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Inhibition of Vibrio vulnificus in Oysters using Organic Acids
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Abstract

The number of Vivrio vulnificus strain 29307 was assessed for oysters treated with acetic, lactic, citric,
and alginic acids during storage at 15C. When oysters were dipped with 0.5% acetic, 0.5% lactic, or
0.5% citric acids for 3 min, V. vulnificus was not detected after 4 days of storage. V. vulnificus in the trea-
tment of 3% alginic acid (AL) containing 2% acetic acid (AA) was not detected after 2 days of storage,
while it was isolated in the controls for 4 days of storage. Based on these results, the combination of AL
and AA was more effective for preventing the growth of V. vulnificus in oysters than the treatments of

the acid alone.
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INTRODUCTION

Vibrio vulnificus 1s a human pathogen capable of
causing death in humans, which have been found
in estuarine waters, sediments, and shellfish**%
18! This pathogen in shellfish grew rapidly during
storage in the summer and temperature abuse,
and it was found to survive for at least 6 days in
shucked oysters under refrigeration**””’ The or-
ganism 1s a gram-negative bactreia that typically
results from infection of a wound, frequently of
oyster and fish origin®.

The use of food preservatives such as acetic,
lactic, and citric acids as antimicrobial surface
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sanitizer of fresh fish and meat has been rep-
orted!67101L1318)  The acids are known as a Gen-
erally Recognized as Safe (GRAS) substances in
the United States, which has received approval
for use as a preservative of fish and meat®. Or-
ganic acids could be used to controlling gram-neg-
ative bacteria on refrigerated fish and meat, whic-
h could be applied to suppress the growth of this
organism in fish and oyster®™. Studies have
shown that sanitizing fish and meat surfaces with
organic acids cause sublethal injury or death to
aerobic spoilage bacteriat®®'¥ In previous stud-
y, Marshall and Kim!V noted that catfish fillets
treated with acetic and lactic acids prolonged
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microbiological shelf-life to 12 days at 4C. Ander-

son and Marshall? noted that when a mixture of
2% acetic, 1% lactic, 0.25% citric and 0.1% ascor-

bic acids was applied to beef core samples of mus-

cle inoculated with bacteria, resulting in reduc-
tions in counts of about one log umt for aerobic
bacteria.

Little published information is available to pre-
vent on the growth of V. vulnificus in oysters,
which 1s the effects of acetic, lactic, citric, and
alginic acids. The objective of this study was to
assess the antimicrobial effect on the growth of
V. vulnificus in oysters treated with those acids
during storage at 15C.

MATERIALS AND METHODS

1. Vibrio vulnificus and growth

V. vulnificus strain 29307 were obtained from
National Institute of Health in Kwang Ju. The
cultures were maintained in trypticase soy agar
(Difco Laboratories, Detroit, MI), and propagat-
ed in Brain Heart Infusion (BHI-salt, BBL) brot-
h with 3.0% NaCl at 37°C for 24 hr. The suspen-
sion was diluted with 1.0%(w /v) peptone water,
The concentration of cells was estimated against
a standard curve by absorbance readings at 550
nm using spectrophotometer (Model, Beckman
BUR 650 spectrophotomer). The enumeration of
V. vulnificus was confirmed by duplicate plate
counts on thiosulfate-citrate-bilesalts-sucrose
(TCBS, Difco) agar”,

2. Preparation of oysters

Fresh oysters(Crassostrea gigas) were obtained
from commercial source, transported to Seo Kang
College on ice, and used within 2 hr of collection.
For each treatment, 1kg of oysters were washed
under running cold tap water to remove surface

dirt and debris. Each two hundred gram of oyster-

s was then placed in an stainless steel grill for 5
min and submerged in 1 L tap water with 0.5% of
acetic, lactic, and citric acids, respectively.

For preparation of the sodium alginate solution
(3%, w/v), 3 g of sodium alginic acid(Sigma
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Chemical Co, USA) were dissolved in 100ml of
tap water heated up to 80<¢, left to stand for 30
min to allow air bubbles to escape, and then aut-
oclaved for 10 min at 121°C. Thirty gram of the
alginates were put into the plastic container in
the size of 7x10cm, The container were placed
into the refrigerator adjusted to 15C for com-
pletion of the process of gel formation ranging to
2mm in diameter for 15 min, Ninty milliliter of
tap water were added to the container coated
with the alginate gel and then two hundred gram
of oysters were put into the container, Duplicate
experimental trials consisted of the following
treaments .

(1) Oysters were dipped in 0.5%(v /v) acetic
acid(AA: Sae Won Chemical Co., Korea) for 3
min, 0.5% (v /v) lactic acid(LA:; Moo Jang Ya
Chemical Co., Japan) dip for 3 min, and 0.5%
(w/v) citric acid(CA; Dong Yang Gloval Chemi-
cal Co., Korea) dip for 3 min. (2) Oysters were
dipped in 0.5% AA for 1~5 min. (3) Oysters
were placed into the containers coated with thir-
ty gram of 3.0% alginate gel with or without 2%
AA containing 90 ml of tap water. Two hundred
gram of each oysters placed into the plastic con-
tainer in the size of 7X10cm were covered with
the Clean Wrap (Clean Wrap Co, Korea), and
then stored at 15%C. The number of V. vuinificus
was determined on samples from each treatment
at 2 day intervals.

3. Microbiological analyses

Duplicate 25g samples from each oysters treat-
ed with the acidulants were inoculated with ap-
proximately 10°~107 cells /ml of V. vulnificus. An
additional 25g samples treated with tap water
only were analyzed as the controls. The samples
were blended for 2 min, serially diluted in 1.0%
(w/v) sterile peptone water, and then streaked
onto of the TCBS agar using 0.1ml of each di-
lution™™_ Inoculated plates of TCBS agar were
incubated at 37C for 24 hr, respectively, On
TCBS agar, typical colonies of V. vulnificus were
green, and 1~2 mm in diameter, The number of
V. vulnificus was expressed as Log,,CFU /g.
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4. Stastistical analyses

The average number of V. vulnificus was calcul-
ated for each replicate determination. All data
were analyzed using ANOVA and means were sep-
erated by LSD at a probability level of 0.05'",

RESULTS AND DISCUSSION

During this study, V. vulnificus strain 29307 was
affected by the type and exposure time of acid-
ulant used. The effect of different acidulant on
the numbers of V. vulnificus containing 1.0x
10° /ml viable cells is shown in Table 1. On day
2, treatment of 0.5% AA for 3 min reduced V. vul-
nificus by 0.6 log units compared to the initial con-
trols. Samples treated with 0.5% AA for 3 min
were a significant lower levels(P < 0.05) of V. vul-
nificus compared to those of CA and LA. On day
4, samples treated with the acids proved ad-
equate to reduce V. vulnificus to a non-detectable
level. However, V. vulnificus in control oysters
was lowered by 2.2 log units compared to the in-
itial controls after 4 days at 15°C. Results showed
that the highest level of antimicrobial activity
was observed in AA treatments, Similarly, stud-
ies have shown that AA on an equmolar basis
generally has greater antimicrobial activity than
other organic acids>!#1

On day 0, V. vulnificus containing 2.0x10* /ml

Table 1. Changes in counts of V. vulnificus
strain 29307 in oysters treated with different acid-
ulants during storage at 15C

\torage day

Log CFU / g
Treatment () day 2 day 1 day
Control 5.24° 7.78° 3.0
% AA' /3 min 5.37° 4.61° ND
5% LA? /3 min 5.62% 5.02° ND
['00 CA? /3 min 5.63° 5. 0,,, ND

AA' = acetic ac1d L,AZ = lactic ac1d CA* = citric

acid.

#b Counts within the same column with different sup-
erscripts are significantly different(P < 0.05).

¢ ND = not detected.

Table 2. Changes in counts of V. vulnificus
strain 29307 in oysters treated with different ex-
posure time of acetlc acld durmg storage at 15¢C

Log CF U '8
Freatment () day 2 day 4 day
Control 3.30¢ 7.22% 3.40
0.5% AA'/1 min 2.75° 4.66° ND
0.5% LA?/3 min 2.45° 3.29¢ ND
0.5% CA?* /5 min 2.50° 2.40° ND

AA' = acetic acid, LA? = lactic acid, CA? = citric

acid.

a¢ Counts within the same column with different sup-
erscripts are significantly different(P < 0.05).

4 ND = not detected.

Table 3. Changes in counts of V. vulnificus
strain 29307 in oysters treated with alginic acid,
either alone or combined with acetic acid during
storage at 15C

\ Storage day

Log CFU /g
Treatment \ () day 2 day 4 day
Control 6.06% 6.31% 5.12
3 AL 4.84° 5.76° ND
3% AL/ / z% AA? 4, 52h ND ND

AL' = alginic acid, 2 == acetic acid.

#b Counts within the same column with different sup
erscripts are significantly different(P < 0.05).

“ND = not detected.

viable cells was reduced about 0.75~0.80 log unit-
s in oyster treated with 0.5% AA for 3~5 min
(Table 2). On day 2, V. vulnificus was reduced 1.0
log units in oysters treated with 0.5% AA for 5
min. After 4 days at 15T,
treated with 0.5% AA for 1~5 min was not det-

V. vulnificus in oysters

ected, whereas in the control was 3.4 log units,
Results indicated that the reduction rate of V.
vulnificus depended on the exposure time of acid.
Marshall and Kim'" and Kim et al.”’ noted that
aerobic spoilage bacteria in refrigerated(47C) cat-
fish fillets subjected to AA and /or LA were pron-
e to sublethal injury and /or death, with inhibi-
tory effects increasing with increasing exposure
time. Furthermore, the duration of dipping was
more influencial in inhibiting microbial growth
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than was amount of acid.

V. vulnificus in ovsters treated with 3.0% AL
and 2.0% AA were not detected after storage of
2 days at 15C(Table 3). On day 0, samples treat-
ed with either AL or AL combined with AA were
lower levels (P < 0.05) of V. vulnificus by approx-
imately about 1.0 log unit compared to the con-
trols. On day 2, V. vulnificus in samples treated
with AL only was detectable, whereas after 4
days, in treatments of AL only was not detect-
able. Results showed that antimicrobial activity
of the acidulants was enhanced when it was com-
bined with AA and AL. The combined treatmen-
ts could increase antimicrobial activity by an ad-
ditional 2 days compared to the treatments of
AlL. Hence, inhibitory results in our study were
likely due to pH and to the specific action of AA
and ALY,

orted that antimicrobial activity of organic acids

Similarly, Marshall and Kim' rep-

can be increased when combined with other pres-
ervatives. They observed that refrigerated(4¢)
catfish fillets treated with 2% AA and 2% LA
prolonged microbiological shelf-life to 4 additional
days compared to those of 4% LA.

CONCLUSION

Results of this investigate demonstrated that
treatments of AA were more effective than those
of either LA or CA in suppressing V. vulnificus on
oysters during storage at 15C. Treatments of AL
combined with AA were more effective than thos-
e of AL in suppressing V. vulnificus. Results show
that the acids should be considered as a potential
antimicrobial preservative for preventing on the
growth of V. vulnificus in oysters,
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