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Abstract

The effects of 0.5~1.0% acetic acid, 0.5% lauric acid, or 0.5% monolaurine against Fibrio cholerae non
01 in flatfish strips stored at 15°C were assessed. Control strips were dipped in distilled water only for 3
min. All treatments significantly (P<0.05) reduced the levels of V. eholerae at imtial day. The counts of
V. cholerae in flatfish treated with either lauric acid or monolaurine were a significantly different (P <0,
05) from those of acetic acid treatment after 2 days of storage. The counts of ¥. cholerae in treatments
of 0.5% lauric acid after dipming in 1.0% acetic acid for 3 muin were lower than those of treatments with
0.5% launc acid for 3 min afler dipping in 0.5% acetic acid for 3 min. Treatments with 0.5% monolaurine
for 3 mun were not effective in lowering (P<0.05) the counts of V. cholerae after 3 days compared to the

control,
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INTRODUCTION

Vibrio cholerae survives in seawater and fres-
hwater, which has been found in fish and shel-
ifisht®, It is transmitted by contaminated food
and water, and through infected persons, Sin-
ce this organisms is & pathogen and can grow
at refrigeration temperatures, fish and shell-
fish from refrigerated slorage cannot be a saf-
eguard against its growth!~®,

Decontarmnation of V. cholerae 15 an import-
ant critical control point which can increase
the safety and value of live fish and its prod-
ucts, Many researchers® '@ have reported that
organic aclds had an antimicrobial activity for
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preventing the growth of undesirable microor-
ganisms in fish and meat, Kim et al.% observed
that red seabream treated with a combination
of 3% alginic acid and 0.5% acetic acid caused
sublethal injury or death to Vibrio vulnificus.
Kim er al® noted that catfish fillets treated
with a combination cf lactic acid and lactic cul-
ture extended microbiological shelf-life for an
additional 3 days of storage at 4 and 10T.
However, chemical preservatives in foods
have been seriously considered for removal
from market, Fatty acids as antimicrobizal pres-
eratives have been studied to public health,
because it is naturally occurring nontoxic sub-
stances in foads®,
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Few studies have been reported on the
antimicrebial effect of fatty acids against pat-
hagenic microorganisms, Ababouch er al* not-
ed that linolenic acid was the most inhibitory
unsaturated fatty acid and lauric acid was the
most inhibitory saturated fatty acid against
Clostridium sprogenes and Bacillus cereus. Oh and
Marshasll'? noted that antilisterial effects of
glyceral monolaurate (monolaurine) have been
related to temperature and pH.

The present investigation was to study the
antimicrobial effect of acetic acid, lauric acid,
and monolaurine on the growth of V. cholerae
on flatfish during storage at 15%,

MATERIALS AND METHODS

1. Bacterial maintenance and culture

Vibrio cholerae mon {1 was maintained in
irypticase soy agar (Difco Laboratories, Det-
roit, MI, USA), and cultured in Brain Heart
Infusion (BHI-salt, BEL) broth with 3.0%
NaCl at 37C for 12hr. One ml of the suspen-
sion was withdrawn and added to a test tube
containing 9ml of sterile 1.0% (w/v) peptone
water for sequential ten-fold dilutions, which
was diluted to 10° The ceil concentration was
estimated using a standard curve by readings
absorbance at 600nm using spectrophotometer
(Madel, Beckman BU® 650 spectrophotomer),
The enurmeration of V. cholerae was coenfirmed
by duplicate plate counts on thiosulfate-cit-
rate-bile salts-sucrose (TCBS) agar (Difco
Laboratories, Detrait, MI, USA}.

2. Preparation of flatfish

Fresh flatfish strips were purchased from
commercial scurce less than Thr postmortermn,
transported to laboratory on ice, and used wit-
hin Zhr, Three treatment solutions were pre-
pared by mixing 100mi distilled water with ap-
propriate amounts of acetic acid (Sas Won
Chermcal Co., Korea), lauric acid (Sigma
Chemical Co., USA}, and monolaurine {Sigma
Chemical Co., USA), respectively. Each five
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hundred gram of strips {average weight 10g
per strip) was dipped in 500ml sanitizer for 1
or 3min. Strips were allocated to the following
(1) 0.25~1.0% (v /v)
acetic acid dipping for 1 or 3min, (2} 0~0.5%
{w/v) lawric acid dipping for 3min after 0.
5~-1.0% acetic acid dip for 3 min, {3) 0~0.5%
{w/v) monolaurine (containing 3% ethanal)
dipping for 3min after 0.5~1.0% acetic acid
dipping for 1 or 3min.

experimental trials

3. Inoculation of V. cholerae

Fifity gram samples from each flatfish were
in duplicate inoculated with lml of V. cholerae
which was diluted to approximately 4 to 5 logmw
CFU /ml. Strips were placed in Whirl-Pak
sample bags (Fisher Scientific Chemical Co.,
Norcross, GA, USA) and stored at 157,

4. Microbiological analysis

Individual strips were aseptically trans-
ferred to Whirl-Pak sample bags and weighed.
Fach samples was blended for Zmin using a
Stomacher LabBlender 400 (Tekmar, Cincin-
nati, OH, TISA), serially diluted in 1.0%
(w/v) sterile peptone water, and then streak-
ed onto the TCRS agar using ¢.1ml of each di-
lution. Inoculated plates of TCBS agar were
inoculated at 37°C for 24hr, The number of V.
cholerae was expressed as a2 mean Log, CFU /g
for the duplicate treatments.

5. Stastistical analysis

All data were analyzed using ANOVA and
means were seperated by LSD at a probability
ievel of 0,051,

RESULTS AND DISCUSSION

During sterage at 15, the bactericidal ef-
ficiency of acetic acid, lawric acid, and mon-
olaurine was tested by inoculating 10*~10° ¥i5b-
rio cholerae non (1 /ml on flatfish.

The antimicrobial effect of acetic acid on
the growth of V. cholerae containing 7.3>10°
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CEU /ml viable cells in flatfish strips is shown
in Table 1. Treatment with 0.5~1.0% acetic
acid for 3 min significantly (P<0.05) reduced
the counts of V. chelerae during storage at 15
. After 3 days of storage, the counts of V.
cholerae in the strips treated with 0.5~1.0%
acetic acid for 3 min were lower by 0.68--1.13
log units than those of control. However, the
counts of V. cholerae treated with 0.5~1.0%
acetic acid for Imin were not significantly dif-
ferent fram those of controls after 3 days of
storage, Kim et a/® and Marshall and Kim
reported that most of aerobic spoilage microor-
ganisms were sensitive to increasing levels of
acetic acid and exposure times, Similarly, in a
previous work in our laboratories®, we obser-
ved thal the counts of Fibrio vulnificus and aer-
obic spoilage bacteria on red seabream treated
with alginic acid in combination with increas-
ing levels of acetic acid were sigmficantly
influenced by their combined interaction,
Ingham” reported that catfish fillets treated
with 1.77 and 2.55% lactic acid dips signifi-
cantly reduced aerobic bacterial counts on fish
compared to untreated samples.

Treatments with 0.5% lauric acid after dip-
ping in 0.5~1.0% acetic acid for 3 min were
effective in lowering (P<{0.05) the level of J.
cholerae during storage at 15%C {Table 2). All
treatments with lauric acid after dipping in
acetic acid significantly (P<{0.05) inhibited
the growth of V. chelerae for 3 days, Treatmen-
ts with lauric acid after dipping in 1.0% acetic
acid had a lower counts of V. cholerae than
those after dipping 0.5% acetic acid. The res-
ults indicated that the antimicrobial activity
of lauric acid depended on the concentration
of acetic acid. Similarly, Marshall and Kimi
reported that antimicrobial activity of organic
acids on refrigerated catfish fillets was depen-
dent on the type and concentration of acidulan-
t used.

Treatments with 0.5% monolaurine dissol-
ved in 3% ethanol solution for 3 min after dip-
ping in 1.0% acetic acid for 3 min had a lower

LERRL DT

Table 1. Changes in counts of V. cholerae in
flatfish strips dipped in 0.5~1.0% acetic acid sol-
ution for 1 or 3 min during storage at 15T

Log CFU /g

Treatments Storage time (days)

0 1 3
Cantrol 5.86° 5.36° 2.46°
0.5% AA' /Imin 4.68° 4,628 2.46°
1.0% AA /lmin 4,790 4.74° 2,04%
0.5% AA /3min 4.86" 4.900 1.300
1,095 AA /3min 4,670 4.96° 1.78°

AA! = geetic acid. 2P Counts within the same column
wilh different superscripts are sigmficantly different
(P<0.05).

Table 2. Changes in counts of V. cholerae in
flatfish strips treated with 0.5% lauric acid dipp-
ing in combination with 0.5~1.0% acetic acid dip-
ping for 3 min during storage at 15T

Log CFU /g
Treatments Storage time (days)
0 1 3
Control .86 5.36° 2.46°

0.5% LA /3min,
0.5% AAZ? /3min
0.5% LA /3min,
1.0% AA /3min

LA'=lauric acid, AA*=—acetic acid, ND=not detected,
ab Counts within the same column with different sup-
erscripts are ssgnificantly different (P<C0.05).

3.36° 318" 0.70"

2.15° 2.30° ND

Tahle 3. Changes in counts of V. cholerae in
flatfish strips treated with 0.5% monolaurine dip-
ping in combination with 0.5~1.0% acetic acid dip-
ping for 3 min during storage at 15T

Log CFU /g
Treatments Steorage time (days)
0 1 3
Control 5.86 5.36° 2.48°

0.5% ML /3min,
0.5% AA? /3min
0.5% ML /8min,
1.0% AA /3min

ML!'=—monolaurine, AA2=acetic acid. “*Counts within
the same column with different superscripts are signifi-
cantly different {P<0,05).

4.36° 4.62° 532

4.200 4.8% 3.76°

levels of V. cholerae than those of control after
1 day of storage at 15C (Table 3), However,
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Table 4. Changes in counts of V. cholerae in
flaifish strips treated with 0.5% lauric acid, 0.5%
monolaurine, and (.5% acetic acid after dipping
for 3 min during storage at LJ“C

Log CFU /g
Treatments Storage time (days)
1] 1 2
Control 4. 84° 3.90~ 3.30¢¢
0.5%5 AA' /3min 3.400 3.63 3.15°
0.5%3 LA* /3min 2.2 2.41° 1.78°
0.5% ML?F /3min 2.16° 2.380 1.60°

AA'=acetic acid, LA*=lauric acid, ML*=monolaur-
me, ¥ Counis wilhin the same column with different
superscripts are significanlly different (P<g.05).

the antimicrobia! effect of monolaurine on the
counts of V. cholerge did not last after 3 days.
Oh and Marshall™ reported that the effect of
monelaurine on the growth and survival of Lis-
terig monocytogenss 1 tryptic scy broth with
veast extract increased as temperature increas-
ed at constant piH. At constant temperature
the bactericidal and bacteriostatic effects of
monolauring increased as the pH of the me-
dium decreased.

The antimicrohial effect of lauric acid, mon-
olaurine, and acefic acid on the mumber of ¥,
cholerae containing 6.9 10* CFU /ml viable cel-
Is in flatfish strips is shown in Table 4. All the
treatments initially were lower in the counts
of V. cholerae than control, Treatment of either
0,52 lauric acid or 0.5% monolaurine for 3 min
significantly reduced the counts of V. cholerae
duing storage at 15°C. The results indicated
that the antimicrobial activity of lauric acid
and monelaurine was greatly higher than that
of acetic acid,

Cheanbi e @' observed that monolaurine,
monornyristin, monolinelewn, and monclinolenin
inhibited cell growth from Beeillus cerens T,
Clostridium botulinum 62A. and C. sporogenes P A
3670 spores and vegetative cells. Kim e al®
found that V. vunificus in treatment of 3% al-
ginic acid containing 1.5~2.0% acetic acid
after 0.5%7 acetic acid dip for 5 min was not
detected after 2 days of storage, while treat-
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ment dipped in 0.5% acetic acid only for 5 min
reduced V. vulnificus by 1.0 log units compared
to the initial controls. They reported that
antimicrobial activity of organic acids on ref-
rigerated catfish was dependent on the type
and concentration of acidulant used. Further-
more, Ababouch er gl found that lauric acid
dissolved in 95% ethanol solution to a final con-
centration of 100mg /ml was the most inhibi-
tory of the saturated fatty acids on spores of
C. botulimmm 62A, C. sporogenes PA 3679, and
Baciilus cereus T4165 /75, They reported that
fatty acids may inhibit spore germination by
hlocking one or mere post-triggering steps, 1,
e., connecting reactions, in the germination
pracess, They reported that fatty acids inhib-
ited spore germination, possibly by binding to
spore envelopes and thus inhibiting the bind-
ing of germinants to germination sites.

Marshall and Kim™” and Anderson and Mar-
shail® reported that a cambination of acetic
acid with lactic acid was effective for increas-
ing shelf-life of fish and meat. Ch and Marshal-
| reported® that the most rapid inactivation of
the pathogen hy monolaurine occurred with
the highest temperature and lowest pH commbi-
nation, They found that bacteriostatic effects
of sublethal monolaurine concentrations incr-
eased as temperature and pH decreased. Fur-
thermore, Oh and Marshall® observed that
synergistic effects against growth of Listeria
morocytogenes when monolaurine was combined
with organic acids such as acefic, benzois, and
lactic acids.

2 o

ol B4t lauric acid, menolaurine &2 ©]2]
Zge] 2|3l AR L o] g5k 15T AT Fet Fo
o) V. cholerae®) 5= tﬂg}o}] )5l AgRe zAlE)
AT, YT SR 3 AAT AP AHga)
ok, RE ajE)atellA 24?434%5 V. cholerae 9| A+
TE 978 (P<0.05) o2 7Ekdgn M4 29
o|& lauric acid 2 moenolaurine ¢ 7= V¥
cholerae?] T8 ik glolA] 24k X259k



566 ojajd - AHA - AAE T ol o EkE) A

Ho|® xo|E VeI AT 1.0%9] 24k 38 FA
% 0.5% lauric acid 2 3% X3 A 7= 0.5%
2] ZAke)] 38 #A)E 0.5% aluric acid 2 38 FA|
st Mg B V. choleraed) Ald4E §23 (P<
0.05) 22 2Aatsr) 0.5%~1.0% o 243AF
0.5% monclaurine 2.2 3% A g A7 AF
30l o)& V. cholergeo] W& Al g7} e
Lk egir

ACKNOWLEDGEMENTS

This paper was supported by NON DIR-
ECTED RESEARCH FUND, Korea Kesearch
Foundation, 1997,

REFERENCES

1. Klontz, K. C., Wilhams, L., Baldy, L. M, and
Campos, M. : Raw oyster-associaled Fibrio infec-
tions : Linking epidemologic data with labora-
tory testing of oysters cblamed from a retzail out-
let. J. Food Pro:., 56, 977~979 (1963).

2 Kaysner, C, A, Abeytz, C., Wekell, M. M., Dep-
aola, A., Stott, R, F. and Leilch, J. M, : Ina-
dence of Fibrio cholerae from estuaries of the Unit-
ed States west coast., App. Environ. Microbial., 53,
1344~1343 (1987).

3. Sang, F. C,, Hugh-Jones, M., E, and Hagstad, H.
V. 1 Viahlity of Vibrio cholerne QL on frog legs
under frozen and refmgerated conditions and low
dose radiation treatment. J. Feod Prot., 50, 662~
664 (1687).

4. Biake, P. A,, Merson, M_ H., Weaver, R, E,, Hol-
lis, D. G. and Heublein, P. C. : Disease caused by
a marine vibrio. N. Engl. J. Med. 300, 1~5 (1979},

5. Massad, G. and Oliver, J. D). : New selective and
differential medium for Vibrio cholerae and Vibrio
vulnificus. Appl. Environ. Microbiol. 53, 22622264
(1887)

6. Kim, C. K., Lee, J. I, Shin, E. H,, and Kim, K.
H.: Antibacterial activity of alginic and acetic
acids on refrigerated red seabream, Kor. J. Vet

Publ. Health. 21, 363368 (1997).

7. Ingham, S. C. : Lactic acid dipping for inhibiting
microbial spoilage of refrigerated catfish fillet
pieces. J. Food Qual., 12, 433~443 (1989}.

8. Kim, C. R., Hearnsberger, J. O. and Eun, J. B, :
Gram-negative bacleria in refnigerated catfish fil-
lets treated with lactic culture and lactic acid, J.
Food Prot., 58, 639~643 (1885).

9, Anderson, M, E. and Marshall, R, T. : Reducing
microhial populations on beef tissues: Concen-
tration and temperature of an acid mxture, J.
Food Sci. 55, 903~905 (1990).

10. Kim, C. R., Kim, J. 8., Koh, D. H., Rhie, §. C.
and Eun, J. B, : Microhial decontamination of ref-
ngerated red seabream by acetic, lactic, and cit-
ric acids. Kor. J. Food & Nutr., 10, 263267 (1887).

11. Marshall, D. L. and Kim, C. R, : Microhiological
and sensory analyses of refrigerated catfish fillets
treated with acetic and lactic acids. J. Food Qual,,
19: 317~-329 (1996).

12. Ray, B. and Sandine, W. E. : Acetic, prepionic,
and lactic acids of starter cullure bacteria as hop-
reservatives. Jn Food Biopreservatives of Microbial
Origin. Ray, B., and M. Daeschel. CRC Press,
Inc., Boca Raten, Flenda, p, 103~133 (1991).

13. Oh, D. H. and Marshall, &. L. : Influence of tem-
perature, pH, and glycerol monolaurate an growth
and survival of Listeria monocytogenes. J. Food Prot.
56, 744~749 (1993).

14. Ababouch, I, Chaibi, A., and Busta, F. F.: Inhi-
bition of bactsrial spores growlh by fatty acids
and their sodium salts. J. Food Prot. 55, 980~—084
(1592).

15. SAS User's Guide @ Stastics, Version 10 edition,
SAS Institute Inc., Cary, N, C., {1991).

16, Chaibi, A. Ababouch, L, H,, and Busta, F, F.: In-
hibition of bacterial speres and vegetative cells
by glycerides. J. Food Protr. 58, 716~722 (1996).

17. Oh, D, H. and Marshall, D. L. : Enhanced antim-
icrobial activity of monolaurine comhbined with or-
ganic acids against Listeria monocyiogenes, Abstrac-
ts of 53rd of the Annual Meeting Institute of
Food Technologists, June 20-24, New Orleans, LA
{1992),

(Received November 23, 1998)



