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ABSRACT — The effects of acetic acid (AA) on aerobic plate counts (APC), gram-negative bac-
terial counts (GNC), and generation time (GT) in chicken wings stored at 4°C were assessed.
Chicken wings were treated with 0.5~1.5% (v/v) AA at exposure times of 5 min. Treatments
of AA for 5 min significantly (P<0.05) reduced aerobic plate counts (APC) and gram-negative
bacterial counts (GNC) on the surface of chicken wings for 8 days, respectively. After 4 days
of storage, treatments of 1.0% AA and 1.5% AA for 5 min completely (P<0.05) inhibited APC
and GNC compared to initial controls. Based on these results, treatments of 1.0% AA and 1.5
% AA for 5 min prolonged the microbiological shelf-life for 8 days compared to those of 0.5%
AA and the controls. All treatments of AA increased the lag phase and GT of aerobic microo-

rganisms.
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Microbiological safety of poultry products is mainly due
to the growth of aerobic spoilage bacteria and foodborne
pathogens during storage and handling.'”***'"'*® Extended
storage under refrigerated temperature without any suitable
preservatives in refrigerated foods can allow aerobes to
grow and among those organisms gram-negative bacteria
are the most indicative.»**'"”

Recently various organic acids have been utilized in a
manner to inhibit growth of those aerobes on the surfaces

of fresh meat and meat products at the retail level.**'"'"'%19

Several researchers™ "2

suggeated that decontamination
of refrigerated meat and fish with undesirable microorg-
anisms was highly dependent on the concentration, type,
and exposure times of acidulant used.

Hardin e al.” noted that beef carcasses surfaces treated

with 2% lactic or acetic acid spray significantly reduced fe-

' Author to whom correspondence should be addressed.
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cal microorganisms. Previous work” in our laboratories
found that pork loins treated with 1~2% citric acid sig-
nificantly reduced aerobic spoilage bacteria during storage
at 4°C. Dickens et al.” found that gram-negative bacteria in
poultry carcasses dipped in 0.6% acetic acid have a higher
susceptibility or death rate than gram-positive bacteria due
to the decrease in pH. Kim et al.” noted that catfish fillets
treated with either 2% lactic acid or 3% lactic acid for 1 or
5 min significantly reduced gram-negative bacterial counts
for 9 days at 4°C.

Studies™'“'” have shown that acetic acid on an equimolar
basis has generally greater antimicrobial activity than other
organic acids.
ef-
there are

an antimicrobial
3.4.10,17,18)

Although organic acids have
fectiveness on fresh meat and its product,
limited studies on the effects of acetic acid in refrigerated
chicken wings. Our objective was to determine the bac-

tericidal effectiveness of acetic acid in chicken wings for
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storage at 4°C.
MATERIALS AND METHODS

Chicken preparation and treatments

Fresh chicken wings were obtained from commercial
source, transported to the laboratory on ice and used within
2 hr. For each treatment, six hundred gram of chicken
wings (average weight 25 g per wing) were washed under
running cold tap water to remove surface dirt and debris.
Each chicken wings was submerged in 2L of 0.5~1.5% (v/
v) AA (food grade acetic acid, Sae Won Chemical Co.,
Korea) for 5 min, and drained on a sanitized staineless-
steel grill for 2 min. Controls were dipped in 2L tap water
only for 5 min to compensate for possible physical removal
of bacteria and for moisture uptake. Treated chicken wings
were packed in groups of 4 in large Whirl-Pak bags (Fisher
Chemical Co., USA), respectively. The bags were closed
and stored at 4°C. Samples were removed from storage at

appropriate times for analyses.

Microbiological analysis

The Whirl-Pak bags were removed one by one from re-
frigerator. Each chicken wing was weighed, 0.1% (w/v)
sterile peptone water was added to make a 1:1 dilution (w/
v), which was shaken 60 times.” The liquid from each sam-
ple was diluted and plated in volumes of 0.1 m/ on plate
count agar (Difco Laboratories, Detroit, MI) for aerobic
plate count (APC) and MacConkey agar (Difco) for gram-
negative bacterial count (GNC), respectively. The plates
were incubate for 48 hr at 30°C before colonies were count-
ed. The number of bacteria was expressed as mean Log,,

CFU/g for the duplicate treatments.

Calculation of growth curves

The growth rates of aerobes were determined using the
following 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,

Statistical analyses

APC, GNC, and GT were analyzed using ANOVA, and
means were seperated by the least significant difference test
at P<0.05."”

RESULTS AND DISCUSSION

APC and GNC of chicken wings treated with 0.5~1.5%
AA were significantly lower (P<0.05) than water-only con-
trols during storage at 4°C (Table 1). Treatments of 1.5%
AA for 5 min were effective in lowering (P<0.05) the in-
itial level of APC and GNC by 1.3 and 1.5 log units com-
pared to controls, respectively (Table 1 and 2). Chicken
wings treated with 1.0~1.5% AA for 5 min completely (P
<0.05) inhibited growth of aerobes for 4 days of storage,
while in the controls were rapidly spoiled as evidenced by
microorganismal growth (Table 1). After 8 days of storage,
treatements of either 1.0% AA or 1.5% AA for 5 min al-
lowed growth of aerobes by 0.3 and 0.1 log units, respec-
tively. Results indicate that increasing concentration of AA
by 1.5% was strongly inhibitory against the growth of
aerobes in chicken wings. Aerobic microorganisms sub-
jected to AA were prone to sublethal injury and/or death
while being retained in AA.*® Visser et al'” noted that
veal calf tongues treated with 2% L-lactic acid before vac-
cum-packaged had an inhibitory effect on the growth of
mesophlic aerobic bacteria for 14 days at 2 or 4°C. Wool-
thuis and Smulders'™ reported that an extended lag phase
resulting from acid injury in calf carcasses treated with lac-
tic acid may result in a longer storage life.

Spoilage of chicken meat generally occurs when APC
reach 10" CFU/g or greater. Thus, microbiological shelf-life
of chicken wings treated with either 1.0 or 1.5% AA for 5

Table 1. Changes of APC in refrigerated (4°C) chicken
wings treated with different concentrations of acetic acid
(AA) for 5 min

Storage day Log CFU/g
Treatment 0 day 4 day 8 day
Control 5.94° 6.95° 8.50°
0.5% AAY/S min 5.14° 6.07 7.31°
1.0% AA/5 min 4.85" 5.28° 6.25°
1.5% AA/5 min 4.62° 4.78° 6.00°

AA'=acetic acid.
“*Counts within the same column with different superscripts
are significantly different (P<0.05).
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Table 2. Changes of GNC in refrigerated (4°C) chicken
wings treated with different concentrations of acetic acid
(AA) for 5 min

Storage day Log CFU/g
Treatment 0 day 4 day 8 day
Control 5.63" 6.54" 8.19°
0.5% AA'/5 min 461" 5.28" 7.40°
1.0% AA/5 min 429" 4.80" 6.00°
1.5% AA/S min 4.15° 4.00° 5.80°

AA'=acetic acid.
“ICounts within the same column with different superscripts
are significantly different (P<0.05).

min would be 8 days, respectively, than untreated chicken
wings.

Treatments of either 1.0% or 1.5% AA for 5 min in-
creased GNC by 0.37 and 0.17 log units during storage of 8
days, respectively, compared to initial controls (Table 2).
Chicken wings treated with 0.5~1.5% AA for 5 or 10 min
completely inhibited growth of GNC during storage of 4
days, compared to initial controls. Treatments of both 1.0%
and 1.5% AA significantly (P<0.05) reduced GNC during
storage of 8 days compared to those of 0.5% AA and con-
trols. Results indicate that microbial spoilage of chicken
wings is mainly caused by gram-negative bacteria. Sim-
ilarly, Ray and Sandine' noted that gram-negative bacteria
were normally more sensitive to lower pH than gram-po-
sitive bacteria. During 8 days of storage treatments of AA
had a significant (P<0.05) effect on preventing the growth
of aerobes, gram-negative bacteria were most indicative.
Dickens et al.” reported that gram-negative bacteria have a
higher susceptibility or death rate due to the sharp decrease
in pH caused by the introduction of the acetic acid in pro-
cessed poultry carcasses. Similarly, Lee et al."” noted that
pork hams dipped in 0.5~3% AA for 3 min effectively
reduced GNC for 12 days at 4°C. They reported that gram-
negative bacteria are sensitive to AA, when exposure times
in AA increased by 3 min, even in the low concentration
of AA by 0.5%.

Chicken wings treated with AA for 5 min had GT high-
er (P<0.05) than controls during storage at 4°C (Fig. 1).
Treatments of 1.5% AA increased GT by approximately
19.3 hr and 15.3 hr compared to the controls and treat-
ment of 0.5% AA, respectively. There was no significant
(P>0.05) difference between 1.0% AA and 1.5% AA.

Generation time (hr}

Control
0.5% AA/S min
1.0% AA/S min
7 1.5% AA/S min

o + 1
Antimicrobial agent
Fig. 1. Generation time (GT) of aerobic spoilage bacteia
in refrigerated (4°C) chicken wings treated with
different concentrations of acetic acid (AA) for §
min.

** Bars with different superscripts are significantly dif-

ferent (P<0.05).

Results suggested that the effectiveness of AA as an an-
timicrobial surfece treatment attributed to increasing levels
of AA by 1.5% when chicken wings were dipped in AA.
Previous work in our laboratories'® found that GT of aero-
bic microorganisms in pork hams treated with 0.5% acetic
acid for 1 min was not significant difference (P>0.05) com-
pared to control. They noted that GT in pork hams treated
with 1.0~3.0% acetic acid for 5 min was higher than con-
trol and 0.5% acetic acid treatment. Similarly, Marshall
and Kim'” noted that catfish fillets dipped in either 3% a-
cetic acid or 2% acetic acid and 2% lactic acid for 30~ 60
sec increased GT and extended shelf-life to 16 days dur-

ing storage at 4°C. Other researchers'>'*'®

suggested that
organic acids had antimicrobial properties due to the pres-
ence of undissociated molecules as well as dissociated

molecules.
CONCLUSIONS

Microbiological spoilage of refrigerated chicken wings
was mainly dependent on the growth of gram-negative bac-
teria. Antimicrobial activity of AA on aerobic mi-
croorganisms enhanced by increasing concentrations of the
acid during storage at 4°C. Treatments of 1.0~1.5% AA
for 5 min effectively inhibited APC and GNC in chicken
wings during storage at 4°C and should be considered as a
potential method for shelf-life extension.
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