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ABSTRACT - Microbiological, pH, and sensory evaluations on pork tender-loins treated with potassium
sorbate (PS) during storage at 4°C were assessed. Treatments of 0.5-2.0% PS for 10 min effectively (P < 0.05)
inhibited the growth of aerobic plate counts (APC) and gram-negative bacterial counts (GNC) compared to those
of controls for 9 days at 4°C, respectively. Results of this investigation demonstrate that antimicrobial activity on
APC and GNC in all treatments enhanced by increasing concentrations of PS during storage at 4°C. pH values of
pork tender-loins treated with PS gradually increased by storage of 6 days at 4°C. Sensory data showed that 0.5-
1.0% PS treatments were quite close in odor and appearance compared to fresh controls. Results indicated that pork
tender-loins treated with 1.0% PS for 10 min could extend shelf-life to 9 days during refrigerated storage at 4°C

without adversely affecting sensory quality.
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Extending shelf-life of meat depends on maintaining
low microbial numbers during storage at refrigeration
temperatures, which is important to the meat industry
because it is the main factor associated with reduced
quality of meat, spoilage, and subsequent economic
loss."™ The potassium sorbate (PS) plays a major role in
meat and fish processing due to its antimicrobial activity
and is often used to extend the shelf-life of many
foods."*5"1!" Studies have shown that PS is used to
reduce the level of aerobic food spoilage bacteria and
food pathogens in several foods."*”"" Mendonca et al.
reported that vacuum-packaged pork chops treated with
PS reduced counts of mesophiles, psychrotrophs, Enter-
obacteriaceae, facultative anaerobes, and lactobacilli.
They have shown that combined use of 10% phosphate
and 10% PS solutions extended shelf life in vacuum-
packaged fresh pork chops to 10 weeks at 2-4°C com-
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pared with untreated pork and protected meat colors.
EL-Shenawy and Marth” noted that a combination of
two preservatives is more effective against undesirable
microorganisms in tryptose broth than just one alone.
They found that a combination of PS with lactic or ace-
tic acid more effectively inactivated Listeria monocy-
fogenes than potassium sorbate by itself. The antimicro—-
bial activity of PS combined with sodium acetate and
lactic acid bacteria was demonstrated by Kim and
Hearnsberger” who observed that growth of gram-neg-
ative bacteria was Inactivated in refrigerated catfish fil-
lets. Staham ef al.® have shown that antimicrobial and
sensory evaluations on vacuum packaged fillets treated
with PS was more effective than a 100% CO, atmo-
sphere alone. Kim er al.¥ noted that the decontamination
of aerobic spoilage bacteria is essential in meat and its
products. Among those microorganisms gram-negative
bacteria were the major cause of microbial spoilage in
refrigerated meat and fish.”>®

However, there are limited studies to determine the
efficacy of PS for aerobic spoilage bacteria, gram neg-
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ative bacteria, pH, and sensory evaluations on refrig-
erated pork tender-loins. The purpose of our study was
to evaluate shelf-life extension of refrigerated (4°C) pork
tender-loins by freating their surfaces with PS.

Materials and Methods

Pork preparation and treatments

Fresh pork tender-loins were obtained from a com-
mercial source and transported to the laboratory on ice
and used within 2 h of arrival. Each one 8° of pork ten-
der-loins (average weight 50 g per tender-loins) were
placed in a tumbler (Chang Dae Chemical Co., Model
101, Korea) at room temperature. Potassium sorbate
(PS) was added to the pork tender-loins and tumbled for
10 min at 15 rpm. PS, at concentrations of 0.5, 1.0, 1.5,
and 2.0% (w/w) was used in this work. Controls were
tumbled without PS for 10 min at 15. Treated pork ten-
der-loins were packed in groups of four in large Whirl-
Pak bags (Fisher Chemical Co., USA) and labelled. The
bags were closed and stored at 4°C. Samples were
removed from storage at appropriate times for analyses.

Microbiological analysis

Individual pork tender-loin was aseptically transferred
to Whirl-Pak bags, weighed, and diluted 1 : 1 with 0.1%
(w/v) sterile peptone water. Samples were shaken 60
times using the standard rinse method (4). The liquid
from each sample was diluted and plated in volumes of
0.1 ml on standard plate count agar (Difco Laboratories,
Detroit, USA) for aerobic plate counts (APC) and Mac-
Conkey agar (Difco Laboratories, Detroit, USA) for
gram-negative bacterial counts (GNC), respectively. The
plates were incubate for 48 hr at 30°C before counting
the colonies. The number of bacteria was expressed as
mean Log  CFU/g of the duplicate treatments.

Calculation of growth curves

The growth rates of aerobic microorganisms were
used to calculate generation times.'¥ Two points on the
logarithmic growth phase of each curve were used in the
calculation.

Generation time (GT) =(0.301(T,- T ))/(log P,~P)

Where, T, =time of P, T, =time of P,, P, = CFU/g at
T, and P,=CFU/g at T,.

pH measurements

pH values of the homogenates of the muscle (2.5 g) in
10 ml of 5 mM iodoacetate-150 mM KCl (adjusted to
pH 7.0) were measured according to the method of Ben-
dall."””

Sensory evaluations

Sensory evaluations of samples were performed by an
ten member trained panel. Odor and appearance of
uncooked pork tender-loins were evaluated during stor-
age at 4°C. Treated pork tender-loins were judged
against fresh control pork tender-loins (fresh daily),
which were assigned a score of 5. Samples liked less
than the control were scored 1 to 4, where 1 = disliked
most. Samples liked more than the control were scored
6 to 9, where 9 = liked most. Untreated control pork ten-
der-loins also were stored at 4°C for comparison against
fresh control pork tender-loins and treated pork tender-
loins.

Statistical analyses

APC, GNC, pH, and sensory data were analyzed using
ANOVA, and means were seperated by the least sig-
nificant difference test at P < 0.05 using SAS program.'®

Results and Discussion

Microbiological analysis

APC and GNC on pork tender-loins treated with dif-
ferent levels of PS for 10 min using a tumbler at room
temperature were significantly (P < 0.05) lower than the
controls during storage at 4°C (Table 1 and 2). Treat-
ments of 1.0-2.0% (w/w) PS were effective in lowering
the initial level of APC and GNC. Increasing concen-
trations of PS by 1.0 to 2.0% (w/w) significantly (P <
0.05) inhibited the growth of aerobic spoilage bacteria
and gram negative bacteria in pork tender-loins for 9
days of storage compared to 0.5% PS treatments, while
the control pork tender-loins were rapidly spoiled as evi-
denced by the microbial growth. Mendonca et al.” have
shown that potassium sorbate alone was significantly (P
< 0.05) more effective in delaying the growth of lac-
tobacilli in vacuum-packaged pork chops than it was in
combination with other chemicals. They suggested that
treatment of 10% Brifisol 414™ without PS did not con-
tribute extended shelf life in vacuum-packaged pork
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Table 1. APC values* on refrigerated (4°C) pork tender-loins treated with different levels of potassium sorbate (PS)

Storage time Log CFU/g
(days)
Treatment 0 6 9
Control 3.46+0.18 3.58£0.11° 5474012 741£0.17°
0.5%PS?15 rpm 3.50+0.06° 3.71+0.08 441+0.23° 5.56+0.10°
1.0%PS/15 rpm 2.91 +0.05® 2.80+£0.04° 2.72£0.09° 2.96+0.06°
1.5%PS/15 rpm 245£0.17° 2.72+0.21° 2.70+0.08° 270+ 0.05°
2.0%PS/15 rppm 238+0.18° 2.50+0.11° 2.26£0.04° 2324013

*Mean + SD within the same column with different superscripts are significantly different (P < 0.05).

Table 2. GNC values* on refrigerated (4°C) pork tender-loins treated with different levels of potassium sorbate (PS)

Storage time Log CFU/g
(days)
Treatment 0 6 9
Control 321+£0.04° 2.99 +0.09° 4.57+0.28 5.62+0.02
0.5%PS/15 rppm 3.3440.02° 335+0.05° 3.58+0.43% 245+0.11°
1.0%PS/15 rpm 225+0.07° 2.1240.05° 2.06+0.13% 1.94£0.24°
1.5%PS/15 rpm 205+0.18 1.79£0.29° 1.67+0.13¢ 1.50£0.00
2.0%PS/15 rpm 2.13£0.07° 1.72£0.14° 1.57£0.13° 1.00£0.07¢

*Mean + SD within the same column with different superscripts are significantly different (P < 0.05).

chops. Moreover, PS was considered important because
the lactobacilli have been recognized as the predominant
spoilage microbial group in vacuum-packaged, refrig-
erated, fresh of processed meats. Statham et al® have
reported that Morwong (Nemadactylus macropterus
Bloch and Schneider) fillets treated with combination of
potassium sorbate, polyphosphate and 100% CO, atmo-
sphere packaging were the most effective packaging
regime. PS on vacuum packaged fish was more effective
than a 100% CO,. They reported that polyphosphate had
no apparent additional effect on fillets stored under vac-
uum with or without potassium sorbate. Furthermore,
growth of the food spoilage bacteria and food pathogens
such as gram negative bacteria, aerobic measophiles,
psychrotrophic bacteria, anaerobic and facultative anaer-
obic bacteria, and Listeria monocytogenes in meat and
fish was inhibited to various degrees by combinations of
PS and other chemicals.**”'" EL-Shenawy and Marth”
noted that a combination of PS and acid had a greater
antimicrobial activity in tryptose broth than that of either
alone. They found that the antilisterial effect of potas-
sium sorbate was enhanced by the presence of organic
acids such as lactic acid, acetic acid, or citric acid. Kim
and Hearnsberger® noted that treatments of 0.5% (w/w)
PS alone or 0.25% PS combined with both 0.50%

sodium acetate and 2.5% lactic acid cultures (Lacto-
coccus lactis ATCC 19257) had a significantly lower
levels of GNC on fresh fish fillets during storage of 10
days at 4°C. The combination of 0.25% PS and 0.50%
sodium acetate with 2.5% lactic acid cultures or 1.0%
sodium acetate, alone, improved catfish odor and
appearance during 13 days of storage.

Results indicated that microbial spoilage of pork ten-
der-loins is mainly caused by gram negative bacteria,
which were sensitive to increasing levels of PS. Dar-
madji and Izumimoto'” noted that gram-negative bac-
teria such as Pseudomonas spp. secrete proteolytic
enzymes which play a role in the degradation of protein.
They noted that this process may affect meat putre-
faction and production of volatile nitrogen. This sug-
gested that a use of PS as a sanitizer could be necessary
to extend a microbiological shelf-life on pork meat as
Mendonca et al.” found it to be in vacuum-packaged
pork chops. Although PS has an antimicrobial effect in
pork tender-loins, it is recommended to use in food by

25mg/kg/wt.

Analysis of generation time
When pork tender-loins treated with 0.5-2.0% (w/w)
PS for 10 min, 1.0% PS increased generation times by
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Fig. 1. Generation time of aerobic plate counts (APC) on
refrigerated (4°C) pork tender-loins treated with
different levels of potassium sorbate (PS). Means
sharing the same letter are not significantly different
@ > 0.05).
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90.3 hr (Fig. 1). There was significantly different (P <
0.05) on GT between controls and treatments. Treatment
of 1.0% PS was no significantly different (P > 0.05) on
GT compared to that of other treatments. PS not only
caused a decrease in the initial number of aerobic spoil-
age bacteria (Table 1 and 2) but also decreased the
growth rate of survivors as reflected by increasing gen-
eration times (Fig. 1). Results indicate that the effec-
tiveness of PS as an antimicrobial surface treatment
attributed to increasing levels of PS by 2.0%.

pH values

pH of the pork tender-loins significantly (P < 0.05)
increased initially due to PS (Table 3). All pH values of
pork tender-loins treated with PS gradually increased by

Table 3. pH values' on refrigerated (4°C) pork tender-loins treated with different levels of potassium sorbate (PS)

Storage time Log CFU/g
(days)
Treatment 0 3 6 ?
Control 5.56+0.01° 5.64+0.01° 5.8940.02° 62140.11°
0.5% PS%/15 rpm 6.04£0.02* 6.02£0.02* 6.10£0.01* 6.051+0.02*
1.0% PS/15 rpm 6.06+0.01* 6.07£0.02° 6.08 £0.02* 6.09x0.01*
1.5% PS/15 rpm 6.09+0.02* 6.05+0.03* 6.09x0.02° 6.11£0.02°
2.0% PS/15 rpm 6.09£0.03* 6.08£0.01° 6.06£0.02* 6.06£0.02*

*Mean+ SD within the same column with different superscripts are significantly different (P < 0.05).

Table 4. Odor values* on refrigerated (4°C) pork tender-loins treated with different levels of potassium

sorbate (PS)

Storage time Log CFU/g
(days)
Treatment 0 3 6 i
Control 5.001+0.32° 4.60+0.25° 3.8010.20° 3.60+0.25°
0.5% PS¥15 rpm 5.60 = 0.40% 520+037° - 5.00£0.55* 4.60+0.25*
1.0% PS/15 rpm 5.40+0.25% 520x0.20° 4.601£0.25° 4.60+0.40°
1.5% PS/15 rpm 6.0010.45° 540+0.25* 5.00£0.32 3.20%0.20°
2.0% PS/15 rpm 5.60+0.68 4.80+0.49° 4.80%0.49° 3.60+£0.25°

*Mean = SD within the same column with different superscripts are significantly different (P < 0.05).

Table 5. Appearance values* on refrigerated (4°C) pork tender-loins treated with different levels of potassium sorbate PS)

Storage time Log CFU/g
(days)
Treatment 0 3 6 9

Control 5.40+0.40 4.60+0.25° 4.40+025° 3.80+0.20°

0.5% PS¥/15 rpm 540+ 0.60° 5.40+0.40% 4.40+0.40 420+037
1.0% PS/15 rppm 6.60+0.40% 5.60+0.40® 4.80£0.49% 4.80£0.20°
1.5% PS/15 rpm 7.40%0.51° 6.80£0.20° 520+0.37 420+0.58
2.0% PS/15 rpm 7.60+0.25° 6.20+0.20 5.40+0.25° 4.60+025

*Mean = SD within the same column with different superscripts are significantly different (P < 0.05).
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storage of 6 days at 4°C. However, pH values of pork
tender-loins treated with PS during storage of 9 days at
4°C were no significant difference (P < 0.05) compared
to those of controls. Results showed that pH values relat-
ing PS had no direct antimicrobial effect on the reduc-
tion of aerobic food spoilage bacteria on pork tender-
loins. Mendonca ef al.” have shown that treatments of
phosphate blend-PS combinations or its alone increased
pH values in refrigerated pork chops. They suggested
that the microbiological effects of treatments were a
relationship with solution uptake, exudate, and pH of
phosphate blend by pork chops. Moreover, Kim and
Hearnsberegr® noted that the pH values on catfish fillets
treated with 0.5% (w/w) PS alone or 0.25% PS com-
bined with both 0.50% sodium acetate and 2.5% lactic
acid cultures (Lactococcus lactis ATCC 19257) drop to
6.40 in 9 days at 4°C. They suggested that the anti-
microbial effects of PS and other chemicals did not
appear to be due to pH values.

Sensory analysis
Sensory data of pork tender-loins treated in 0.5-2.0%

(w/w) PS for 10 min are shown in Table 4 and 5. Sen-
sory scores indicated that PS treatments were in the
"liked less to typical" category in odor and appearance
compared to the fresh controls. Odor and appearance
scores were statistically distinguishable (P < 0.05) from
1.5% PS treatments at initial day. Appearance scores
were significantly lower (P < 0.05) from 0.5-2.0% PS
treatments during storage of 9 days. Refrigerated pork
tender-loins treated with 0.5-1.0% PS were quite close in
odor and appearance scores to fresh controls through the
storage time. Similarly, Kemp et al.” have shown that PS
had no effect on yield but dry PS generally improved
panel scores in boneless pork hams. The sensory data
indicate that PS concentrations up to 1.0% could be used
on refrigerated pork tender-loins without contributing a
typical chemical odor and discoloration.
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