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2, SaEvs 2FgEYEY 52 s

ZF3 DPPH ¢z &7 A4S detdllth 529 A s=¥ (25 50, 100
e}

, 27y V. ichthyoenteriol 100 mg/mL 7 %3k

s

F9 oA

)
o
o
rio,
e
[U o

S
=
ofo

ol
o
22
)
ot
e
o,
ilh3
o
=)

>4
i

oA Tt A3 yetuA gokv visE =
Zh ol A A wre vldste] vt &4 Ut et @ €4 o
H vsdaEdE Vibrio W9l AHElste] MICE &R1st A3 V. anguillarum
1.8 mg/mL, V. harveyi 1.2 mg/mL, V. ichthyoenteri 0.9 mg/mL=% YEFSETE 1

p

o

okt
r

=gy MIC F%7F Agd 7 79 biofilm Al &4 Rl Az, V.
anguillarums  °F$t biofilm A& FAo] YElto™ V. harveyrot V.

ichthyoenteriol 5 -3t biofilm #3] &4 o] et Biofilms A3t

Q3% Q9 Aol A AME &Rl Ay 7+ el MIC s XEolA

LA

o

sty s SFAEYEY Vibrio MAdolA =2 I 235 17| &
of 7} FEE9 AHES GC-MSZ EAs9th 2579 nt
gl o] d4kst &t A3} biofilm A&, motility A3 &3+ 5-HMFS} quinic
acid®] @Atstel &t 5o vk A &4 ZaE oqdd. ol Aiw

n&7tdy = olF AW At V. anguillarum, V. harveyi, V. ichthyoenteri Y

48
2
=
=
5
o
ol

Aol A4 vleloRE FAL AT & Atk ARHow WEpEy F

=
ol A FAE ALEE 5 o] Vibrio BHATES Adlste] A HAALES W



>
oo
il
il
Lo
(o,
il
fr
S
@)
X
o
=
I
=
50
O
S
I
v
i
A=)
i)
1o
fol
o
s
B
>
-
N

o oF 129 ®olmz We Fo] Hy] PAEol WAFIL Yrk FEF
et wggEe] dees waad. A5 Ao el
A A% FAel nFHE 98l vd 847109 o 57109 £ Ao )
SRR AVse 4 Aue dAsn QoM ArHE vsgE gLl

B4 FH AAHLS 2dXNIE g0z F&sta ¢} [3].

Lo
1
[
d

o] 2 gt 7= 7+ polyphenol, vitamins, limonoids, synephrine 2| theFsk 3}
SES SRSt le™ [4]) rutin ¥ desomine¥ 2 U¥HA <l flavonoids 2
hesperadin, naringin®} 22 citrus 519 flavonoids®} #H&EF /9
tangeretin, nobiletin® #Z2 flavonoids”’} &5 o] Jdtt [6]. #= 7 FAHEQ]
7H= ¥}3) o = carotenoid, bioflavonoid, pectin % terpene”’} SHFF o] Jdar [6],
essential oilQ] d-limonen, y-tepinene, [B-elemene, farnesene, hexadecanoic
acid, a-pinene, B-myrcene, linallol 5°|™ 1 % d-limonent & %3 A9
70790% 5 fretal vt [7] T e vs e g vlE] {714k, 2ol A
, Z8 3= 283 flavonoidi+ ¢! hesperidin, naringin, rutin 5©¢| o] &5
o gla, 53] wszdE ¥y Fo o] df, essential oil, carotenoids,
flavonoids &9 &2 Ato]l wo] IfiHo Jdom AFHRT =2 At
dAS veEle Aeg d#iA v [8-10]
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RNom, o]F 12Fo] A S Fdste AoxE deA v [13-15]
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st M| EZ Q)1 B AEF (Extracellular polymeric substances, EPS) &, t5&2] A
T2 A= FHE S48k Al 9] 65%= ATl 711 [16, 171
F3 biofilm W AwS &%, Fk, AE, A TOoRNE KB et
[18]. 53] biofilm W F2d A2 5L AMiolete F{FAw (Planktonic
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F7+4 39 (Mature Citrus unshiu peel ; MCU)+= A

AT A A2 s =
v <=7k 39 (Premature Citrus unshiu

SHEAA = NS ARl A AlS gk

peel ; PCU)E= sA3APEJA(F) AU o] 2ol A Al gkt 3y & Al Hsta A
ZAIZ & A5t Zhzte] BHlES A dxd 7 FHE2 70% ethanol

7104 (WIS 20R, WITEG) F%3F% .

S 7Feke] 24]17HE 9 2,000 rpm, 25T
7] (hei-vap advantage, Heldolph)Z ©] &3} F=4]

%
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ZF ¥E g% Folin-Denis assay WHS #alste] SA3G T [24]. HA F

=% 1,000 pLol 4% BAUEHF 4% (Sodium carbonate Anhydrous) 1,000 u
Al oF

o

7] k3 IN  Folin—ciocalteu

L T
Aubs AlF T

=

LS A7kstel 2830 4w A

(phosphomolybdatephosphotungstate) 50 pLS % 7}sto] 30&7h
EaT= =2A590. 7

HES- 3 96 well plateo] 200 pL% #3Fe] 720 nmol A =,
e FFEZQ gallic acidE AFESEe] ZHAlSI oW, ¢ ¥ mg gallic acid

(GAE, mg, dry basis)o & e AT}

=



222 % EFRNOE §F =
= FFe Zhuang 5o PP Faste] =4stc} [25] WA
ZR%5eh 100 1Le) 5% NaNO.2 #7lel i Edalol

T 6RIE Mg A

W 2 5)o]

F ZtH o
100 pLell 500 ple
% 10% AICl3 150 uLs #H7fsta =3gst
e e

(0]
OH 600 pLE #H7}3F & 96 well plateo] 200 pL*
o

FEE
5wt HESA AT 1
Ztt. o]ojA 5M Na
510 nmolA FF=E SAHSAT. A 22420 quercetin
Ao g mg quercetin (QUE, mg, dry basis) o2 YEFH ST}
2.2.3. DPPH YUz &7 84 &4
DPPH (1,1-diphenyl-2-picrylhydrazyl) 2}t]Z A7 Brand-Williams 9
S Fuste] =AU [26]. FEFE 20 plel 02 mM DPPH &< 180 pLE #
7FeR e Ao A 30=7F dHES A7l 3 96 well plated] 200 plL¥ # sl
517 nmol A TF =S ZAHsAY. FHAHEL 2= BHA (Butylated hydroxy
anisole), L-Ascrobic acid& AF-&3t%a ¥Hg3t A3 3S 50% AAA7I= 5%
#o =z Yetdlgltt. DPPH #tHZd &AA 52 oflle e 9s) 4t=3t%
Aj; B x 100

= ICqy
A : Absorbance of the control

=3
DPPH radical scavenging activity (%) =
B @ Absorbance of the sample
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Ao ALE3 olF AW AFS Vibrio anguillarum (KCTC 2711), Vibrio
harveyi (KCTC 12724), Vibrio icthyoenteri (KCTC 12725)0. % 3har A &2 Al
E] (Korea collection for type culture)oll A #<Fwtol Al&3dt). zF 2 Table
18] 2o =2 A5 wjYstAnt. ol AR8-%¥ Marine Broth (MB, Difco, USA)
o] 242 Table 29} 2t}



Table 1. List of the bacterial strains growth condition.

Bacteria Strain No.  Gram Strain Temperature Medium
Vibrio anguillarum KCTC 2711 - 25°C Marine Broth
Vibrio harveyi KCTC 12724 - 25°C Marine Broth
Vibrio ichthyoenteri KCTC 12725 - 24°C Marine Broth

Table 2. Composition of MB media.

Content Amount per liter
Peptone 50 g
Yeast Extract 1.0 g
Ferric Citrate 0.1¢g
Sodium Chloride 1945 ¢
Magnesium Chloride 59 ¢g
Magnesium Sulfate 324 ¢
Calcium Chloride 1.8 g
Potassium Chloride 0.55 ¢
Sodium Bicarbonate 0.16 g
Potassium Bromide 0.08 g
Strontium Chloride 34.0 mg
Boric Acid 22.0 mg
Sodium Silicate 4.0 mg
Sodium Fluoride 24 mg
Ammonium Nitrate 1.6 mg
Disodium Phosphate 8.0 mg




7k gtel gk 4t &4 &= paper disc methodol Wk Fdst Tk [27].
8|4 8te] McFarland No. 0.5 §==2 23o] ALS
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S AFESle] 8143k S Mueller Hinton Agar (MHA,
Difco, USA)o] =23t =83k plateo] 8 mm paper discE 281 FEE
3 Al (25 mg/mL, 50 mg/mL, 100 mg/mL)<S 7z} disc ° 50 plL® 3kt
YA ETOZE Kim 59 =& #x39 4 mg/mL Ga(NOs;); (Transition
Metal Galium, dola&4d5)S ARSI [28]. Aol A 48A17F &<t v

st % paper disc THA FAAH AS A FH T
2.5. Minimum Inhibitory Concentration (MIC) & A

FZ52° MICE= CLSI 2012 wg} two—fold broth dilution methodZ A& 3}
ATt [29]. MICY =A& 96 well plated]l A 233ttt MB X o)] =z 3]
Mg F2EES (25 mg/mL T 03 mg/mL) 100 pl A&, 28l Z2 7S

PBSel s|Aste] 100 plLl® AHgstdla, & ZF°] 200 uL7F = A sk 25T
Hj F 7)ol A 4841 7F ¥l 3t & OD 600 nmoll Al =4 th.

ol

2.6. Growth Curve =3

Zy qto] tigk At g¥97F gl FEEY HAa =5 F}Adsr] dal AE
A BEAS Pt =S 96 well plateol A A 35T welld] FE55 34

of 100 pL& H7bstar, 7z S PBSZE (OD 600nm : 0.1) 243
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7bete] & =Fol 200 uL7F A stk 25T Wizl A 48413t wl Fstal o
6A1%F mttk OD 600 nmol A =7 8t

2.7. FEE9 Biofilm 9A &4 53

i
o

=]

O+

Biofilm & A &4 =4 We P. aeruginosa, E. coli, V. harveyi and
V. anguillarim [30-33]°] tjsl] <=3}
o A xlPetFom wiFEL growth curve 54 WHI ZA st 2

5C viE7]ol A 487 7F viddl #S PBSE 33 Aojwith,. 71 & ZF welldl
100% methanol 200 L= 7}sto] 15%-3F 9F-3Al Tl methanolS ©ojwo] ¢4

put}

WS Fastdt. 542 96 well plate

<)
%
m o

3] AxAIZL $ 0.1% crystal violets 7+ wellell 200 uL® H7Fst ol 10-15%
8- ¢ PBS=E 33] AojWltt. 1 ¥ 100% ethanols 7} welldl 200 plL.A® 37}
sto] A3 Hodll & OD 570 nm=E SASI Y. ¥AANERTLCEE 4 mg/mL
Ga(NO3)s& AF&3t9lar, B4 gk MB ®#i# 100 pL¢} PBS 100 pL& 33t

welldl A &3 -2 =A3le] ALE3A

28. F=EY 54 (Motility) oA 573

Swimming ¥ Swarming motility+= S Santhakumari 53 Y Sun®] Vibrio it
o A st RS Fxste] sttt [34, 35]. Swimming motility+= MB Y

Ao 0.3% (w/v) agarg H7Fste] SAs Y. 257 50C=2 4% WHaA 4
B o] wjx]o] MICY FEES #H7lste] stk WAl & 2al plate 45 &

o] 10-15%-3F A=A71 F 3 pLe + 34} (OD 600nm : 0.1)S Ho=z Zy
A HEeET 1 3 30TCAA 12413 &<k &S th. Swarming motility ©

MB ®i#]el 05% (w/v) agars F7tslo] A3, =%7F 50C=2 =43 wt



T A AEIY wjA o] MICe FE&ES H7tste] &8st MiAE L1 plate 5
73 Z 5 uLe A (OD 600nm : 0.1)S Ho
Toll A 24A17F b vjkslgd o).

S o] 10-15%7F AxAZ

29. 714 Zzr eI -2 FHGC-MS) B4

)

0

C-MS #2428 QP-2010(Shimadzu, Japan)< ARE3}e] =33} th. GC-MS2
A 22 Table 39 et FA43Ah GC-MS #4& S3to] A=H 729
35tE 4L Willey 9 library databaseZS o] -&3te] 4=83}% a1, library e} A+

75% o]l S TR sHE A A 24 a9
intensityS 7|22 AA| u Ao ZF uA7} AA|EE HES 7Hto® A&

sherh

Ol

Table 3. Analysis condition of GC-MS

GC

column DB-5MS (30 m x 0.2mm x 0.25 pm)
Inject mode Splitless

Injection temperature 250 °C

Column flow 0.84 mL/min

Vaporizing chamber temperature

80°C, hold 3 min

5°C/min 140°C
Column oven temperature

20°C/min

280°C hold 8 min
Carrier gas Helium
Totalflow rate 50 pL/min
Injection rate 1 uL
MS
Interface temperature 280°C
Ion source temperature 250°C
Measurement mode Scan
Mass range 30-600 m/z
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311. & Eg¥s 2 ¥ EHExolE &F

Hlz sdES AEA de EXHoE 22 dAmbER s x4
#2358 7FF Y Phenolic hydroxy 7] & 7FA L 9lo] w3y o] & Exje}
A B ofyet -OH7IE &3l 4 ook sl g 729 ks 9
3 gatst d4S A Fd F gt g3 T AYUTAES e o=

o 25z vsanEy] FEEY AYSEs dotry] f& F

dils 2 F SfEwolE S SASAY (Table 4). 25329 vzt

ne

il

3.1.2. DPPH #H & &A% &4

DPPH (2,2-diphenyl-1-picrylhydrazyl)= W% <9Fd3t free radical® 7
TAYAAE Wolsol= Ado] glom, ikt Aol o FEo] Hepao
DPPH7} F4 9] diphenyl-picrylhydrazine 0. & At} o] 83t Qg S o] &3}
gt A 54 2AY s S0 dE AREHIL v =FAE e w5
=399 DPPH IC50 #k<2 1259.61+3.75, 758.47+7.12% YElSt (Table 4). %
Ao Z2 L-Ascrobic acide} BHAYE 4.89+0.103} 5.39+0.142 YERyEt)

31.1.7 3129 A3 A, 2FpaEdEg usgdddr e ZdE 3
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L FEEAAY F EEExolE

Table 4. In vitro antioxidant activities : TPC, TFC and DPPH for the extracts of
the MCU and PCU.

Sample TPC (mg GAE¥g) TFC (mg QE%g) DPPH (ICsy pg/mL)
MCU 53.82+0.08 0.02+0.0 1259.61+3.75™""
PCU 95.59+1.07 0.03+0.0 758.47+7.12""
L-Ascobic acid - - 4.89+0.10
BHA - - 5.39+0.14

*Galic acid equivalent. °Quercetin equivalent. Data represent the means + SD and are

representative of three individual experiments, p>0.05, p < 0.05, "p < 0.01, "p <
0.001, “p < 0.0001.
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32. FEE9 ¥+ 2A

ey} ey FEEY dw G V. anguillarum, V. harveyi,
V. ichthyoenteri ol tste] ARt (Table 5). FE=< 25 mg/mlL, 50
mg/mL, 100 mg/mL= 3] 4] 3}t

LFHEy 9 syt A4 =AH A, V. anguillarum™® V. harveyi & RE
T A ot AANE HolA ekkth. ey V. jchthyoenteri -2
100 mg/mLoll A 145+1.4 mme] A7} AU, vszHEda e g &4

5\

A A3 V. anguillarum < 25 mg/mLelA 12.8404 mm, 50 mg/mL
13.240.8 mm, 100 mg/mL 13.3t05 mm SANE B AT V. harveyr 2 25
mg/mLe]A 13.0+0.0 mm, 50 mg/mL 13.2+0.8mm, 100 mg/mL 14.0+0.62] <A
e WA, V. anguillarum® V. harveyi 7S BE FRoA A ERLHTH
=l o S BAY. V. ichthyoenteri & 25 mg/mLol Al 11.8+35 mm,
0 mm, 100 mg/mL 225+0.5 mm¢ JAHES Hch 25
mg/mL= FANET L FARE S F4E 2T
Ay, 2F74E9E AgstRS Wl V. ichthyoenteri el 100
mg/mLe TE2 A A5 AL & gl owd A5 As7F e
A okt 2y vsAEYE AYeds Wl BE dolA Ad sl Hl#H st
of AFo] A== A7t YES T
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Table 5. The antimicrobial activities of MCU and PCU at different concentrations

against Vibrio pathogens.

Inhibition zone (mm)

Vibrio
MCU PCU Ga(NOs3)3
pathogens
25 mg/mL 50 mg/mL 100 mg/mL 25 mg/mL 50 mg/mL 100 mg/mL 4 mg/mL
V.anguillarum - - - 12.8£0.4™ 13208  13.3£0.5™ 11.9£0.6
V.harveyi - - - 13.0£0.07 13208  14.0£0.6™ 11.9£0.3
V.ichthyoenteri - - 145£1.4°  11.8£3.5™  19.5+1.0™"  22.5+0.5" 11.840.4

‘not detected. Data represent the means + SD and are representative of three

p < 0.0001.

ssfesk sk

individual experiments, "p>0.05, p < 0.05, “p < 0.01, ""p < 0.001,

_14_



3.3. MIC

gt ZAelA A5 Asrt ddd vsEy] FEE dste]l #o 4ES
AAA7E AeANsEE F45UTE (Figure 1). M&3E Y o] MICE S48t

71 98, @ g4 2dE JUEd HAA s& 25 mg/mle HUW = st
/2% 31X &t zt ol sty V. anguillarum 9 7% (Figure 1A),
0.391 - 1563 mg/mL #& sXA controlEt} %<& ODZto] UEW=dH), F
2 94 % (Subminimal inhibitory concentrations, sub-MIC) ©]3}9] FEi=
biofilm ®¥/4& F=stal L=ls] o] FHH7] wzeltt. Kaplan JB 2
SaureusA| A 3AA S sub-MIC7} biofilm FAS =8 ¢ gon [36], L
Zhou &< G.sulfirreducensol X sub-mic FA A2 = FXE¥ biofilm J4d
a2 Q13 sub-MICY] o] &S Hustgt [37]. 3 Wu 52 dE=H 2
do| A Jeptospiral 79 &< A A2 norfloxacind ciprofloxacin®] %<& &5-&
Fol #S STHANA £2A £ o3t fidue AAdE Ry [38] w
A V. anguillarumd) A= 1563 mg/mL¥} 3.125 mg/mL Atolo] ¢ A#S
AAANZI= HAE s=7F EATE Aoz #detdd. V. harveyiet V.
ichthyoenteri ¢ 74-% 1563 mg/mLe] OD 0.13% <33 AxE e o], 0.782
mg/mL¥} 1563 mg/mL Alolell o] S AT E AL s=7F A4 A
o2 FstAt} (Figure 1B, 10).
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1.1
1.0
0.94
0.84 ns
0.7
0.6
0.54
0.4
0'2- Fa T3 aEE =

0.1

“ %%ﬁﬁ

T T T T T T T
0 0391 0.782 1563 3125 625 125 25

Absorbance at OD 600 nm

Concentraton of PCU (mg/ml)

(B) ©

0,94 0.9 5
= 081 | - 08
E 07 ns L E
Z 6 Z 61 e
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2 E
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3 03 ]
£ £
S 02 E
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Y 034 -

o o ares 0.2 4 it wae

Y Aol nESatall

0.0 T T T T T T T T 0.0 T T T T T T T T

0 0391 0781 1563 3115 615 125 25 L} 0391 0781 1563 A115 625 125 5
Concentraton of PCU (mg/ml) Concentraton of PCU (mg/ml)

Figure 1. Minimum Inhibitory Concentration (MIC) of the PCU against Vibrio
pathogens. (A) V. anguillarum (B) V. harveyi (C) V. ichthyoenteri. Data
represent the means = SD and are representative of three individual experiments,

"p>0.05, p < 0.05, “p < 0.01, “p < 0.001, “p < 0.0001.
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3.4. Growth curve

33.9 Z3E ngew vsdEy FEEol ug 4 Fe AFeg MI
< 93l growth curveE SA3FA T (Figure 2). MIC7F ol & F-3H<]
0.3 mg/mL FAo = A sttt 641 nity S ske] 48Xk 9] A
ettt 1 A3 V. anguillarum & 15 mg/mL #g XA control®.th
d7ol yERyth AT 1.8 mg/mL HEl FZolA e AS A=
HA 5xds sastgtt (Figure 2A). V. harveyie 1.2 mg/mlL A8 %7}
V. ichthyoenteriit2- 0.9 mg/mLe] =7} w9 AHAS JAAIE HA
S golstAtt (Figure 2B, 20).
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Figure 2. Growth curves of the PCU against Vibrio pathogens. (A) V.
anguillarum (B) V. harveyi (C) V. ichthyoenteri. Data represent the means £ SD

and are representative of three individual experiments,
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Aol s v A=A &Rlstazt At (Figure 3). V. anguillarum w2 15
mg/mLel| A control .t} 2 biofilm #AS YEFH oW, MICS! 1.8 mg/mLelA
okl A& & ¥7F YElY (Figure 3A). V. anguillarum & A7 %ol Hl&] A
Aoz e biofilm AL EA+=d, Kim 59 d7olA w2 47437} biofilm
Yol 54 Y glo] vedts ARE A = AU (28] V. harveyt
2 0.6 mg/mLelA & A8 Z347F AAX T, 0.9 mg/mLelA] control thH] ©F
2819l Al ad= veEsTE (Figure 3B). MICQ 1.2 mg/mLolA] control thH] °F
e A&l a3rF verwth. V. ichthyoenteri 3 BH3F 0.6 mg/mLe] F XA
2 Ad 27 AA T MIC 0.9 mg/mLol Al control tHH] <F 4uje] A3 &
271 YERS Y (Figure 30).

nsghdy] MIC Aol gk 2z ¢ biofilm A &4 A, V.
anguillarum & Va3 k& biofilm A @Ado] Vel ey V. harveyr
3} V. ichthyoenteri 7o Xl+= 242} control WiH] eF 78l <F 481 2] biofilm # 3f
27F YEbR

_19_



0.9+ =

=0

= 15
= 18
m PC

Absorbance at OD 570 nm
=
T

0.0 T T
0 15 18 PC
Concentraton of PCU (mg/ml)

1.5 mg/m 1.8 mgml PC

(B) ©
10- 4.0+
1 3.5
g =0 £ L =0
= = 3.0-
5 3.04 = 06 & = 06
g 1254 m 09 e * = 0.9
F 20 P IR & 207 m PC
o @
£ 154 m PC g ¥
% 104 5 104
Z 03 Z 03
0.0 T — 0.0 T .
0 0.6 0.9 12 PC 0 0.6 0.9 PC
Concentraton of PCU (mg/ml) Concentraton of PCU (mg/ml)

gmgml B.6mgmi 6.9 mgmi PC

Figure 3. Biofilm inhibition activity of the PCU at MIC concentrations against
Vibrio pathogens. (A) V. anguillarum (B) V. harveyi (C) V. ichthyoenteri. PC
(positive control) : 4 mg/mL Ga(NOs);. Data represent the means + SD and are
representative of three individual experiments, ™p>0.05, p < 0.05, “p < 0.01,

ook sk

™p < 0.001, “p < 0.0001.
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Figure 4. Bacteria move by a range of mechanisms.

(Source : A field guide to bacterial swarming motility. Daniel B. Kearns)
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V. anguillarum V. harvey V. ichthyoenteri
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Figure 5. Swimming motility at MIC concentrations against Vibrio pathogens.
(A) The effects of MIC concentrations of the PCU on the swimming motility.
(b) Measurement of the effect of PCU on the swimming motility. PC (positive
control) : 4 mg/mL Ga(NO;);. Data represent the means + SD and are
representative of three individual experiments, ™p>0.05, p < 0.05, “p < 0.01,

kot

“p < 0.001, “p < 0.0001.
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V. anguillarum V. harvey V. ichthyoenteri
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Figure 6. Swarming motility at MIC concentrations against Vibrio pathogens. (A)
The effects of MIC concentrations of the PCU on the swarming motility. (b)
Measurement of the effect of PCU on the swarming motility. PC (positive

control) : 4 mg/mL Ga(NOs);. The diameter is presented as the mean + the

*

standard deviation of three independent experiments, ™p>0.05, p < 0.05, “p <

sfeskoskok

0.01, ™p < 0.001, "p < 0.0001.
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nsdEde SFAERY 52 E8Hs I DPPH €40 UERe
W, Vibrio wtolA A Fiol wl#ste] Aas AsATI= A}E HEFIUL
w3k neE 9= Vibrio 19 biofilm® motility 7} S AlE 23S vepdlitt. o]
2A ve @45 el vsHaEYe eFAETY Vs d 2dS 171
Astel GC-MS +41& 2183t

GC-MSE o83 259 vsady] F529 A=vtEIH2 Figure
7ol et ow, A4S 33E] JEEzAdH = Table 69 YeERWATE =3¢
239 FEEAdAE 79 sas gelstdn. Fo AT S EE D-Tagatose 4.1
4%, D-Allose 2.57%, 9,12-Octadecadienoic acid (Z,72)- 2,45%= Q1% it}

nsdEy FEEAdAE 12709 9a2E el F8 A e®s 5-Hyd
roxymethyl-2-furancarboxaldehyd (5-HMF) 24,55%¢%} citraconic anhydride 14.7
9% % AT 5-HMF+= A#o de vYeves 42 AAAES 94
7V &5k g ol A hexoses®t maillard WHS- A3LE T AAEE EHolth 5-

Olr

Jﬁ‘i

510

HMFE I3, A7 % = 9% d9e 3303, /P24 (striated muscles)
IS EGAIT B3 gASA0] e, @ Yol 548 SHATI=

7] A o AR [43], W 2 AdT NdS A [44], TAE BHE [45], =

AE M EZAA apoptosis®t GO/Gl AFMNE &3 SAXEZTA JA| [46] 5o oFg

o4 g3x s v vE F8 A< citraconic anhydride= F= il
159 acylationS reversiblestil [47], | Elo]=o] MElX oz nHkS-3slo] QA

S HEsted ARSI o (48] o2 =4 vt 4 E2> 1-METHOXY
-2-ETHOXYETHYL-1-FURAN 7.72%, quinic acid 7.61%, DIHYDRO-3-MET
HYLENE-2,5-FURANDIONE 6,12%, D-Allose 5.44%% 2<% lt}h. quinic aicd
= Akst [49], @t [50], kel [51] EAHERE ofuel WEA|EZFC] oA
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Table 6. Compounds from the extracts identified by GC-MS. (A) MCU, (B) PCU

(A)

No* Name RTime Mpcenar Wolenar Cone.(%)
1 1,3,5-Triazine-2,4,6-triamine 7.069 126 C3H6N6 2.01%
2 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 9.075 144 C6H80O4 1.13%
3 Benzaldehyde, 4-hydroxy- 14.973 121 C7H602 0.48%
4 D-Allose 18.943 180 C6H1206  2.57%
5 D-Tagatose 19.681 180 C6H1206  4.14%
6 Pentadecanoic acid 20.859 242 CI5SH3002 1.94%
7 9,12-Octadecadienoic acid (Z,Z)- 21.760 280 C18H3202 2.45%
(B)

No* Name R.Time M\g,l:icglﬁf r %gggiﬁﬁr Conc.(%)
1 Citraconic anhydride 3.771 112 C5H403  14.79%
2 DIHYDRO-3-METHYLENE-2,5-FURANDIONE 5.986 112 C5H403  6.12%
3  1-METHOXY-2-ETHOXYETHYL-1-FURAN 7.139 170 C9H1403  7.72%
4 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 9.083 144 C6H80O4 1.74%
5 2-Acetyl-octanoic acid, ethyl ester 10.338 214 C12H2203  1.17%
6  5-Hydroxymethyl-2-furancarboxaldehyde 11.458 126 C6H603  24.55%
7  SH-IMIDAZOLE-4-CARBOXYLIC ACID, 5-AMINO-, ETHYL ESTER 15.883 155 CO6HON3O2  1.30%
8 Citric acid 16.617 192 C6H8O7  0.42%
9 D-Allose 17.506 180 C6H1206  5.44%
10 Quinic acid 18.871 192 C7H1206 7.61%
11 Hexanedioic acid, dihexyl ester 19.329 314 C18H3404 3.51%
12 3-Hydroxy-4-methoxycinnamic acid 20.368 194 C10H1004 3.78%

“Identified compound Numbers are corresponding to peak numbers in Figure 7.
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Figure 7. Representative GC-MS chromatograms for the extracts. (A) MCU, (B)
PCU. Peak numbers are corresponding to the number of identified compounds in

Table 6.
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ABSTRACT

In this study, pathogen growth inhibitory activities were investigated in
halibut using mature citrus unshiu peel (MCU) and premature unshiu peel
(PCU). As pathogens, V. anguillarum, V. harveyi, and V. ichthyoenteri were
used. PCU had a higher polyphenol content compared to MCU and showed
better scavenging activity. The extracts were treated with various
concentrations (25, 50, 100 mg/mL) to investigate the antibacterial activity.
MCU did not show any significant effect except 100 mg/mL on V.
ichthyoenteri. PCU showed a dose-dependent antibacterial effect. The MIC
values of PCU were determined for V. anguillarum at 1.8 mg/mL, for V.
harveyi at 1.2 mg/mL, and V. ichthyoenteri at 0.9 mg/mL. In the biofilm
inhibition activity assay, MIC value of PCU showed higher inhibition activity
in V. harveyi, and V. ichthyoenteri than V. anguillarum. In motility inhibition
activity assay, MIC wvalue of PCU significantly inhibited the motility of all
three Vibrio strains. Since PCU had a higher antibacterial effect on Vibrio
pathogens, the components of each extract were analyzed by gas
chromatography-mass spectrometry (GC-MS). The antioxidant, antibacterial,
antibiofilm and antimotility of PCU might be due to the presence of 5-HMF
and quinic acid. In conclusion, PCU could be used as a natural antibiotic of

Vibrio pathogen and decrease the mortality rate of olive flounder.
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