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W2 FA6A 7154 AZAAZ AT 4 e 7HeA S gdsiag.

Key words [J citrus fruit, fermentation, flounder cultivation, lactic acid bacteria

=& (e}
225G

U gAjolde 1990 FukEE ZR)e) 93}
o st @E 1 9o, ek Anixle] 7| Zsle) m
g BIPIAZT #8 ARE FAHLE PAFRe| v, 183

= Al Ut} o] FolX FX(Paralichthys olivaceusys 3
A olFEA fElvEt A Ak FEEE, dE 2 TS o
ot A9 de] EX30, MALEE 10-27°C Blolar, A
A3k oRolth). dXe 23EEE tiEo] S F2 &
2] gidolgoz A Iy o] Akl diFE-S AREka gle
™, 200339} -, AFEL] GBS 13,000-15,0008 7
T2 FAED UTH, 19). 2 ZEHY AF He dY H
A Aol F7IAA ARSE70] A} ofshe el weh oA
9 WA 3R Adte AF Aye] WAL Y, E oF
WA 3t FHEFMT FRERS FEFl wet 22
A3 YT Fol T2 JNEZDY XAt B2
T oehs uhEsla e Aot =g AL FEL o
A FEA e AT R AR wiE 3
TG0l th3t 231 2g9] F& o] € 5 lov, 53] 4
o] oA ZHF ool i3t 9F wiEel] A ofF 4]
2 2 AA7F Aok). b ol#F EAHE A
Alol] o2 olfe] AW d, A 715y W 52 1A
Z 224 93 AR HTIARA HA B Lo B3
F7F AWHAI(11, 13, 22, 25), HAZole 224 A}

4
J

1)

N o
B

Hod

=

g
[‘10 ox, oft

2

52

*To whom correspondence should be addressed.
Tel: 82-51-240-7735, Fax: 82-51-243-2259
E-mail: ahnsc@pusan.ac.kr

124

[SJPS3
U = Y

Al F71A}, LUz} B (6, 16), TE=2K26), 1B T
W ALR A 71A9) o] BAK12, 16y olFel A Fogtozn W

57, BY, 4% 23 2 52 A §9 &%) RuH

o

£ 18

7 SHE Al AAlEo] ] BEd B ATt &
859, 77 S8Y AF 59 AL 33 Folle A
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3t o] FHuj7t YA RF ARG ALE EBE IR 2ol1 gL
< B gREL qrHe 4%0E olF Aol sk EAZ
o] &8l gt BaAo] FHIL Ue AAeltk3). ZEl
£ F2 flavonoid B3MEEA naringin® hesperidin 18] 1L 0]
o] FuidA)|Q) naringenin® hesperetin®] Ae™ I¥X rutin,
diosmine, nobiletin, tangeretin 5 2F 603 F<] flavonoid’} &
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A= A A oA T/ AR # 7[et AT DEAF 59
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ol Bad A2 10852 A 523 AlE 100 pl
£ YKFAR] nystatind T3 vl Ao =l A7 Yelg
Y712 30°C F27161A wfjtslct. Zakts cFsiAl B3t
7] 93 RAkF viR|S] MRS agar BiA| 9} AT Aeu]R|(17)
S AEEG BelE ikt oA dadAdo) $3 BakE
& A3 Fof) A2ty 5437 16S DNAS] 28914 1,524
B7IHA Y 1,497 bp E7IMES EAS F CLUSTAL W
software (EBI, UK)E H w3l HE EA390H27).

ST EN ALY By &Y

dxpH o g Falgt ko] ulYgds oz HEH spot-
on-the-lawn method (5)& AM-3l4 A A58 241
EE F722 MRS ¢4 vixo] 23 Aliakd 30°CHA] 16-18

rdase ¢ | 4 vixe 9% 125

Az W & uidds mAEiR] 3 u AABIA 30°CoA
187171 w3t 5ATh. ColonyZt B AAul =)ol A vzt A]
TS 5%x105-5x107 CFU/mIE &3+ MRS soft agar (MRS+
agar 0.7%) ¥iA] 8 mi& Fof 23 thg AAlFo] w2 FA uj
POl A H ¥ 3, spot T=Hol] WA= AS A ] =
712A FEEAEE ARE AT

AAE At FAHL well-diffusion assay P2 A}
BFATHS). AlF ol 1% T2 MRS soft agar (0.7%) =9
A7 8 mme wellS VST Yx}FHow By Ao wjok
4 100 piE 718k} 7t AlTre] HALZolA 184]7F v g3t
well F91¢] Yehde A& ARA8e] F7]0l we} Aikte] 3t
295 2R B3, S el 2akte] uig
459 1 N NaOHE 713t F38b8tAY a-chymotrypsin,
trypsin, protease type IX ® type XIV 59 ©hld B ELE
A g H, Aol gt a8 AR gadad o)
A}, f71 e il 58 A3

OME WS 28t ZE UEE M=

AFE FAFE 7 23 UM, ZH)elA F
o Auigel o3 ApiE S FAs ARSI o] o,
7o) B FEE 11.0 Brix, AHEE 0.85019.00, 722L 1
AE TR HF=S V= 43 E4sta, Al A2
o 742 20°CoH A BASIH T Akt HEE 93 7R wixg
© MRS (Difco, USAMIAIE ARSI, 7H E4i9-e Hgo
wE} T5& sl AN L lactis W-442) Bk 50
ml2] MRS7} #7}E 250 ml Erlenmyer flaskol| A 18A]17} Zul
&St T, ©]F 200 ml MRS7} 718 250 ml Erlenmyer flask
oA 28°CAlA 150 ipmOE F& vjjslgom, Axe) AAe
600 nmol|lX9] FHEE A3 eIt ikt nag
2= agar 1.5% (wivyF EFE MRS FHHTAMIAE A&}
R, 470t} FURE BRI S o8-8t Al w3t

Flavonoid2| 24 % Mg

22 AAYAANN AFHAE FL AHBE BEY
flavonoid®] #-& BIw3] Y8t 532 methanol (MeOH)S
ol 2A|2F B 2 50E FE% F, JAF A2 AR3ITh
MeOH FZ&& 557 843t & chloroform, butanolZ <=3}
Ho g FZ3te RE3ln 2 £YES A3 AxAz ¥
MeOHS ©]83149 5 mg/ml, | mgmle) 4L Hem IYF
& #3} high performance liquid chromatography (HPLC)3}S
o}, Tl naringenind} hesperetin®] 332 =43)7) 2%
HPLC #4x71°Z+= Shimadzu LC-6A (Shimadzu, Japan),
YMC ODS-18 (4.6x250 mm, S-4 um, YMC, Japan) column,
0.01% trifluoroacetica acid (Sigma Co., USA)’} T 30%
acetonitrile (Merck Co., Germany) 89, < 1.0 mV/min®}}
21 photodiode array. (Shimadzu, Japan)’} AX® A&7|2
A& Th21). FHlEA| flavonoid % A EE naringenin (Sigma
Co., USA)T} hesperetin (Sigma Co., USA)S T3} 99} 2
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< HPLC ZZAA £43dh HPLC HE7IE
flavonoid®] F=ol| WE peakd] HH-S ZA3t 48 2|59
x| of vlwsle 1 -2 glsia

AEol H AgEd
Ao A |1 e AFE W Gl

e Alolz AFustn SR EATAR 2R F AF
of AREEIAT. A¥ole APMNA| A, Bt W7 8.94£1.04 cm,
AZ 854294 g& A2 FTh Agele 2 15 vy < 2
ton (¢ 150x100 cm) T2 YEY FRP F=olA 797 £
AZ o ARRslth AEE Alg e Al JA)E vl
722 BERE 0.02-10% H7bste FFAIA Azt 43t
AR Bojgke o]fF2] 1.0%E 2-33/d FFEEA 165 7
Fosidnh. 72 FERES AR 2 AEE 22 e
Foale dizroE gtk 2 W % 1 ton0]eH, 1
A 15-183] BFAZTE AY VI Foll L, EELNAETHDO-
meter, DO-14P), pH (pH-meter, HM-12P), @&-& FSFARA (S/
Mill-E, ATAGOYE AHE-3t 19 HE o2 S783t3Tt.

Znp o E

SRS = Mg B W SN

AR A Bk vlF) MRS agarE ARS8l B3 & 600
o] ZHitel widds tideE HIE spot-on-the-lawn
method (5 A3l 84S AV g4dol 718 %
g 7l W44E HE AR HE A" 7 waas
TR, AJ)E 0.6-0.7x1.1-1.55 pm ©]AT}. I+ W-442] 16S
IDNAS] 28014 1524 @717X12] 1,497 bpe] 71L& 24
sl o] AT 165 DNA F7|A93} CLUSTAL W
software (EBI, UK)Z H|§ ¥, evolutionary distance %
phylogenetic treeZ 238 B3} Lactococcus lactis ATCC19435
2 Lactococcus lactis ATCC19257% 2tz 100, 99.4% UX|he
AL ERA3)a1, HFHOZ L lactis W-445 FH R THFig. 1).

L. lactis W-442| &3 &Y

L. lactis W-44 @37} AAshe a8 A AR 9
3l well-diffusion assay "HHEZE WY A5HS APl gt
GFE-S ARSI 1 AE Table 10 YeEMIIY. =AM
A8 F\A Lactobacillus % 87 TF, Leuconostoc & 57N
T B Pediococcus & 3 57t AR o3l ASo| A
HAt 2AE HYAdTH BlTd 5 Listeria monocytogenes
KCTC 3710& A 93¢ Candida albicans KCTC 1940, Bacillus
subtilis KCTC 1013 & Staphylococcus aureus KCTC 192891 T
M a8l gl RoZ veht aF FAMTw At
B4 22 FAStHth =3 L lactis W-44 HoFAS Tyl
A B EAQA a-chymotrypsing sl TFEAHE ARG
A, gagdol AR AR Hol L lactis W-447F AAE
Shs G EEL peptide AEE ol FEh

Kor. J Microbiol

Lactococcus piscium NCDO 27787
A__!Eactacoccus plantarum NCDO 18697
L finolactis NCDO 6177

Lactococcus garvieae NCDO 2156

lactis subsp. lactis ATCC 194357

Lactococcus lactis subsp. cremoris ATCC 192577

r[Lactocaccus lactis W-44
L

ATCC 123447

Leuconostoc mesenteroides NCDO 5237
[—_— Leuconostoc lactis JCM 61237
O oeni DSM 202527
I: Weissella paramesenteroides DSM 202887
Weissella confusa DSM 201967

Lactobacillus platarum JCM 11497

Pediococcus damnosus JCM 58867
Lactobacillus casei ATCC 3347
Lactobacillus delbrueckii JCM 10027

Enterococcus faecalis ICM 58037
Bacillus subtilis NCDO 17697
Clostridium butyricum ATCC 193987

Escherichia coli

0.01

Fig. 1. Phylogenetic tree based on 16S rDNA sequences showing the
position of L. lactis W-44. Scale bar represents 0.01 substitution per
nucleotide position.

Table 1. Antimicrobial spectrum of L. lactis W-44

Antimicrobial

Test microorganisms ..
g activity

Lactobacillus brevis subsp. brevis KCTC 3498
Lactobacillus plantarum KCTC 3099

Lactobacillus plantarum MT-13

Lactobacillus viridesceus KCTC 3504

Lactobacillus parabuchineri KCTC 3503
Lactobacillus vaginalis KCTC 3515

Lactobacillus confusus KCTC 3499

Lactobacillus paracasei subsp. paracasei KCTC 3510
Leuconostoc pseudomesenteroides KCTC 3531
Leuconostoc carnosum KCTC 3525

Leuconostoc lactis KCTC 3528

Leuconostoc mesenteroides KCTC 3100

Leuconostoc mesenteroides supsp. dextranicum KCTC 3530
Pediococcus dextrinicus KCTC 3506

Listeria monocytogenes KCTC 3710

Staphylococcus aureus R209 KCTC 1928
Escherichia coli KCTC 1924

Bacillus cereus KCTC 1013

Candida albicans KCTC 1940
+, weak; ++, middle; +++, strong; ++++, very strong; -, none

SR T I I 2 T IR I I
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Fig. 2. Changes in the composition of naringenin and hesperitin in the
citrus (Citrus sinensis) fruit fermented by L. lactis W-44.

L. lactis W-44 250 2|8t Z}=2 LH naringenin®} hesperetin
EER=El

7 B8 MRS iAol 10% (viv) HI=E F7138led, 719t
Be &, FulFE L lactis W-44F FHEIIA 28°ColA 150
mpml 2 Fg wjdsly g LES 39Tl Naringenin
hesperitin®] S L. Jactis W-449] HZE AAH A 124, 188
ng/gho}, viek 79 Foll= 1295, 1105 ng/gl 2 71F2] &
Hroh 1048, s9u] Z7MelAhFig 2). T3 naringenind}
hesperitin®] &L L lactis W-442] ME Ao} EFu=
exponential phase 715-E] F7}817] AlZsleH, o]= vy
EAshe gige] g FAl wWlFA flavonoidol] ZAFE
o] Sl FRE BAY0E AMSEY] W2 Ao=E d e

FEEEEY P 9A Gl vX= 9% 127

HEUSE FIIES 24 YR Y& 53

L. lactis W-44Z HEE 7EEEE0.02-10%, vwy= A7t
AIRE F93te 1673 ARSSIHA w45 HH0E AT 2
AL 2T AFE Table 29+ 30 EAISIATE Table 28] 2
ol VRt vk} 2ol 4F Fu F LA ES WA &
2 7Y AL 15.941.8 cmZ 177%2) A4E-S vehd u
W, 02%9] AEdEEs AW APl 158519166+
1.8 2A] 178-186%%] AFES YePI o= A 2+ HF
45% AT o & AZETE YT =3 AT A,
Table 3o HAISH RAXH HEZFE HE 5054169 g© 2 579%
9] 3-8 veRd WA, 02%2] ZELEES HUIgE APl
Ae ol 700%S] GA] AFES VERHOEAR dizT] Hs)
209% A% O & AZEHAS YA S, oA HARE
o] A AFARA] AR Xlojol tinIEle] 2T 13%,
Zt APFAAM T 9-15%= 2} AP EE ] Aol U
ouAE PR, BiRTe) HlE) & xjo)r} fle Ao ERo}
e Fo2 Q03 B4 AR e fle A= AlEHT
o|¢} o] ZHETAEE o3 XY AS FXAAE L
lactis W-449] @A} o] wtol} & 3t&A, 7 Fud] 84
3 flavonoids L THFe] HIEMY] S 7]213r Ao g ojAwr,
ol#st Arje B AF AH8H AEdaEe] g 4%
o] 25 7184 AR H/MHAERE AME AJARERL Qi

wEba 2 AFoA gX] FAAES Tt HEE ikt
ol wEH e LEES MRS gA] FAojs Ak
A5, 8 A 7= I FAA JHX ] F7te 719E
F AE Ao Jig

Table 2. Changes of total length of Paralichthys olivaceus by oral administration of citrus fruit fermented by L. lactis W-44

Treatment concentration Total length (cm) Growth rate Relative growth rate
(%) Initial Final (%) (o)
Control 9.00+1.01 15.94£1.85 177 100.0
0.02 8.87£1.05 15.79+1.89 178 100.6
0.1 8.98+1.05 16.42+1.88 183 102.8
0.2 8.92+1.00 16.61+1.75 186 104.5
10 8.92+1.10 15.94+1.72 178 100.6
Table 3. Changes of body weight of Paralichthys olivaceus by oral administration of citrus fermented by L. lactis W-44
Treatment concentration Average body weight (g) Growth rate Relative growth rate
(%) Initial Final (%) (o)
Control 8.71+2.89 50.47+16.91 579 100.0
0.02% 8.40+2.95 48.84+16.51 581 100.3
0.1% 8.6143.11 58.06+£19.42 674 116.4
0.2% 8.341+2.64 58.41+16.49 700 120.9
10% 8.44+3.09 49.244+15.58 583 100.7
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ABSTRACT : Effect of Citrus Fermented by Lactococcus lactis W-44 Isolated from Kimchi on Growth
of Cultured Flounder, Paralichthys olivaceus
Min Soo Kim', Sang Wook Moon?, Young Don Lee?, Se Jae Kim®, Yeong Jin Kim®, Jun
Won Lee®, Jeong Hee Lee’, Jung Sook Lee', Bo Yeon Kim', Jong Seog Ahn’, and Soon
Cheol Ahn®* (‘Korea Research Institute of Bioscience and Biotechnology, *Fermentech Co.,
*Marine and Environment Research Institute, Cheju National University, “Department of Bio-
logical Science, Cheju National University, *Department of Microbiology and Immunology,
College of Medicine, Pusan National University, “Medical Research Center For Gene Reg-
ulation, Medical School, Chonnam National University, "Il Hae Co.)

We evaluated the use of citrus fruit fermented by lactic acid bacteria, as a feed supplement for flounder (Paral-
ichthys olivaceus) cultivation. For the fermentation, a lactic acid bacterial strain W-44 showing antibacterial
activity was isolated from kimchi. From the phylogenetic analysis based on,16S tDNA sequence, the strain W-
44 was identified as Lactococcus lactis. After the fermentation of citrus fruit with L. lactis W-44, the contents of
naringenin and hesperetin, bioactive flavonoid aglycones, were increased about ten-fold and six-fold, respec-
tively. The effects of fermented citrus fruit-based feed additives (CFBFA) were tested on the growth of flounder,
Paralichthys olivaceus. There were significant differences in average total length and body weight between the
experimental and control group. The growth rate of the experimental group fed with the 0.2% CFBFA-sup-
plemented diet was increased 4.5% and 20.9% more than the control group in total length and body weight,
respectively. These results suggest that the fermented citrus fruit could be used as a functional feed additive for
flounder cultivation.



