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Abstract

The influence of acetic acid (AA) dips on aerobic plate counts (APC), gram-negative bacterial counts (GNC), pH, and sen-
sory tests of pork hams was studied during storage at 4°C. Pork hams were treated by dipping in 0.5~3.0% (v /v) AA for 0~3
min, Treatments of 1.0 - 3.0% AA for 3 min completely (P<0.05) inhibited the GNC for 12 days of storage. Treatments of 3.
0% AA for 3min completely (P<0.05) inhibited the APC for 12 days of storage. Treatments with 1.0~3.0% AA for 0 - 3 min
prolonged the microbiological shelf-life to 12 days of storage. Sensory evaluations of pork hams treated with acetic acid were

liked less than the fresh controls due to acidic odor and whitness.
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Introduction

Refrigerated meat can be unsafe for consump-
tion because of the growth or presence of meat
spoilage and pathogenic bacterial®®. Aerobic
meat spoilage bacteria in refrigerated food can
keeping quality and microbiological
shelf-life’*!® Organic acids such as acetic, lactic,

reduce

and citric acids, either individually or combined,
could be used to controlling undesirable microor-
ganisms on refrigerated meat and fish%1¢13161819),
Acetic acid has antimicrobial properties due to
the undissociated acid molecules as well as the
dissociated molecules*!®, Gram-negative bac-
teria was the majority of psychrophilic meat spoil-
age bacteria®, which was normally more sensitive
than gram-positive bacterial*'®, Previous work in
our laboratories showed that catfish fillets treat-

ed with 3.0% acetic acid for 30~60 sec were
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more effective to suppress the growth of aerobic
microorganisms than those of 3.0% lactic acid!V.
Furthermore, the duration of dipping was more
influential in inhibiting microbial growth than
was the amount of acid. Acetic acid on an equim-
olar basis has generally greater antimicrobial ac-
tivity than other organic acids®'’, Several resear-
chers!'®? reported that sanitizing meat and fish
surfaces with organic ascids cause sublethal in-
jury or death to undesirable microorganisms. The
degree of injury varies with type and concen-
tration of acid, microbial species, product, and
storage condition,

Although most research on effects of organic
acids has been focused on surface treatments of
fresh meat™!®, there are limited published reports
on the use of AA as meat preservatives for refrig-
erated pork hams. The objective of the present
study was to evaluate the microbiological shelf-li-



Vol. 9, No. 4(1996)

fe, odor, appearance, and pH of pork hams treat-
ed with acetic acid for storage at 4°C.

Materials and Methods

1. Sample preparation

Fresh pork hams were purchased from a com-
mercial source less than 8h postmortem, transpor-
ted on ice to laboratory, and used within 3h. The
pork hams were cut into 3.5 Cm X 3.5 Cm squar-
es at meat laboratory in the Chonnam National
University. For each treatment, 1 Kg of pork
hams (average weight 25g per pork ham) were
submerged in 1 L tap water with appropriate
amounts (v /v) of acetic acid(AA) (Moo Jang
Ya Chemical Co, Japan). Duplicate experimental
trials consisted of the following chemical treat-
ments : (1) 0.5~3.0% AA dipping for 30 sec, (2)
0.5~3.0% AA dipping for 1 min, (3) 0.5~3.0%
AA dipping for 2 min, (4) 0.5~3.0% AA dipping
for 3 min. Treated pork hams drained on a sanitiz-
ed stainless-steel grill for 2 min at room tempera-
ture, Control pork hams not treated with AA
were dipped in 1 L tap water for required times
and drained for 2 min to compensate for possible
physical removal of bacteria and for moisture up-
take. After dipping, pork hams were placed indi-
vidually into plastic bags (Clean Zipper bags,
Clean Wrap Co, Busan), stored at 4C, and re-
moved for analysis at 3 day intervals thereafter.

2. Microbiological analyses

Each pork hams was weighed and 0.85%
(w/v) NaCl was added to make a 1 : 1 dilution
(w/v). Samples were shaken for 50 times using
standard rinse method?. Aerobic plate counts
(APC)
(GNC) were determined by spread platings on
standard plate count agar (Difco, Detroit, MI)
and MacConkey agar (Difco, Detroit, MI), re-
spectively, which were incubated at 30C for 48
h. The number of bacteria was expressed as
Logl0 CFU /g. Mean values were reported of
duplicate platings of each sample, Growth rate of

and gram-negative bacterial counts

bacteria, expressed as generation times, was de-
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termined using a procedure of Marshall and
Schmidt?. Two points on the logarithmic growth
phase of each curve were used in the calculation,

Generation time (GT) = (0.301(T, — Tv))/
(Log P, ~ Log P,), where : T, = time of P,, T,
= time of P,, P, = CFU/g at T, and P, =
CFU /g at T

3. pH values

pH of pork hams was measured with standardiz-
ed pH meter (Beckman ZeromaticR IV, Model
34, Irvine, CA) using a flat type surface elec-
trode. Mean pH values were reported as the av-
erage of quadroplicate readings for each dupli-
cate pork ham.

4. Sensory evaluation

Sensory evaluation of pork hams was perfor-
med by a ten member trained panel. Odor and ap-
pearance of uncooked pork hams were evaluated
during storage. Treated pork hams were judged
against fresh control pork hams (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 hams also were stored at
4°C for comparison against fresh control and treat-
ed pork hams. For each treatment, duplicate
pork hams per sampling day were analyzed.

5. Statistical analyses

Two replications of each trial were performed.
APC, GNC, pH, and sensory data were analyzed
using ANOVA and means were seperated by LSD
at a probability level of 0.05'.

Results and Discussion

1. Microbiological changes

Increasing acid contrations from 1.0% AA to 3.
0% AA at dipping times of 30~60 sec were more
influencial in inhibiting microbial growth than
was the controls (Fig. 1 and 2). Lag phase in-
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creases of aerobic spoilage bacteria at treatments
of 2.0~3.0% AA were observed for 9 days of stor-
age. After 12 days at 4, APC in treatments
with dipping in 3.0% AA for either 30 or 60 sec
was higher than initial control samples by 1.3 and
1.5 log cycles, respectively. The meat industry
generally considers that spoilage occurs when the
total aerobic plate count (APC) reaches 106
to 107 CFU /g. Microbiological shelf-life of pork
hams treated with 1.0~3.0% AA for 30~60 sec
could be extended by 12 days of storage.

The duration of dipping was influential as
much as amount of AA (Fig. 3 and 4). Results in-
dicate that treatment of 0.5~3.0% AA for 2~3
min reduced (P<0.05) initial microbial numbers

immediately following dipping in acids by 0.7 ~1.
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Fig. 1. APC of refrigerted (4C) pork hams
treated with 0.5~3.0% acetic acid (AA) for 30 sec.
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Fig. 2. APC of refrigerated (4C) pork hams
treated with 0.5~3.0% acetic acid (AA) for 1 min.
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7 log cycles. When pork hams were treated with
3.0% AA for 3 min, APC was completely (P<0.
05) inhibited for 12 days of storage. Treatments
dipped with 2.0~3.0% AA for 2~3 min effective-
ly (F<0.05) reduced APC by about 2 log cycles
compared to the controls after 12 days of storage.
Results show that treatment of 3.0% AA caused
the greatest reduction in APC, there was no sig-
nificant (P>0.05) difference between 2.0% AA
and 3.0% AA treatments after dipping for either
1 or 2 min. Kim et al.¥ noted that when citric
acid was used to pork loins, treatments of 2.0%
citric acid dipped for 5 min reduced the APC by
0.8 log cycles more than did the controls after 12
days of storage. Ray'¥ noted that antimicrobial
effects of organic acid related to the type and
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Fig. 3. APC of refrigerated (4C) pork hams
treated with 0.5~3.0% acetic acid (AA) for 2 min.
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Fig. 4 APC of refrigerated (4TC) pork hams
treated with 0.5~3.0% acetic acid (AA) for 3 min.
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concentration of acids, and the product and stor-
age condition. He reported that organic acids
would sublethally injure bacteria on meat sur-
face. The data in Fig. 5 show that treatment
after dipping in 0.5~3.0% AA for 3 min effectiv-
ely (0.05) reduced GNC for 12 days of storage at
4. All treatments completely inhibited (P<0.

05) the growth of gram-negative bacteria for stor-

age at 4, while GNC in untreated pork hams
rase about 1.3 log cycles in the same period. Res-
ults indicate that gram-negative bacteria are sen-
sitive to AA, when exposure times in AA increas-
ed by 3 min, even in the low concentration of AA
by 0.5%. Increasing dipping time in 0.5~3.0%
AA solutions for 1 min significantly increased
(P<0.05) generation times (GT) (Fig. 6). GT of
control and 0.5~3.0% AA treatments for 1 min
were 14,9 h, 18.1 h, 24.7 h, 32.0 h, and 33.2 h, re-
spectively. Results indicate that most aerobic
spoilage microorganisms subjected to AA and
were prone to death and sublethal injury, with in-
creasing exposure times and acid concentr-
ations®101L1319) - Angther notable obserbation rel-
ates to the 9 day lag phase extension of microbial
growth on all treatments after dipping in 0.5~3.
0% AA for 2~3 min,

2. Changes in pH

pH of pork hams after dipping AA declined
(P<0.05) immediately by 0.5 to 0.7 log cycles
compared with the controls (results not shown).
Although the pH increased after 3 days, this is
marginal for inhibiting growth of psychrotropic
Other
that antimicrobial effect of weak acids was due

pseudomonads®, researchers®®2’  noted
to the presence of undissociated molecules as
well as dissociated molecules.

3. Sensory Evaluations

Sensory data of pork hams dipped in AA for 60
sec are shown in Table 1 and 2. Sensory scores
indicate that treated pork hams were in the “lik-
ed less” to “typical” catogery in appearance and
odor compared with fresh control pork hams. Dur-
ing storage at 4%, typical comments were that
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Fig. 5. GNC of refrigerated (4C) pork hams
treated with 0.5~3.0% acetic acid (AA) for 3 min.
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Fig. 6. Generation times (GT) of aerobic spoil-
age bacteria on refrigerated (4C) pork hams treat-
ed with 0.5~3.0% acetic acid (AA) for 1 min.

treated pork hams were acidic odors or vi-
negar-like odor. Typical appearance comments
were gray or white appearance. It was found that
when AA was used at a concentrations greater
than 2.0% or for longer exposure times than 1
min, there was some evidence of the muscle by
the acid. Similarly, Reynolds and Carpenter'® and
Mendonca et al.'¥ have reported that discolora-
tion of meat surfaces after dipping or spraying
with 1.0~3.0% acetic or lactic acids, Cacciarelli
et al.* reported that if the discoloration could be
prevented, acetic acid would be useful in extend-
ing the shelf-life of pork loins. However, when
the surface of pork hams is coated with batter
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Table 1. Mean odor scores of pork hams treated
with acetic acid(AA) during storage at 4°C

Storage time(days)

Treatment —

0 3 6 9 12
Fresh control 5.0 5.0¢ 5.0° 5.0 5.0°?
0.5% AA 3.84° 4.84* 3.67° 3.67° 3.17°
1% AA 433 4.0° 3.67° 384> 3.0°
2% AA 3.84° 4.0° 367° 35 283

a,b,c : Means in the same column with different sup-
erscripts are significantly different (P<(.05)

Table 2. Mean appearance scores of pork hams
treated with acetic acid(AA) during storage at 4C

Storage time(days)

Treatment

0 3 6 9 12
Fresh control 5.0 5.0 5.0° 5.0° 5.0
0.5% AA 3.34 3.5 4.0° 3.83 25°
1% AA 4.0° 4.0° 35 4.0® 3.0°
2% AA 3.84>  4.0° 3.0° 3.33% 267
a,b,c : Means in the same column with different sup-

erscripts are significantly different (P <0.05)

and breading prior to cooking, the discoloration is
believed to have little detrimental effect on con-

sumer appeal®,
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