°C.

pH measurement. The pH of the product was
calculated according to the procedure described by
Khorsandi [17]. After mixing 10 g of a chopped sample
with 90 mL of distilled water of room temperature, we
measured pH with a digital pH meter (Model C860, Con-
sort, Belgium). On each measurement day, the pH meter
was calibrated at room temperature using buffers with
pH of 4.01 and 6.97. All pH measurements were repli-
cated three times.

Drip loss measurement. Drip loss was recorded on
each slice of the sample immediately after packaging
or processing at both storage temperatures by removing
the cover of the hams, drying the exudates with a paper
towel, and reweighing the hams with the wrapping. The
drip loss was calculated as follows [18]:

M=, 100 )
W,

1

Drip loss =

where W, is the meat weight at packaging, g; W, is the
meat weight at sampling day, g.

The measurements were replicated at least three
times.

Microbiological analysis. All microbiological analy-
ses were performed according to Menéndez et al. [19].
Before each microbial analysis, sample packages were
sterilized with 70% ethanol and opened aseptically using
a sterile scalpel. Ham samples (25 g) were transferred
aseptically to 0.1% sterile peptone water (225 mL) and
homogenized in a stomacher (Lab Blender, Seward,
London, UK) for 2 min. Further decimal dilutions
were made using the same diluent, and they were then
examined for aerobic mesophilic and psychrotrophic
microorganisms, lactic acid bacteria, molds, and yeasts
under the following conditions: lactic acid bacteria on
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Man Rogosa Sharpe agar at 30°C for 3 days; mesophilic
and psychrotrophic bacteria on plate count agar at 30°C
for 48 h and 10°C for 7 days, respectively; yeasts and
molds on Rose Bengal with chloramphenicol agar at
25°C for 5 days. The tests were run in duplicate on agar
plates using three samples for each treatment, and the
results were represented as logarithms of the number of
colony-forming units (log CFU/g).

Color analysis. The color coordinates (CIELAB)
were calculated using a Minolta CR-400 colorimeter
(Minolta Camera Co., Osaka, Japan; an aperture of 8 mm),
illuminant D65, and a 2° observation angle, as described
in [20]. L* denotes lightness and ranges from black (0) to
white (100); a* denotes redness and ranges from (+) red
to (—) green; and b* denotes yellowness and ranges from
(+) yellow to (-) blue. A standard Minolta reflector plate
was used to calibrate the colorimeter before each color
measurement. Total color difference (AFE), saturation
index or Chroma (C¥*), and hue angle (h°), which
indicate the divergence from the color space’s true red
axis, were determined as follows [21]:

AE = (L= L) +(a*—a,)} +(b*~b)*  (2)
C*=\J(a** +b*) 3)
h° = tan™' (b*/ a*) @)

Where L*, a*, and b* are the measured values of treated
and control hams on different days, and L, a, and
b, are the standard color parameters. In L* a* and
b* color spaces, AE is the difference between two co-
lors [22]. The Chroma or saturation scale runs from 0 for
fully unsaturated (neutral gray, black, or white) to 100
for extremely high Chroma or “color purity”. The hue
angle (h°) of the saturated color in the color space ranges
from 0° (red), 90° (yellow), 180° (green), 270° (blue),
and 360° (red) [21].

Texture profile analysis. The textural properties
of hams were evaluated using a texture analyzer
(M350-10CT, Testometric, UK) controlled by the
comprehensive WinTest Analysis software. Samples
were fixed on the central part of the texture profile
analysis plate at room temperature and compressed
twice to 50% of their original height through a 2-bite
mechanism with a P/4 cylindrical probe (4.0 mm in
diameter), a load cell of 50 kg, and a crosshead speed
of 60 mm/min. The rest time between the two com-
pressions was 10 s. The following parameters were de-
termined: hardness, springiness, adhesiveness, cohesi-
veness, gumminess, and chewiness. The measurements
were repeated at least three times at different points for
each sample.

Sensory analysis. The sensory analysis was perfor-
med as described in [23], with eight trained panelists.
The following sensory attributes were evaluated: odor,
taste, texture, slime formation, pack swelling, color,
exudates, and overall acceptability. The panelists rated
the sensory attributes on a five-point hedonic scale:
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1 for “extremely bad”, 2 for “bad”, 3 for “moderate”,
4 for “good”, and 5 for “extremely good”. The evalua-
tions of every characteristic were repeated three times.
The sensory evaluations were performed on days 0, 15,
and 30 at both storage temperatures (5 and 12°C).

Statistical analysis. To evaluate the differences
(p <0.05), all the data were analyzed using one-way
ANOVA. Duncan’s multiple range tests (p < 0.05) were
performed to evaluate whether there were changes in the
means of the treatments. The SPSS software was used
for the analysis (SPSS 23.0 for Windows, SPSS Inc.,
Chicago, IL, USA).

RESULTS AND DISCUSSION

Microbiological analysis. Figure 1 depicts total aero-
bic mesophilic counts, total psychrotrophic counts,
and lactic acid bacteria counts after post-package pas-
teurization and under different storage conditions. As
can be seen in Fig. la, post-package pasteurization
considerably reduced the lactic acid bacteria counts of
the treated samples. No colony of lactic acid bacteria
was counted during 30 days of storage in the samp-
les pasteurized at 65 (P65) and 75°C (P75). The initial
count of lactic acid bacteria was 3.5 logl0 CFU/g in the
control samples. Compared to the control group, this
amount significantly reduced to 2.25logl0 CFU/g in
the P55 samples (p < 0.05) (Fig. 1a). These results of lac-
tic acid bacteria are similar to those reported by [3]
and [24], who obtained a one-log reduction in the value
of Lactobacillus sakei, Lactobacillus plantarum, Leu-
conostoc mesentroiedes, and Leuconostoc curvatus in
vacuum-packed sausages in less than 60 s at 55 and 57°C.

We found that on the first day of storage, the value
of logl0 CFU/g of mesophilic bacteria in non-pasteuri-
zed samples was 3.3 logl0 CFU/g. Compared to the non-
pasteurized group, this amount significantly reduced
(p <0.05) to 2.04 logl0 CFU/g in the P55 ham and rea-
ched zero in the P65 and P75 samples (Fig. 1b). Simi-
larly, Pingen et al. observed 1.75 logl0 CFU/g reductions
in total aerobic mesophilic counts at 53°C in pork loins,
and Jeong et al. observed a 3.67 logl0 CFU/g reduc-
tion in total aerobic mesophilic counts after 45 min of
post-package pasteurization treatment at 61°C in pork
ham [9, 25].

In our study, the initial count of psychrotrophic bac-
teria in the control group was 3.4 logl0 CFU/g on the
first day of storage. Compared to the control group, post-
package pasteurization significantly reduced total psy-
chrotrophic counts to 1.6 logl0 CFU/g in the P55 ham
and zero in the P65 and P75 samples (p < 0.05) (Fig. lc).
Our total psychrotrophic counts results were consistent
with those of [10], who reported a 4 logl0 CFU/g reduc-
tion in psychrotrophic counts in lamb loins after the
post-package pasteurization process at 60°C for 6 h.

There were no mold or yeast counts after post-
package pasteurization or during 30 days of storage at
5 or 12°C in either the non-pasteurized or pasteurized
samples. The number of bacteria in our study increased
significantly during storage in both control and the P55
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Figure 1 Microbiological analysis of control and post-package pasteurization-treated hams during 30 days of storage at 5 and
12°C: lactic acid bacteria count (a); total aerobic Mesophilic Counts (b); and total aerobic Psychrotrophic counts (c)

samples (p <0.05). The control samples had a signi-
ficantly higher lactic acid bacteria count during 30 days
of storage at 5°C, but at 12°C, this amount increased to
8.6 logl0 CFU/g at the end of storage for both the control
and the P55 ham (p < 0.05) (Fig. 1a).

At both storage temperatures (5 and 12°C), the
amount of increase in total aerobic mesophilic counts
and total psychrotrophic counts was constantly higher
in the control group than in the P55 ham (Fig. 1b and c¢).
Post-package pasteurization at 65 and 75°C effectively
eliminated the number of lactic acid bacteria, total aero-
bic mesophilic counts, and total psychrotrophic counts by
3.5, 3.3, and 3.4 logl0 CFU/g, respectively, whereas post-
package pasteurization at 55°C significantly eliminated
these bacteria by 1.25, 1.26, and 1.8 logl0 CFU/g, respec-
tively. Furthermore, post-package pasteurization inhibi-
ted the growth of these microorganisms in both the
P65 and P75 samples during cold storage (5 and 12°C),
further increasing the product’s safety.

pH values. Table 1 shows variations in pH values of
the treatments as a result of post-package pasteurization
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and cold storage. As can be seen, the pH of pasteurized
hams increased with a higher post-package pasteu-
rization temperature, but this trend was not statistically
significant (p > 0.05). This could be related to a decrease
in muscle acidic groups and the formation of free
hydrogen sulfide as thermal temperatures rise [26]. This
finding was consistent with the findings of [27] and [28],
who discovered a slight increase in the pH of chicken
and pork samples after heat treatment.

In our study, during storage at 5°C only the pH in
the control samples dec-reased significantly (p < 0.05),
and at 12°C, this trend was only seen in the control
and P55 samples (Table 1). When the lactic acid bac-
teria counts reached 7logl0 CFU/g, the pH dropped
faster. Similarly, when the lactic acid bacteria po-
pulation reached 7logl0 CFU/g, Khadijeh et al. and
Khorsandi et al. discovered a significant decrease in
pH [3, 17]. According to our findings, there were no
significant (p > 0.05) changes in the pH of the P65 and
P75 samples during storage. While the pH drop has been
related to lactic acid bacteria growth, these findings may
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Attribute Days Control P55 P65 P75
Storage temperature 5°C
pH 0 6.32 +£0.034 6.35+0.024¢ 6.37 £0.054 6.40 £ 0.054¢
15 6.30 £ 0.054 6.34+0.014 6.39 + 0.024 6.37 £ 0.044
30 5.36 +£0.044° 6.34 +£0.028 6.37 £0.038 6.36 +0.038
Drip loss, % 0 2.60 + 0.46* 3.10 +£0.25% 4.35+0.325 5.66 £ 0.53¢
15 2.73 +£0.294¢ 3.34+£0.37M 4.24 +(.548 5.88 £0.85%
30 3.65 +0.494 3.47 £ 0.57A® 4.60 + 0.695 5.82 +0.84¢
Storage temperature 12°C
pH 0 6.32 £ (.03 6.35+0.024 6.37 £0.054 6.40 £ 0.054¢
15 5.09 + 0.03% 5.10 + 0.024° 6.34 +0.028 6.34 +£0.028
30 4.92 £ 0.05% 4.93 +£0.014° 6.33 + 0.05% 6.36 + 0.038
Drip loss, % 0 2.60 + 0.46" 3.10 +£ 0.25% 4.35+0.328 5.66 +0.53<
15 3.53+£0.14% 3.64 +£0.124® 4.60 £ 0.148% 5.77£0.16%
30 5.65+0.294¢ 4.18 +£0.155 4.68 +£0.165% 5.79 £ 0.09¢

P55, P65 and P75 are the samples pasteurized at 55, 65, and 75°C

Averages with different capital (A—C) letters in the same row indicate statistically significant difference (p < 0.05) between treatments at the same
storage time. Averages with different small (a—c) letters in the same column indicate statistically significant difference (p < 0.05) within treatments

during different storage times

be due to a lack of lactic acid bacteria growth in these
treatments [4]. On day 30, the pH of the P55 ham was
significantly lower at 12°C than that at 5°C. Our findings
demonstrated that post-package pasteurization at 65
and 75°C could inhibit lactic acid bacteria growth while
maintaining the pH of the samples unchanged.

Drip loss analysis. Table 1 shows changes in drip
loss in the samples caused by post-package pasteu-
rization and during cold storage. Higher temperatures
of post-package pasteurization increased the drip
loss rate of the P65 and P75 samples, which was also
significant between the experimental groups (p < 0.05).
This increase in drip loss could be due to thermal
treatment, which causes myofibrillar protein structures
in muscle to become more rigid in the longitudinal
axis due to protein denaturation. As a result, more
muscle sarcoplasmic fluid is released due to this proce-
dure [23]. Our findings agree with those of [8] in pork
loin. Drip loss increased considerably in the control
and P55 treatments during cold storage at both storage
temperatures (p <0.05) (Table 1). Because the water-
holding capacity of muscle proteins is highly pH-depen-
dent, this can be explained by a decrease in pH in
these samples around the isoelectric point of proteins
(particularly myosin with PI = 5.4) [4, 29].

Wang et al. and Ozaki et al. reported a rising trend
in drip loss in their samples during storage, which is
consistent with our findings [30, 31]. According to our
data, post-package pasteurization significantly increa-
sed drip loss in the P65 and P75 samples, which is a
downside to selecting high temperatures. This parameter
rose during cold storage in both the control and the P55
ham sample, which was connected to lactic acid bacteria
growth and a pH drop.

Color analysis. The L* and b* values. Table 2 shows
changes in the color coordinates (CIELAB) (L* a%,
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and b*) of all the samples. The L* and b* values of the
pasteurized samples followed the same trend, decrea-
sing considerably as the temperature increased up
to 65°C and then leveling out at 75°C (p <0.05). One
possible explanation for the L* value’s decrease is
higher drip loss in these samples, which causes moisture
loss and may result in a decrease in lightness [32].
Reduced b* values may be attributed to metmyoglobin
denaturation, which finally results in brown meat co-
loring because of ferrihemochrome production [33].
Several investigations have shown comparable findings
for the L* value and b* value during post-package
pasteurization [9, 16, 34]. In our study, only in the cont-
rol samples (at both storage temperatures) and P55
samples (only at 12°C) did the L* value decrease signi-
ficantly during cold storage (p <0.05) (Table 2). This
phenomenon could be explained by a loss of the water-
holding capacity in the meat emulsion or a decrease in
the pH of the samples [35, 36].

The b* value, on the other hand, increased signi-
ficantly during cold storage in all the samples (p < 0.05)
(Table 2). The increasing b* values observed in the
control and P55 samples can be explained by pigment
and lipid oxidation as a result of pH reduction [18, 37].
However, in the P65 and P75 samples, this increase
could be attributed to lipid oxidation caused by relea-
sed non-heme iron groups as thermal temperatures
rise [38]. The b* values during the storage period in
our study agreed with those obtained in [37] and [18].
Post-package pasteurization significantly increased the
L* and b* values of the pasteurized samples, as well
as induced darkness and blueness, according to our
findings.

The a* value. Unlike the L* and b* values, the a* va-
lues of the pasteurized samples increased significantly
as the post-package pasteurization temperature rose
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Table 2 Effect of post-package pasteurization on color coordinates (L*, a*, and b*), total color difference (AE), Chroma (C¥),
and hue angle (h°) of 90% beef ham within 30 days of storage at 5 and 12°C. Values are expressed as mean + SD

Color attribute Days Control P55 P65 P75
Storage temperature 5°C
L* 0 29.98 £ (.224¢ 29.53 £ (.28 28.34 +0.23% 28.30 +£0.22¢
15 29.97 +0.294 29.52 +0.258 28.32+0.31% 28.28 +£0.20%
30 29.61 £ (0.244° 29.51 £0.21% 28.30 +0.22¢ 28.25+0.28%
a* 0 15.56 +0.234¢ 15.92 £ 0.26% 16.54 £ 0.22% 16.52 £0.31
15 15.41 +£0.25% 15.74 +0.298 16.35 £ 0.20¢® 16.27 + 0.29¢®
30 15.01 £0.234% 15.44 +0.228° 16.23 +0.27¢ 16.19 +£0.23
b* 0 19.44 + (.23 18.98 +0.258 18.31+0.21¢ 18.20 +£0.29%
15 19.62 £ 0.284® 19.15 +0.208» 18.46 £ 0.21¢® 18.45 + 0.22¢®
30 19.81 £ 0.234% 19.34 £ (0.245% 18.69 + 0.36" 18.70 £ 0.27%
AE 0 042 0.76 + 0.26" 2.224+0.22¢ 2.30+0.18P
15 0.64 +0.15%° 0.73 £0.27" 2.22+0.17% 223 +£0.14%
30 0.76 + 0.134¢ 0.66 + 0.128%° 2.11 £ 0.08® 2.11 +0.26%
C* 0 24.90 £ 0.23 24.77 £0.25 24.67 +0.31 24.58 £0.30
15 24.95+0.27 24.79 +0.25 24.66 + 0.35 24.59 £ 0.34
30 24.85+0.33 24.75+0.33 24.75 +0.35 24.73 £0.25
h® 0 51.32+0.174 50.01 £ 0.048¢ 4791 +0.16% 4777 +0.11<
15 51.85 +0.204° 50.58 + 0.05% 48.47 £ 0.06° 48.59 £ 0.10°
30 52.85+0.15%¢ 51.40 +0.13B¢ 49.03 +0.08% 49.11 £ 0.07¢
Storage temperature 12°C
L* 0 29.98 £ 0.224 29.53 +£0.288 28.34 +0.23% 28.30 +0.22%
15 29.50 +£0.214° 29.19 +0.208° 28.26 +0.45% 28.23 +£0.28%
30 29.42 +£(.234° 29.12 +£0.38% 28.24 +0.25% 2821 £0.19%
a* 0 15.56 +£0.24" 15.92 +0.265 16.54 +0.20% 16.52 +0.31
15 14.93 & (0.244b 15.07 £0.214¢ 16.20 = 0.425° 16.16 +0.205°
30 14.73 +£0.284¢ 14.81 £ 0.25% 16.15+0.21% 16.10 +0.22%°
b* 0 19.44 £ (.23 18.98 +0.258 18.31 +0.21¢ 18.20 +0.29%
15 19.91 £ 0.284% 19.35 + 0.33Bbc 18.71 + 0.24¢ 18.72 + (.39
30 20.02 £ 0.35%¢ 19.55 +£0.358¢ 18.75 + 0.22¢% 18.77 £0.21¢
AE 0 042 0.76 + 0.26" 2.224+0.22¢ 2.30+0.18P
15 0.94 +0.18%4 0.65 + 0.228° 2.14+0.36° 2.13 +£0.15¢
30 1.16 £ 0.104¢ 0.56 + 0.185¢ 2.24 +0.22¢ 2.21 £0.20
C* 0 24.90 £ 0.33 24.77 +0.35 24.67 +0.31 24.58 £0.27
15 24.88 £0.36 24.53 +0.27 24.75+0.33 24.73 £ 0.40
30 24.85+0.32 24.53 £0.30 24.75+0.31 24.73 £0.31
h° 0 51.32+£0.174 50.01 £ 0.048 4791 +0.16% 4777 +0.11¢
15 53.13 +0.054¢ 52.10 +0.07% 49.11 £ 0.04% 49.20 +0.10%
30 53.64 + 0.044¢ 52.85+0.128¢ 49.26 +0.16 49.38 +£0.13%

P55, P65 and P75 are the samples pasteurized at 55, 65, and 75°C

Averages with different capital (A—C) letters in the same row indicate statistically significant difference (p < 0.05) between treatments at the same
storage time. Averages with different small (a—c) letters in the same column indicate statistically significant difference (p < 0.05) within treatments

at different storage times

up to 65°C before leveling off at 75°C (p <0.05). The
cured red color formation in meats (Fe?-nitrosylhe-
mochrom pigment) as a result of the thermal process is
related to the increasing redness during post-package
pasteurization [25]. Our findings were  consistent
with those in [11] for fillet fish heated from 50 to 70°C.
Conversely, during both storage temperatures, a sig-
nificant reduction (p < 0.05) was observed for a* values
in all the samples (Table 2), which could be attri-
buted to the nitrosylmyoglobin pigment oxidation
and metmyoglobin formation [39, 40]. Furthermore,
nonenzymatic browning as a result of oxidative reac-
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tions upon heating can be responsible for a* value chan-
ges in the P65 and P75 samples, which is consistent with
previous studies in sausage and pork ham [35, 41, 42].

Higher post-package pasteurization temperatures
(primarily up to 65°C) were found to induce the cure
meat color in beef ham, which is a desirable quality
for consumer preference. This indicates that 65°C is
a suitable temperature for post-package pasteuri-
zation.

Total color difference (AE), Chroma (C*), and hue
angle (h°). As can be seen in Table 2, post-package
pasteurization significantly increased (p <0.05) the
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total color differences of the pasteurized samples,
ranging from 0.76 to 2.3, when compared to the non-
pasteurized (control) samples. According to Fernandez-
Lopez et al., the actual visual difference of the product
occurs when the total color difference of samples
is greater than 3 [22]. Increasing the post-package
pasteurization temperatures reduced the h° value of
all the pasteurized samples from 50.01 to 47.77
(p <0.05) (Table 2). There were no significant dif-
ferences in Chroma between the pasteurized treat-
ments during post-package pasteurization (p > 0.05)
(Table 2). This might be due to insufficient thermal
temperatures, which could not affect the Chroma
value.

The total color differences of the non-pasteurized
samples increased significantly at both cold storage
temperatures, whereas this parameter decreased sig-
nificantly in all the pasteurized samples (except P65
at 12°C) (p<0.05) (Table 2). However, according to
Fernandez-Lopez et al., this reduction was not detec-
table by the untrained eye [22].

The hue angle results for all the pasteurized and
non-pasteurized samples showed a significant increase
(p <0.05) at the two cold storage temperatures (Table 2),
with values ranging from 47.77 to 53.64, indicating an
increase in yellowness during storage. However, we
observed no change in the Chroma values in any of
the treatments during storage at both temperatures
(p>0.05) (Table 2).

According to the hue angle data, higher thermal
temperatures caused more redness in the samples.
Furthermore, it can be assumed that temperatures
in our study were not high enough to have a signi-
ficant impact on the Chroma or AE that could be
detected.

Textural profile analysis. Hardness, gumminess,
and chewiness. Table 3 shows the effects of various hea-
ting and storage temperatures on the texture parameters
of beef ham. Post-package pasteurization had a signi-
ficant effect on the hardness, gumminess, and chewiness
of the samples. Compared to the control groups, there
was a significant decrease in hardness, gumminess,
and chewiness in the pasteurized samples up to 65°C,
followed by a significant increase in these parameters
at 75°C (p <0.05). Bertola et al. discovered the lowest
hardness values at 60 and 64°C and relatively higher
hardness values between 81 and 90°C [13]. In addition,
Tornberg reported an increase in meat toughness during
heating between 65 and 80°C caused by connective
tissue shrinkage. The increase in meat tenderness during
heating up to 65°C is caused by sarcoplasmic protein
aggregation, gelation of fibers and fiber bundles, and
decreased fracture stress [43].

Furthermore, this author connected a reduction in
shear force to a weakening of collagenous connective
tissue, and Shen ef al. suggested that changes in the
myofibrillar protein structure during heating are ano-
ther factor that leads to meat hardness at temperatures
above 70°C [11, 43].
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The decrease in gumminess during post-package
pasteurization is also caused by the heat denaturation
of myosin, whereas the increase in gumminess can
be related to the unfolding of actin and sarcoplasmic
proteins [44]. Rabeler and Feyissa and Rigdon et al.
observed a similar trend for gumminess when heating
between 50 and 95°C [16, 45].

The decreased chewiness during post-package
pasteurization could be attributed to the loss of the
myosin structure, whereas the increased chewiness
can be related to gel formation due to the denaturation
of connective tissue and collagen that begins at tem-
peratures above 70°C [14, 46, 47]. Roldan et al. found
a similar trend for chewiness during post-package
pasteurization in lamb loins [10].

Furthermore, these texture parameters declined du-
ring the two cold storage periods in all the samples.
In general, the degradation of proteins and lipids by
microorganisms or enzymatic activity, as well as the loo-
sening of myofibrils, the degeneration of connective tis-
sue, and the reduction of actin-myosin junctions, are
associated with decreased hardness and increased soft-
ness of meat during storage [36, 48, 49]. In our study,
this decreased trend was coincidental with the increase
in the number of lactic acid bacteria, total aerobic
mesophilic counts, and total psychrotrophic counts in
the control and P55 samples (Fig. la, b, and c). Thus, dec-
reased gumminess during storage could be due to ionic
reaction loss [42]. Additionally, decreased gumminess
and chewiness in the control and P55 samples might
be due to the degradation of meat protein due to pH
reduction, while decreased gumminess and chewiness
in both P65 and P75 samples could be due to proteolysis
caused by chemical and enzymatic activity and lipid
oxidation during the thermal treatment [11, 50, 51].

Our results for hardness, gumminess, and chewiness
during storage were consistent with those of [28, 36],
[42, 48], and [28, 48], respectively. We found that the
firmness of the treated samples decreased as a result of
post-package pasteurization up to 65°C. However, the
P65 samples had the highest firmness at the end of day
30 of refrigerated storage at both 5 and 12°C. According
to these findings, 65°C could be considered the optimum
post-package pasteurization temperature for maintaining
the firmness quality of beef ham during cold storage.

Adhesiveness and cohesiveness. As shown in Table 3,
none of the post-package pasteurization temperatures
affected the adhesiveness and cohesiveness of the pas-
teurized samples, with the exception of the P55 ham
sample, which had the lowest value when compared
to the other treatments (p <0.05). These results were
consistent with those of D’sa et al. for adhesiveness and
Rabeler and Feyissa for cohesiveness [15, 16].

The adhesiveness and cohesiveness of all the
samples remained unchanged during cold storage
(p>0.05). Thus, meat products such as ham cannot
have high adhesiveness because they must have a firm
texture and not stick when touched [52]. Rahman et al.
relates ionic interaction loss to the cohesiveness of the
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Table 3 Effect of post-package pasteurization on texture profile analysis of beef ham within 30 days of storage at 5 and 12°C.

Values are expressed as mean = SD

Days Attribute Control P55 P65 P75
Storage temperature 5°C

0 Hardness, N 0. 976 + 0.060* 0.947 +0.1804 0.85 + 0.028 1.19 £ 0.03¢
Cohesiveness 0.243 £0.010 0.24 +0.01 0.23 +0.01 0.25+0.01
Springiness, mm 1.000 + 0* 0.98 +0.0248 0.93 +0.03" 1.000 + 0
Gumminess, N 0.23 +£0.02% 0.227 £ 0.0404B¢ 0.198 + 0.0108 0.301 £0.010%
Chewiness, N/mm 0.235 + 0.040" 0.223 +£0.040" 0.184 +£0.010% 0.301 £0.010%
Adhesiveness, Kgf's ~ 0.12 +0.024¢ 0.110 £ 0.016* 0.10+0.01* 0.020 +0.001®

15 Hardness, N 0.71 £ 0.10% 0.837 +0.030% 0.763 + 0.0504B 0.80 £ 0.044B°
Cohesiveness 0.236 + 0.050 0.23+0.01 0.23+£0.01 0.247+0.010
Springiness, mm 0.977 £ 0.030 1.000 £ 0 0.997 + 0.010® 0.947 £ 0.080
Gumminess, N 0.167 £ 0.0204* 0.192 +0.010% 0.176 + 0.010% 0.198 £ 0.010*°
Chewiness, N/mm 0.163 + 0.0204° 0.192 +0.020" 0.176 £ 0.010%® 0.187 £ 0.020*°
Adhesiveness, Kgf's  0.07 £0.01® 0.06 +0.01 0.060 + 0.002 0.033 £ 0.002

30 Hardness, N 0.477 +0.020%° 0.477 £ 0.020"¢ 0.61 +0.048 0.56 + 0.044B¢
Cohesiveness 0.23 £0.01 0.21+£0.02 0.23+£0.01 0.23 £0.02
Springiness, mm 0.993 £0.010 0.987£0.010 0.998 + 0% 0.98 £ 0.03
Gumminess, N 0.109 + 0.0104B¢ 0.101 £0.010%° 0.14 £ 0.01%° 0.129 £ 0.010"8¢
Chewiness, N/mm 0.109 + 0.010"B¢ 0.10 + 0.024° 0.14 £ 0.02% 0.124 + 0.020"8¢
Adhesiveness, Kgf's  0.050 + 0.003 0.060 + 0.008 0.05+0.01 0.020 +0.001

Storage temperature 12°C

0 Hardness, N 0. 976 + 0.060 0.947 + 0.180% 0.85 + 0.028 1.19 +0.03<
Cohesiveness 0.243 £0.010 0.24 +0.01 0.23 +0.01 0.25+0.01
Springiness, mm 1.000£0 0.98 £ 0.02 0.93 +0.03 1.000 £ 0
Gumminess, N 0.23 +£0.024 0.227 £ 0.0404B¢ 0.198 +0.0108 0.301 £0.010%
Chewiness, N/mm 0.235 + 0.0404¢ 0.223 +0.040" 0.184 +0.010% 0.301 £0.010¢
Adhesiveness, Kgf's  0.12 +0.024¢ 0.110 £ 0.016* 0.10+0.01* 0.020 +0.001®

15 Hardness, N 0.463 +0.010%° 0.477 £0.010%¢ 0.66 + 0.048° 0.59 + 0.048¢
Cohesiveness 0.22+£0.01 0.210 £ 0.005 0.22+£0.01 0.23+0.02
Springiness, mm 1.000+0 0.99 +0.01 1.03 £0.10° 0.963 +£0.010
Gumminess, N 0.101 £ 0.010% 0.100 + 0.0024° 0.148 £ 0.010%® 0.136 £ 0.01048¢
Chewiness, N/mm 0.101 £ 0.010%¢ 0.100 + 0.0024° 0.15+0.018® 0.13 +0.024B¢
Adhesiveness, Kgf's  0.040 + 0.005° 0.050 £ 0.004 0.070 + 0.001 0.040 £ 0.001

30 Hardness, N 0.463 +0.010"° 0.467 + 0.010% 0.61 + 0.048° 0.55 +0.044B¢
Cohesiveness 0.21+0.01 0.200 + 0.002 0.225+0.010 0.229 +£0.020
Springiness, mm 1.000£0 1.000 £ 0 0.987 +£0.010%® 0.993 £0.010
Gumminess, N 0.097 + 0.0024B¢ 0.090 + 0.0034° 0.134+0.010% 0.136 £ 0.010"8¢
Chewiness, N/mm 0.097 + 0.0024B¢ 0.093 £ 0.010%° 0.132 £ 0.020% 0.125 £ 0.020"8¢
Adhesiveness, Kgf's  0.060 + 0.001® 0.040 + 0.002 0.070 + 0.001 0.040 + 0.002

P55, P65 and P75 are the samples pasteurized at 55, 65, and 75°C

Averages with different capital (A—C) letters in the same row indicate statistically significant difference (p < 0.05) between treatments at the same
storage time. Averages with different small (a—c) letters in the same column indicate statistically significant difference (p < 0.05) within treatments

during different storage times

samples during storage [49]. Similar findings have been
observed for adhesiveness in fish and sausage and for
cohesiveness during cold storage in sausage [48, 52, 53].
It has been reported that adhesiveness and cohe-
siveness can play an important role in product slicing
and that increasing adhesiveness and cohesiveness
results in increased product stickiness, which is an
undesirable attribute for consumer preference [54]. In
our study, post-package pasteurization had no effect on
the product’s adhesiveness or cohesiveness, and these
parameters remained unchanged during cold storage.
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Springiness. Post-package pasteurization had no ef-
fect on the springiness of the samples (p > 0.05) (Table 3).
However, when compared to the control and P55
samples, the P65 samples had the lowest springiness
(p <0.05), which can be attributed to collagen and sar-
coplasmic transitions that occurred between 65 and
67°C [43]. A similar result was observed for springi-
ness during the heating of chicken breast meat at
50-90°C [16]. Similarly, another study discovered that
the springiness of the samples treated at 65°C was lower
than that of the samples treated at 72°C [27].
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The springiness of the samples did not change sig-
nificantly at any of the storage temperatures (p > 0.05).
Since an increase in springiness has been linked to
a decrease in pH, while a decrease in springiness has
been linked to an increase in drip loss, our results
for springiness during storage may be related to the
interaction of these factors [48, 55]. Feng et al. found
no significant changes in the springiness of sausa-
ges after 58 days of refrigerated storage [48]. Our fin-
dings revealed that post-package pasteurization had
no effect on the springiness of the samples. Additio-
nally, this parameter remained constant across all sto-
rage temperatures (5 and 12°C), suggesting that post-
package pasteurization can preserve the texture quality
of beef ham.

Sensory analysis. Taste, odor, and texture. Figure 2
depicts the sensory analysis of the samples after post-
package pasteurization and during cold storage. Post-
package pasteurization had no effect on the taste, odor,
or texture of the samples, according to the panelists
(p>0.05) (Figs. 2a—c), which was consistent with pre-
vious post-package pasteurization studies [27, 56]
on sausage and pork. The sensory scores of taste and
odor in the control and the P55 samples decreased
significantly (p <0.05) during cold storage at both
5 and 12°C, reaching 1 at the end of storage (Figs. 2a
and b). The decreased taste and odor scores during
storage could be attributed to an increase in micro-
bial growth, free fatty acid formation, and oxidative
rancidity [52]. Odors and off-tastes become noticeable
when bacterial counts, particularly lactic acid bacte-
ria, reach 7 logs, according to our findings and other
studies [17, 52].

The sensory scores of texture decreased significantly
at both storage temperatures in the control, P55, and P75
samples, according to the panelists (p < 0.05). However,
these scores did not fall below 3 (Fig. 2c). Lower texture
scores in the control and P55 samples can be related to
a drop in pH, which changes muscle protein interaction
and, as a result, changes textural structures [57]. The
decrease in product firmness during storage has been
attributed to enzymatic and microbiological activity [49].
It could also be due to the residual proteolysis activity
of the protease after thermal heating during cold storage
in the P75 hams [51]. Our findings were compatible with
those reported by Feki et al. for sausage and Sani et al.
for lamb meat [52, 58]. Our study revealed that post-
package pasteurization had no effect on the taste, odor,
or texture of the product. These findings also demon-
strated that taste and odor in the P65 and P75 samples,
as well as texture in P65, could be preserved during both
cold storage periods.

Slime formation, color, and swelling. As depicted in
Figs. 2d—f, post-package pasteurization had no noticeab-
le impact on slime formation, color, or swelling in the
samples (p > 0.05). These results were consistent with
those of Vahabi Anaraki ef al. [4].

Slime formation, color, and swelling scores in the
control samples, as well as swelling scores in the P55
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samples, decreased significantly (p <0.05) at both sto-
rage temperatures, and those scores fell below 3. Slime
formation and pack swelling during storage are lin-
ked to the growth of lactic acid bacteria, primarily
Leuconostoc mesenteroides [59]. The decreased color
score during storage can be related to pigment and lipid
oxidation, which causes non-enzymatic browning of
lipids and amino acids [52]. The results of color analysis
in our study agree with those of Feki ef al. and Sani ef al.
in beef sausage and lamb meat, respectively [52, 58].
Our study showed no statistically significant differences
in these sensory qualities in the pasteurized samples.
Furthermore, only the non-pasteurized samples had
lower scores for slime formation and color after 30 days
of cold storage (5 and 12°C), and pack swelling scores
only decreased in the control and P55 samples.

Exudates. As displayed in Fig. 2g, the exudate sco-
res for the pasteurized samples showed a pattern of
decreasing acceptability as the post-package pasteuriza-
tion temperatures rose. Heat treatment-induced protein
denaturation is related to an increase in exudates [60].

The exudates scores decreased significantly during
cold storage in the control and P55 ham samples
(p <0.05). Although the decrease in P55 was lower
than in the control group and remained above 3, while
the scores in the control group reached 4 at 5°C and fell
below 2 at 12°C, this decline could be attributed to a
decrease in pH, which caused protein denaturation and
aggregation disarray, resulting in moisture loss [50].
Our results for exudates agree with those reported by
Vahabi Anaraki ef al. in turkey breast [4]. According to
our results, post-package pasteurization had a negative
effect on the exudates score of the pasteurized samples.
After 30 days of cold storage at both 5 and 12°C, the
score for this parameter did not decrease in either the
P65 or P75 samples, reflecting the absence of microbial
growth in these samples.

Overall acceptability. As illustrated in Fig. 2h, the
overall acceptability of the P55, P65, and P75 ham samp-
les remained from “moderate” to “very good” and never
fell below 3. In the control samples, however, the scores
dropped significantly to “bad” and “very bad”, and on
the 30th day of cold storage, the overall acceptability
fell below 3 at 5°C and below 2 at 12°C (p < 0.05). The
higher sensory quality of the P65 and P75 samples was
due to the lack of spoilage microorganisms in these
samples, and the higher overall acceptability scores
for the P55 ham, compared to the control samples,
might be due to the inhibitory effect of post-package
pasteurization on microbial growth in these samples.
According to our findings, we can conclude that post-
package pasteurization can maintain the sensory
characteristics of beef ham in pasteurized samples
stored at 5 and 12°C.

CONCLUSION

Our study revealed that post-package pasteuriza-
tion could significantly reduce number of lactic acid
bacteria, total aerobic mesophilic counts, and total
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Figure 2 Sensory attributes of control and post-package pasteurization-treated hams during 30 days of storage at 5 and 12°C: taste

(a); odor (b); texture (c); slime formation (d); color (e); swelling (f); exudates (g); and overall acceptability (h)
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psychrotrophic counts. Furthermore, we found that post-
package pasteurization significantly increased drip loss
and exudates in the treated samples. Fortunately, post-
package pasteurization had no negative effect on the tex-
ture, color analysis, or sensory properties of beef ham,
such as taste, odor, slime, swelling, color, texture, or ove-
rall acceptability. Also, it could significantly maintain
these qualities in the P65 and P75 samples until the end
of day 30 during cold storage at both 5 and 12°C. Accor-
ding to our findings, 65°C was the optimum tempera-
ture for post-package pasteurization application in 90%
beef ham.

Our study indicated that post-package pasteurization
can be easily applied on an industrial scale, and the only
downside to it is increased drip loss during the heating
of the product. This issue could be resolved by using a

different starch or phosphate in the formulation of this
product to increase the water-holding capacity during
post-package pasteurization.
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