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Antimicrobial Activity of Maesil (Prunus mume) Extract against Vibrio vulnificus
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ABSTRACT - The purpose of this study was to estimate the antimicrobial activity of Maesil (Japanese apricot,
Prunus mume) extract against Vibrio vulnificus. The strains tested in the study were 28 V. vulnificus isolates originated
from fish, seawater, mud flat and seawater in fish restaurant. The vwh4 gene was detected using real-time PCR and
biochemical identification expressed above good identification in 28 isolates of V. vulnificus. All of V. vulnificus used
in this study was susceptible to tetracycline and chloramphenicol antibiotics. These two antibiotics were considered
to be useful for the treatment of patients. Maesil extracts 2.5% and 5% showed antimicrobial activity against V. chol-
erae NCCP 13589 and V. parahemolyticus NCCP 11143. V. vulnificus isolate and V. vulnificus NCCP 11135 showed
growth inhibition at 1.25%, 2.5% and 5% of Maesil extract, respectively. Compared with V. cholerae and V. para-
hemolyticus, the antibacterial activity of Maesil extract against V. vulnificus was high. The minimum bactericidal con-
centration of Maesil extract for V. vulnificus was 1.6%. These results revealed that Maesil extract was found to be very
useful for inhibiting the growth of V. vulnificus and can be expected to prevent food poisoning caused by V. vulnificus.
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acid, malic acid 5 f714te] o2 Ao vl&)] FHs1H
rutin, syringaresinol, B-sitosterol & TFF3F A& EF
< ekl 9lem, Ca, K 718 ol Bol widd
7, AR}, w7, wf T THFS IEe AE
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Materials and Methods

A5 pm pore membrane filter (Toyo Roshi Kaisha
Ltd., Tokyo, Japan)Z o z}3le] mjd FE2E ALY
(100%) 0.2 &t}

AHgRE

Ao A T 2014»3—%1 20159 77 4
B, SER5, a5, AMolN B dehdEr A
Aol BAR V. vulnificus 28—,—5 Ao 2 3Tt %
A, &4 HxE A% EEFT= V vulnificus NCCP
11135, V. parahemolyticus NCCP 11143, V. cholerae NCCP
135895 AH&-sk3AH.

V. vulnificus RIS

Ao A3 FF7F Vo vulnificusd-S A 22157 §
sto] ERIFAHATH S AANSA Y. RB#FFE thiosulfate
citrate bile-salt sucrose agar (TCBS; Oxoid, Hampshire,
England)ell =93t 37°CollA 20417 i Fh & =405
&g AE 3l tryptone soy agar (TSA; Oxoid)oll Al Y
FHATt. V. vulnificus 50 AR whd FAAPE &

Aat7] flete] wMigE #5 ¢ WFols Wit FHRT
200 pLoll A& 5 100°CoA] 157 7HEsiaint. 7+
H ujgFA S 14,000 rpmellA 1027 A4lEE st 42

A F3 DNAR AME-SIATh ¥V vulnificuse] whd 73
2} &S 9% real-time PCR-2 Vibrio triplex real-time
PCR kit (KogeneBiotech Co., Ltd., Seoul, Korea)9} real-
time PCR (7500 Fast real-time PCR, Applied Biosystems,
Singapore)s AHE AZARe] AF o wep A ﬂ&’iﬁf.
real-time PCR Z3} whd F8X7F ¥ FF= Vitek
2 system (Biomerieux, Durham, NC, USA)E O]JC-L Ay 518}
A T8-S AN HAF V vulnificuss ZR13HAT

SRR U ZAL

2 Ao ARV vulnificuse] A WA d3S 1
o}sl7] 9J8fl Vitek 2 systeme ©]-&3lo] SAYA WAL A

daiet. dgel AH-E A 7k== ASTNI6Y card
(biomerieux)2 74 FAA FF+ ampicillin (AMP),
amoxicillin/clavulanic acid (AMC), ampicilln/sulbactam
(SAM), cefazolin (CFZ), cefotetan (CTT), cefoxitin (FOX),
ceftriaxone (CRO), imipenem (IPM), amikacin (AMK), gen-
tamicin (GEN), nalidixic acid (NAL), ciprofloxacin (CIP),
tetracycline (TET), chloramphenicol (CHL), trimethoprim/
sulfamethoxazole (SXT) & % 15%& AF&-stuch 42
A ik WA (Resistant; R), $5% WA (Intermediate;
1), 757’4 (Susceptible; S) ¥Hg-2 Clinical and Laboratory
Standards Institute (CLSI)e] YA WA 7]1='9¢0 wlel &
Bsise.

=9 FFEAE FHE] s V. vulnificus

159} V. vulnificus NCCP 11135, V. para-
hemolyticus NCCP 11143, V. cholerae NCCP 13589 i<+
45 Ztzt 1579 tiEke] paper disc diffusiony 'S o]
st AAstAh ZH7be] #FE Mueller-Hinton broth
(MHB; Oxoid)®l] FZ3ate] 37°Col A 18417 vist 5 &
A2 AFE o] 8] 0.8 McFarland®] B=2 Yehli=
4HE ZASAT Z2AE F+H S Mueller-Hinton agar
(MHA; Oxoid)oll #+<d3tA =23ttt EaE 10 mm
paper disc (Toyo Roshi Kaisha Ltd.)ol| Z+Zt & %=9](5%,
2.5%, 1.25%, 0.625%) &% 50 uLE 5417 MHA 9
of ¥ 37°ColA 18A1ZF v st BFA e A&
(mm)e 483t

HANFSE 27
A FEE9] FHAAEE(MBC, minimum bactericidal
concentration)= YA A 3| A Mol we} AT

vulnificus AHTT 285 V. vulnificus B2dT 15, 5
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2955 MHB (Oxoid)ell HEat] a8 44
37l 0.8~0.9 McFarland®] BH=ZS 711 @S A8
ok A" s A BT E 1008 B4 st
o HF #Q o= st v FZd3} MHB (Oxoid)E
T3S & MHBE o] & Al g4ate] vjd F59-MHB
iR E Azt AxE wjd FZ-MHB WX E Al
gatell 1mLA 253 F HF 49 1mL Fol HF i
d F299] TE7F 0.1%FH 64%7HA HES S
o] JFE AFTHS 37°CollA 20417F wigs & 742t
Ad&e] wkd 0.1 mLE TSAS spreading &t 37°Cell
A 20717 v eFstslnh. v mjd FEAS HTtsiA
G AFHe HEE VIFLR 0.1% o8t JEE v

e Alg o] mjd 2N FEE FHAMFEE(MBO)Z

ssie.

e

Results and Discussion

V. vulnificus &157g 91 XA Ud

Ao AL2E Vo vulnificus 4579 F5H S $15+A
real-time PCRS ©]-&-3 2 AZE3} vitek 2 systemS
o]-&3t Aystst 58S AASATHTable 1). whd 32k
= V vulnificus®] H99S 1T F de &8 4%
2 A real-time PCRE ©]-8-3t V vulnificus 573 AP &
A FHAAZ AFEE AT, Vitek 2 system A A}

Table 1. Real-time PCR and biochemical profiles for identification of Vibrio vulnificus strains

Real-time PCR

Vitek 2 system

Strains Source

whA gene Profiles % ID ID level
2014 R-1 ?l:ﬁvgzifan . Detected 5625711140461200 95% Very good
2014 F-1 Fish Detected 5621613140041001 99% Excellent
2014 S-1 Seawater Detected 5625713140421201 95% Very good
2014 S-2 Seawater Detected 1621611140440201 99% Excellent
2014 S-3 Seawater Detected 5625713540401221 96% Excellent
2014 S-4 Seawater Detected 5621713140421201 95% Very good
2014 S-5 Seawater Detected 5625711140540200 98% Excellent
2014 S-6 Seawater Detected 5621713140461220 93% Very good
2014 S-7 Seawater Detected 5625711140561201 95% Very good
2015 S-1 Seawater Detected 5621711540521201 92% Very good
2015 S-2 Seawater Detected 5625711140571221 93% Very good
2015 S-3 Seawater Detected 5625711140531221 93% Very good
2015 M-1 Mud flat Detected 5021713040200221 97% Excellent
2015 M-2 Mud flat Detected 5625713140621201 93% Very good
2015 S-4 Seawater Detected 5625711140531231 90% Good
2015 S-5 Seawater Detected 5625713540521220 93% Very good
2015 S-6 Seawater Detected 5625711140601201 98% Excellent
2015 S-7 Seawater Detected 5625713140541221 98% Excellent
2015 S-8 Seawater Detected 5625311140521201 95% Very good
2015 S-9 Seawater Detected 5625311140501201 99% Excellent
2015 S-10 Seawater Detected 5625711140511221 98% Excellent
2015 M-3 Mud flat Detected 5621713140461221 94% Very good
2015 S-11 Seawater Detected 5625711140421201 95% Very good
2015 S-12 Seawater Detected 1625713140511221 94% Very good
2015 S-13 Seawater Detected 5625713140001221 99% Excellent
2015 S-14 Seawater Detected 5625711140501223 99% Excellent
2015 S-15 Seawater Detected 1621211040001200 98% Excellent
2015 S-16 Seawater Detected 5625713140461020 93% Very good
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Table 2. Antibiotic resistance profiles of 28 Vibrio vulnificus strains

Antibiotics"?

AMP AMC SAM CFZ CTT FOX CRO IPM NAL AMK GEN CIP TET CHL SXT
2014 F-1 Fish S R
2015 M-1 Mud flat
2015 M-2 Mud flat
2015 M-3 Mud flat
2014 S-1 Seawater
2014 S-2 Seawater
2014 S-3 Seawater
2014 S-4 Seawater
2014 S-5 Seawater
2014 S-6 Seawater
2014 S-7 Seawater
2015 S-1 Seawater
2015 S-2 Seawater
2015 S-3 Seawater
2015 S-4 Seawater
2015 S-5 Seawater
2015 S-6 Seawater
2015 S-7 Seawater
2015 S-8 Seawater
2015 S-9 Seawater
2015 S-10 Seawater
2015 S-11 Seawater
2015 S-12 Seawater
2015 S-13 Seawater
2015 S-14 Seawater
2015 S-15 Seawater
2015 S-16 Seawater

Strains Source

w2
w2
w2
w
w2
w2
w
w2
w2
wr
w2
w2

»w v IE LN LN LV LN NN NN~ N NN NN NN nnR" —~
[ R R 7 N S R 7 N T R B 7 T 7 S R 7 T S R 7 N 7 S S N 7 B 7 S R 7 B - S /S )
[ R R 7 R R R 7 R R R B 7 T R R 7 T S R 7 B N R R 7 B ¢ S T~ S R )
[ R R 7 R N R N T R N 7 T R R 7 T N B 7 N 7 S R/ B 7 N ¢ S R N 7 S R ]
YU LN LN~ —~ N LN N LN UN —~ N NN~ N NN~ NN nn
AR R - IR RRAMRIRA AR R AR RERAIARI R NN
[ R R 7 R R I T R N 7 T R R 7 T N R 7 N 7 N R B 7 N ¢ S R N 7 S I )
[ R N 7 R S R 7 T 7 S R 7 N 7 T S 7 B 7 N 7 S/ R 7 N ¢ S R 7 B 7 T /S 7 B /- W 7 S VR B 7
[ R R 7 N R R 7 T < T R B 7 T R R 7 T S R 7 N N R R 7 T 7 N R B - S - )
[T 7 R 7 R R N 7 N 7 N R 7 N 7 N S R 7 N 7 S N 7 N 7 S/ B 7 B 7 N 7 S /N 7 N/ S 7 S )
[ R R 7 N S 7 N 7 N R N 7 N 7 S R 7 N S R 7 N S S /N 7 B 7 S R 7 N - S /- )
[ R R 7 R R R 7 N T R B 7 T 7 S B 7 N S R 7 N 7 S R B 7 B 7 S R 7 B~ S - )
[ R R 7 T R I T R N 7 T R R T ¢ T B 7 N 7 R R R N 7 T R I 7 S ]
[T R R 7 N S R 7 N 7 N R N 7 T S R 7 N N R 7 N S S /R 7 B 7 S R 7 N~ S /- S )
[ R R 7 R R 7 N T R B 7 T S 7 N S R 7 B 7 S VR R 7 B 7 S R 7 B~ S - )

Seawater in
2014 R-1 fish restaurant

Resistance rate (%) 14.3 0 85.7
Intermediate rate (%) 7.1 0 0 0 179 3.6 0 0 0 0 0 0 0 0 0
Susceptible rate (%) 78.6 100 100 100 82.1 10.7 100 100 100 100 100 100 100 100 100

Yampicillin (AMP), amoxicillin/Clavulanic acid (AMC), ampicilln/sulbactam (SAM), cefazolin (CFZ), cefotetan (CTT), cefoxitin
(FOX), ceftriaxone (CRO), imipenem (IPM), nalidixic acid (NAL), amikacin (AMK), gentamicin (GEN), ciprofloxacin (CIP), tetracy-
cline (TET), chloramphenicol (CHL), trimethoprim/sulfamethoxazole (SXT).

YR: resistant, I: intermediate, S: susceptible

9]
9]
9]
9]

R

9]
9]
9]
w
9]
9]
w
9]
9]

(=]
(=]
o
o
(=]
(=]
o
(=]
(=]
(=]
(=]
(=]

good identification, very good identification, excellent®. & A=At
A 745 28 #77F s sHEHAS ov|gith V. vulnificus® tgr &AA] WA A E3 = Table 29

real-time PCR A@A# 285 EFoX V. vulnificus®] & YEPHATH AAAH 7P =& WS vehd A=
o] FAA whd FAAF AEHA LW, H3E T4 cefoxitin® E 247F (85.7%)°14 WAS YeERfNoH,
M= 285 E5 good identification ©]/de] AE JEN ampicillne 445 (14.3%)°14 WAAS YeEPISY. 5%
o] B dyof A8 EEldF= EF V vulnificusd o] & Ul (intermediate)y> cefotetan®l X 575+ (17.9%), ampicillin
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oM 28F (7.1%), cefoxitindl X 175 (3.6%)%E e
ol Aol AMEE V. vulnificus 28¢5 E5E tetracycline
7} chloramphenicol 5 1152 A A 44dS e
At olE st A= 2001d ol E21= V vulnificus
of thet aFA| g A} chloramphenicol, tetracycline,
nalidixic acid, ciprofloxacin, trimethoprim/sulfamethoxazole
A sl 87.6%1M 92.4%7HA] A4S YERAL
The B¢t fARE Az yepfiith. vlEele 3id
% X &9l+= tetracycline?} chloramphenicol 347} A7
Hoe H29F HlW A] 284F R 5 tetracycline}
chloramphenicol FAA| o S Yeldo] A} &Y
Al o] - FRO FAATE N5 &olF ZoE Aty
Atk e 20049HE 20069 7HA] QAR 3] ol A
228t V vulnificusell tgk A AFAS cefoxitin W
2d 6.7%, ampicilln W4 3.3%E YERI A ths B¢} v
o g cefoxitin S 79%, ampicilln WA 11% Z7}
& 7S YEATE o183 Ad= Vo vulnificus®] 34
WAiel S71e 8-S WESHL 2lo] A&A A7t

Q3 oz IAE o

e 2

V. vulnificus©] Tt Ofd FES2] Y d’d

Vibrio spp.ol thet mid FEE9] 24 AP dH4=
Table 33} Fig. 19 YERNRATE ¥V cholerae NCCP 13589
S} V. parahemolyticus NCCP 11143 %FdF 25 w4l
FEE 0.625%9F 1.25%04 A5 AA e YA o
3L, 2.5%8F 5%l s AR S e S 1
vulnificus 2Tt V. vulnificus NCCP 11135 ZXTdF
RE o FE2E 1.25%, 2.5%, 5% S XSS
VERH AL, 0.625%1 = A5 R8-S Ve &4t
. ¥ choleraeSt V. parahemolyticus®| B8N V. vulnificus
of gt v FE=9 FFdAdol E=A YErs

V. vulnificus®l| tg WA FE259] F424 A7 A
Fate] AFAQ e ot i HFde] AFE
ool uiet F2-8 A A Staph. aureus, B. cereus, E.
coli, L. monocytogenes, S. Typhimurium®l] &84S
BRI, wj A olerE FEE2 V. parahemolyticus *3
& A 2Zgo] BT, 5 ujd GHEA S o] &

Fig. 1. Inhibition zone of Maesil (Prunus mume) extract against
Vibrio vulnificus isolated in this study. A (5%), B (2.5%), C
(1.25%), and D (0.625%) of Maesil extract.

Sk A= AJAR] DDA} L monocytogenes, E. coli,
Staph. aureus, S. Typhimurium, B. cereus, V. parahemolyticus
TOoZ vl FRHEA FHdAo]l AA YEd A=
RIVEJT}. V. parahemolyticusd| T3+ vl x]E o o]
Aol e AFSEdl HlE) Avke Bt vl
) s FF+LdL2 V parahemolyticus BT+ V.
vulnificus?|A B Atk 2 Ao AFAAE T8 &
W FAHE SV vulnificus BS5A A A FEE0] vl
83 Aoz FAuE

Ay

o

V. vulnificus©] Ti¢t UM FES2] I MAFE

A FEo 0] H2As = (MBC) AEZAR} V vulnificus
NCCP 11135 FZd59 V vulnificus B84 285 =
T Wi FE 0.8% FEO AP A EEo] HEy
3L, 1.6% &0 AldelA] EEro] AFEA] otk
g 0.8%, 1.6%, 3.2%°] A@S F ko] wijgzt 23 0.8%
ANAME= V. vulnificus o] FFEAL 1.6%2F 3.2% F
sEo] wigAoNM = V. vulnificus 2ol I A ot

Table 3. Antimicrobial activity of Maesil (Prunus mume) extract against Vibrio spp.

Diameter of clear zone (mm)"

Strains
0.625% 1.25% 2.5% 5%
Vibrio cholerae NCCP 13589 2 - 11 14
Vibrio parahaemolyticus NCCP 11143 - - 14 18
Vibrio vulnificus NCCP 11135 - 13 18 23
Vibrio vulnificus isolated in this study - 13 18 22

" Concentration of Maesil (Prunus mume) extract loaded on paper disk was 50 uL/ 10 mm paper disc.

2 No inhibition
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e FEHe] HrdtsEs 1.6%2 Uehllh Had
TEES T3 0.8%, 1.6%, 3.2% "4 FZH4-MHBQ

pHE 747} 468, 3.91, 3392 =4 =0}
V. vulnificus®l]l WIst wjd FE2E9 FHiAATE A+
7} 79‘:'3]’04 A Bl ofe ey mid BRE 2%
ZoA Staph. aureus®}t B. cereus®] ASo] 4A3]

1% =AM V. parahemolyticus®] AJ-5o] <

F':]}J\J-— 46]
AA = A BV} Bl A] wfjd FEY 1.6%00A ¥
vulnificus 250 &A3] gAE AL thh £ TEE
Uebstth o8 et Ad= Zhzh A AHgE wid =
=3 ‘%’é!%"—ﬁ«] G {714 T Zpeldl 71”1
e Zlo= dddEn. 2 A AME w593 Y

g o R Az i F5de {714 TS citric
acid 1.5 g/100 g, malic acid= 12.1 /100 g &2 HI31% 372
At A HE S A28 isoeugenol, nomilin,
B-sitosterol 5 FFEZ T citric acid, malic acid 5
o] f71Ak Zgol 23 o7 BythEy 9t} 53] f
e AE V) phot xRS 18 FAYL AshAA
DR NN L}E}—‘E Aoz Wy2BMY 3y 9tk LS u
A 2zEel A54 woo] WAE RARA 52 F
glucose-6-phosphate dehydrogenase, succinate dehydrogenase,
malate dehydrogenase, hexokinase 5 °|UXtHA} #of &
2 28-S A AR HIPELL Q) o|2fgh Bl

E oo wjd FE20l 2§ o
LA citric acid 5] F7]4te] HAAES] oY
25 AAlstaL Alxete] 71d T3S AAlst

U
% 4
::’z

A= isoeugenol

Ao oy
oo

=2
>
o ol

5

A

o] FHEYS Y= Aow FAordn FAES 3y
H ouHg e T I, AL B 3 ES S o
71 V. vulnificusd-& gﬁL‘fH oA mid SAE BAYA 7] 30
Qom 53] 2 597k 14780 AMARE LA
B AZxA3 V vulnificusaol] et A FE2E9] a4
AE Rl on FibEol o3 AFES owetr] 9
g A FEE SE&AFE 283 Zlo R dAdEHn
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