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SUMMARY

I. Tide: Development of a low salted egg of pollack by using immuno-active lactic acid bacteria

and citron extract

II. Objectives and R&D Necessity: Fermented fish products(Jeotgal) are the effective storage-type
food for small fishes caught in short period of time and easily manufactured using fresh law
materials and sea salt. It is reported that harmful bacteria tend to be grown during fermentation and
storage period despite the saltiness is spontaneously increasing after fermentation. High salt food
representing fermented fishes are claimed to be responsible for the high blood pressure, heart attack,
and chronic diseases for adults. Therefore salt content in the high salt food should be lowered
somehow in order to gain popularity of the general consumers. Recently, it is very obvious the
well-being trend in terms of dietary life among the Koreans. Accordingly, foods rich in
high-protein, low calorie, and low salt are more favored than as it used to be. To keep pace with
the overwhelming trend, this project was planed and has been performed to develop a low salted
egg of pollack with some healthy functions by using immuno-stimulatory lactic acid bacteria and

citron(Yuzu, Citrus junos Siebold) extract.

II. Abstract: Recently, it is very obvious the well-being trend in terms of dietary life among the
Koreans. Accordingly, foods rich in high-protein, low calorie, and low salt are more favored than as
it used to be. To keep pace with the overwhelming trend, this project was planed and has been
performed to develop a low salted egg of pollack with some healthy functions, which contains
reportedly high level of several vitamins and calcium, by using immuno-stimulatory lactic acid
bacteria and citron(Yuzu, Citrus junos Siebold) extract.

In order to obtain immuno-stimulatory LAB from various types of fermented foods and fruits,
154 LAB isolates were primary isolated and an isolate FBT215 successfully screened among them
via in vitro test for immuno-stimulatory activity such as a MTT assay and TNF-a to RAW 264.7
cell-line, cultured at high concentration in a large scale using the whey-based medium supplemented
yeast extract, which carries some benefits in its industrial applications because it is edible and
cheaper than the common growth medium(e.g. MRS) for LAB. For cheap production cost,
fermentation variables have been established in the process of 5L jar fermentation through this
study.

Citron extract was also examined for the presence of the anti-oxidant activity. Each sample
containing the functional LAB strain(L. plantarum FBT215 0.5~2.0%, w/v), the citron extract, and
adequate amount of vitamin C(1%, w/v) was added to obtain synergistic effects in the low salted
egg of pollack has been monitored in the changes of viable cell counts during the 8 weeks of
fermentation or 4 weeks fermentation for the samples of vitamin C supplement. Test products were
manufactured according to the developed method and evaluated for the overall quality by 20 trained

sensory panel, resulted that the salted egg of pollack with LAB and citron extract was more



preferred to the conventional products mainly due to masking fish smell and pleasant orange-like
flavor.

Total outcomes of this project are as follows: one poster presentation in the 7" Asian Conference
of Lactic Acid Bacteria, New Dehli, India, two applications of domestic patents, and one original
article in Current Topics in LAB and Probiotics, 2013. The newly-developed technology will be
transferred soon to Booil Food and marketed after design of the test product and labeling issues are

thoroughly reviewed.
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1. fatete] 2, vl 2 BE

UEAE U AATE FHRTES Besh] Aokl AW ARE 1 al B 198 Hska
ZAl 0.85%(w/v) Ag|Adgo] AR 3|Adste] MRS(Difco, Detroit, MI, USA) agar,
cyclohexamideZ} 4.5%(w/v) E¥H MRS agar, MRS(pH 5.5) agaro] ZEA =gt & 30T
incubator(JSR, JSBI-150C, Korea)oflA] 48 hr wjo¥x|zt}. ZEe|® #F= 20%(v/v) glycerol

° T gly
LMo FEISI] deep freezer(-80°C)(Ilshin, DF9014, Korea)ol] Yol BEHUSIH A AAHo] A}
glaic

|-2rd 258 &S API 50 CHL kit(Biomerenx, France)Z& o|L23lo] HZ-Aslgch 27!
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B 283 (API 50CHL KIT)

1. MRS plated] &2 Ho+= colonyE WFo|E o]-&3dto] i gict

2. API 50 CHL kito] 2|3t F& Zo|Zr}

3. PipetS ©|&3}o] pipetingS 3Tl vortexing £7})

1. API Kit wiTlo] B2 %2 ¥ 2L Hgn 278 AAC

5. Strip2 =gt}

6. Api kitE 7|22l ArefollA] 1000ul pipetlZ 7|E7F A7|A] UAEFEH #2 F CHL mediaZs
Y=t

7. Mineral oilo| 9|2 &% Iz} & uf 7% Hojeit},

8. IncubatorofA] 37°C, 24A|7F, 48xA]7t wjjof T &4 AZES FHelslc},

Apilab Plus Software, Version 3.3.3(https://apiweb.biomerieux. com/servlet/

Authenticate?action=preparelLogin).

faba RelAw | ST e ] 3
HE A HK-1 Lactobacillus brevis API 50 CHL
Wl E=7A A1 CK-1 Lactobacillus delbrueckii ssp lactis A5
v =71 %] 2 CK-2 L. plantarum AFE
w71 %] 3 CK-3 Weissella kimchii s
w7 X)4 CK-4 Leu. mesenteroides A5
AFAA YK-1 Weissella kimchii s
3 HS-1 Leuconostoc mesenteroides A5
524 0C-1 Leuconostoc lactis A5
Qo] CC-1 Lactobacillus plantarum AFE
w481 B8 Lactobacillus brevis A=
A2 B9 Lactobacillus brevis A=
w423 B15 Weissella cibaria A=
A2 B18 L. paracaseil A5
A2 B22 L. sanfrancisco A&
A2 B23 L. helveticus s
482 B27 L. plantarum PR
A2 B28 L. casel s
AA X = NC-1 L. acidophilus A=
A GP-1 Lactococcus lactis (Lc.lactis) s
I | EvlE TO-1 L. plantarum A
= TG-1 Leu. pseudomesenteroides A5
ujj = CH-1 Leu. mesenteroides s
Ai | 0] CU-1 L. plantarum s
ul= GA-1 L.casel s
3 ZF PC-1 L. plantarum A=
g1 YO-1 L. acidophilus A=
Llgse ) YO-2 S. thermophilus A=
ugH3 YO-3 L. bulgaricus s
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g H4 YO-4 L. gasseri A
Ll YO-5 B. longum s
UwEH6 YO-6 L.rhamnosus s
g 57 YO-7 L. bulgaricus A5
Llgse ] YO-8 L. acidophilus s
Ll e) YO-9 S. thermophilus s
32 2 A8d 26 447 5E
WE H§ WE ng wEy
1 L. plantarum NK181 9 L. lactis FBT22
2 L. plantarum KTCC 40013 10 Leu. mesenteroides FBT25
3 L. plantarum FFL82 11 L. plantarum FBT26
. Leu. mesenteroides.dextranicum
4 Lc. lactis FBT10 12 FBT 27
5 L. paracasei FBT13 13 Leu. cremoris FBT28
6 L. helveticus FBT15 14 L. casei FBT30
7 L. acidophilus FBT18 15 L. plantarum KCDO 1935
8 L. brevis FBT20 16 L. bulgaricus FBT33
% fAIE BEUFE AAES WRS-azide WAIRIIN FAlo] FEY FRE AEstel WA
A ZHof o]t
o -3 d = =
28 At wElFe Hogy S
RAW 264.7 cell-line2 oA 2] thAMEES cell-lined} 8 ZloeTE HAdEAd Ao d
2] o] &= activationo] &o|ste] Hn|FHo 2 Helo] Fhesioh( Lyl 3-2).

1. 4t
15000 CENII
23te] 2

pellet?} £33 £ 90CE =& XA3l water bathE

a3y 3-2. RAW 264 7 €l A}XI(X400)

A® A2l FAtES 24hr HlS
)& ©|&3to] pelletS |23 4

e

5
=
=4

9]

1m12] EP tubeo] &5
A

Ag AAstgrt A5

o

16 -

5}tod centrifuge(Vision
A F salined °]
T HBSS(Hank’s balanced salt solution)E ZF52 1:9Z FA3t Zlo=x
o|-&3sto] 0L AHE =N F
=7} 0.1(0.D @650nm)o] %



2. MIT assay: MIT assay= A &2 H3rS U2 FEAMEL HEAT

A |7t F=AEL A oH J¥FES FE= 7HE HASHI] fIst] MIT assay(7)E ©]
odr
AA

toiTh.

ol

N

}. A8 (protocol)

1. cell suspensions haemacytometer& A}-23}o] counting¥t T}, 96 well plate?] Z} well
o fdt= AF 5= cell FF9 180ulE Y=t}

- Blank : ®j=®] 180ul®} PBS 20ul.

- Control ; A|E5-7 180ul2} PBS 20ul

2. F3sIALAL st AR PBSOf| ol ¥ EEE 20ul® 2 wellol H7IRiTH

3. »dAHAZt incubation¥tC},

4, ANBE #HAASIE, ZF wello] MIT solution 100ul® & 7}sic,

5. 4X]7Fs9t incubationA]Zl F MIT AL ZAAHA =] A3c},

6. ZF wellof] 100ul?] DMSOE A 7}sto] 15-20= 7t plate shaker® EE5o] U},

7. ELISA reader& A}-835}o] wave length 540nmof|A] SHEE ZSA3Icl

(o] FHE= MIT7L MEL] 23] #F(H S bl 7} wello] Exfiste AE MZ424 ]
gzt )

a2l 3-3. J\]EJQE]TS} RAW 264.7 cell-line ¥ 3-4. 2 ¥} & MTT assay 23
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0.D(@540nm)

035 T
03 1'
025 *l '- .l lr—
02
015 +
01
0.05
0 ; . . . . . . .
control HK-1 CK-1 NK18140013 FFLB2 CC-1 YK-1 BE B9 Bl2 B1S BI7 B22 B3 B27 FBTLO FBTLS FBTIE
%! 3-4. MIT assay &3 ZAZ(1)
O.D(@540nm)
0.35 r
0.3 1
0.25 'l 1 1 1 1 1 1
0.2 -
0.15 o
0.1 -
0.05 -
o -
control FBT20 B28 YO-1 FBT22 FBT25 FBT26 YO-2 FBT27 FBT28 YO-3 FBT30 1935 YO-4 YO-5

2l 3-5. MIT assay 3 A3 (2)

9] Z&(28l 3-4, 23] 3-5)2 RAW 264.7 cell-lineof] 22|55 A g|5}o] MIT assayS &3
gt Aztoltt. ZAFpo]l vbelyt Hi2bzto] HK-12} CK-1, B9, B27, FBT18, FBT20, B28, FBT25,
FBT26, Y0-2, Y0-3, FBT30, Y0-4. Y0-5 S(#tztA FpArE FA]) = 14702] Ee|FolA RAW

264.7 cell-line2] ZHol A @sfol gAL, 24& VAT TS 247 Halsjart
3. Sandwich ELISA

IL-1as A5 X FAE AT ME (epithelial cells), I M|E (endothelial
cell) 5ol 2J3] el AFR-SS vi7iste cytokineo|t}. IL-1¢fl= IL-1a®t IL-1B9] +
7tz o] Q= oFofl A= CD4 T cellZ} B cell?] A3, AZNZE 213 4

itk

_18_



B AL MIT assay A3} RAW 264.7 cell-line ZAlo] E&& FE= & 24718 B3
E Mwslo] Sandwich ELISA A#8 28 4=3s}eit}t. ELISA A3 (8)2 Komabiotec?] ELISA kitE
18312 IL-1 alpha®t TNF-alpha®] W& zS& 72t 35kt

N

-

7}, IL-1 o 23 A3}

0.D @ 450nm =®==|L1-alpha

15

0.5

1T

0 conc.(pg/ml)
10 100 1000 10000

1% 3-6.IL-1 alpha®] ¥=4 FFJ49 FA4

2] 3-6& IL- 1 alpha?] 52 ZA35}7] ¢5te] standard DNAS =S HE A7}ste] =
gt ZEFAolnh. 134 L}E}‘z uie} Zho] thek 2000(pg/ml)7HA] H%2} 0.DZF Aolo] 2

472 st

Y o

-

8

II-1 alpha cone. (pg/ml)
g

]

300
2
' 1
o
& & “?’

é‘ Q\Jr(j-*&i?'h"@. -\."Q?’ﬂ?‘t\@

-&'@ -0("

o] Ql “J
o¥ 4
e 4‘% "".‘W ‘;" ‘;" 6’

Strains

a9 3-7. fAE E8F9) tigk IL-1 alpha W@ v

% 3-7& RAW 264.7 cell-lineo] E2|FE A J}5te] IL-1 alpha®] U&HFE H|ZLFE Zlo]



T ol utebt vieh o] FARt 24708] |5 FollA FBI267F 71 =okTh

TNF-a= 2k Zhdol osiA Ade] AMEe] 9= 54 (bacterial endotoxin)
Q1 lipopolysaccharide (LPS)ell 2Jafl E/d3td ol 2JsfA rhEo|XIt}h. LPse] ofo] A2
A9= WF-a7b A2 o ABdEo], WEFL Ao 2HEsto] T4 A FIFHEGo] LiE}
Lt o] A AHTL.

U TNF- o ZE AT

O.D @ 450nm

1.5 -

1 LA

)
//

10 100 1000 10000

==@==TNF-alpha

conc.(pg/ml

28! 3-8 TNF-1 alpha?] s ZEFIA 2

23 3-8 TNF-alpha?] ==HZ LIElW Zo|c}

1200 -
= 1000 -
E
S
&Sm
e 600
o
L
o 400
s
TP 200 -
LL
z ot
N A o 2
'CP ,#r ¥ *_& ,‘.&S\' 4;- @ '@ Q.'\ q;" ﬁ\' @r g .\'&ﬁ.{‘-ﬁ.{‘r ;,;P :.:'v L{" ";"' A ‘(\3:
Strains

a3 3-9 §4tdt EeE S0l tigt TNF-alpha W& vl

% 3-9& RAW 264.7 cell-lineoll &2|FS A 7}5te] TNF-alpha?] L& akS H]3F Zlo]
o,

_20_



E of] RAW 264.7 cell-lineof|A] IL-1 alpha®} TNF-alpha”7} wto]

casei),

1A} FBT26(L. plantarum), B28(L.

YO-5(B. longum)©| RAW 264.7 cell-lineo]] Ad38F2 Fo] cytokine (IL-1 alpha, TNF-alpha)o]|
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15%

—p— MRS
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&60hr

36hr

Incubation time, hr
37CollA 10%, 15% -S-Auj=x| 2} MRSE o] &

1Z2hr

A% vl
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=

%! 3-10. L. plantarum
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VRS llupl o} u]5qt HEE ARl BASH: 2 Halsirt

2
R=)
kit
do
r)'
44
lo
ok,
Ho
(K
i

b 71444

E
=
% 12 =—#—Yeast extract
8 == Soytone

- Beef extract

0s = Aalt axtract
1]
0 2 & 9 12 15 18
Incubation time, hr
a2 3-11. 53R (10%) = L. plantarum?] Z2lof n|x]= {7]| A2 o

O 3-112 10%8] ERHUAE 72 viXEste] thfgt i whE ndEe] S4
Gl

HES}L] 9|5}o] yeast extract, soytone, beef extract, malt extractE& 1% 3 7}s}o]

)
Moo o

Az T The Faht FAE Y 7 18AI7HR] ST A3 fU1A4LL] Rl niet
H FAlo] zto] 7t olglon vﬂ’éié’d of| A yeast extractZ} 7H3 -3ttt

t}. S7|AAY =vo]| wE L. plantarum®] A< 5}

3 |

25 s
2
E ——0%
E . ——0 50%
= 1%a
=
=~ 1.50%
—— 00
05
o
o 12 18 36 a2 60
Incubation time., hr
= 3-12. A (10%)v]#x] & yeast extract?®] %" L. plantarum?] 2!
TUFEwRo] 2YH FIEAHUSE JH thEA Q] yeast extracte] HIIEo]| ulE o
A ZUAES es0meld FRES ZAVOSA 40 o 2:(2Y 3-12)o] Ushdulel
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Zo] 7128 AYORE yeast extractE 1.5% F7}ste= Zo] AYsirial gietE| Tt
79 o83yl 9B TR ELS Agsfolste

Alcalase?] &3}7F 71 943519 tl(data not shown).

3 3-3. HWYEwj=]e] 24 9 27}

A7 7} /kg Lg 7k4  HaL(MRS)
Whey powder(4He]f71&) 25 g 3,000¢ 754
Glucose(=4h) 2 g 10,000 404
Yeast extract(=4F) 10 g 20,0009 2004
Alcalase(=r4h) 01g 43,0004 439
Ammonium citrate(th ) 2 g 13,800 2894
Distilled water (total) 1L
386¢ 12,0004

H 3-32 fHEU(AMAG7IE)S 7I|RE Sto] 73t HWYE(Hydrolyzed whey yeast extract
medium) Wi x| 2] & z/dolrt, wix] ILE AR3L7] fIshA] 8 &Y 25g, yeast extract 10g,
alcalase(=4F) 0.1g, ammonium citrate 2go] AQE YT} o]|ZAS ZAoF FHaltslol S uf of
2 BeHA o, FFRF AR, AVE F FrhHlE&E LSS B¢ of 1,008 FE7L
d Jleg FAFHTL AFolAM Fatd v viAE de] AHEELL Q= MRS wiA o] B¢
1L A ZA] 55ge] AQERZ o|Zlo% Fooz TSt of 12,00040] HTh & oA
ZH3t HWYERiA]= MRSui=] 2] 1/12 FEe] FHof &2t S8 Y] A= it vl

&& wixIZE i EgiTha wiekstolTt

13 faFe o wje W nEzd

ST EERL

(1) uf=] A4t ©t7H(1kg)

°| & 714 /kg A7V vl A 1kg@d 7H4
ey 1,850 25g 4691

Yeast extract 7,000 10g

Ammonium citrate 2g

alcalase 43,0004 lg 449

Fes(SO4)3
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I RA2Y 2568 FF4 250nl0] Selc
2. pH 8.00f 2tz ZZA (1M NaOH, 1M HCI1)
> Aol olgo] s pH AUAE ol g3te] HE 23

3. Alcalase 1g E7Hwhey protein oFe] 2.5% — whl A 71433317 ¢|s1A])

o= Bul - 90% 2Tt + 10% SFThA
4, 3A|7t=<Qt Water batho] AX](50T)

-> AAFA o]-§o| 7HestEF 50ToA o] -§o] 7He3t Fule] Fu] o3

5. 750ml 8] FFT2 FM (4] )

6. Yeast extract 1xo]Ar & 7}(10g o]A})
7. Ammonium citrate 0.2% &7} 2g)

8. pH 7.0 o]AF ZH(IM NaOH, 1M HC1)

> WA ol-go] ZH5T pH ARAE olgalo] Mw 23
9. Autoclave 121 T, bmin
-> @AM o]&o] 7HsgE Autoclave H] o

(3)¥h
F-AHu) xS o]-8&35lo] WRZ(SL Jar fermentor, Biotron)2} AtZ+=
plantarum& vje¥staiti(9). &7] Working volume2 2L W7, 2 7 2]
< AR5ty WaERY Nt S 2= FHAEEQ 50rpmS 2 519l o, pHiE N-NaOHE
o] 6.5 XASIPY S DO(LEA4A)E working parametero| A =] 2]steiTh

3 3-13. L. plantarums 7853to] HWYEw|X|of njjerFel &

_24_



a2 3-14, W §{ F2] controler :

otg] 22 9| Jar fermentorE o]-&3te] L.

#|ste] 0.0

A

A3 Aztolct.

2.5000

2.0000

1.5000

1.0000

0.5000

0.0000

l/_/ 0.D @650nm
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4.5000
4.0000 A
3.5000

3.0000 \
2.5000 / \
2.0000 / \

1.5000 \/ t

1.0000 ——
0.5000

O.D @450nm

0.0000 T T T T T T T T
0 3 6 9 12 15 18 21 24

a2 3-16. -5-3u=] (HWYEW]®])E L. plantarum v 2FA]
B 24

2] 381 3-162 Jar fermentorE& o|835}o] ujjek = L(r'esmlual sugar 0] 15A] Zhol|l A Z
A AR EE EFANE BE% 2l o7t 9lddrt. mlela, GatdF 28]FE 5L Jar fermentor

(LiFlus GX PF1G2SL05, Biotron)& A}-g-5fo] -F-7pufok o]-°"E]- e A ’5‘3&7]’5‘ o] A Eo]

OHIT

7] wiEel AtAhes FUAFIR] ekt IREE F 4 rpmel 50rpmeE LA BLLL pHe 6.5 R
Aottt MorStE B pHEAL N NaOH OIS o] BIHATH MPLEE FTE A%
Th loste Bet SAE REFAE SANEN B ARs] ffFol DSHE ol gstel B
WEE ZAHL BolSt ok ML 40¢ glucoseBUG WY A 124 7] 6417
BHo% Arkstgrh AAon HE AT el B FAS Aol U7l AN B 36412
¥e stalil, 6A17 A2 A e Ast ARIAY, BHLH S STt

35.0
50ml 100ml 100ml 100m|

| L

RSS concentration (g/L)

15.0

10.0 ~

50 A

0.0

0 6 12 18 24 30 36

Time(hour)

a9 3-17. §-3vlR|] F L. plantarum 713t Zrdake] W3 (37C, pH 6.5)
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a3 3-19. HaRAY BE

2day
Az F Ao HEH(AA)

7% 3-193} 3-208 WlZEtd S ul fAtE BTlel s EFAAAE ndEe] JAH S

& pacteriocing HH|slY] TIE nja&Ee] ZAle odzsict 23 7S MRS
brotho] ®jokst 2 1plE EP tubeo] EF3lo] AR E sty AM=olS (. 45um syringe
filter(advantec)@ o3t Z& pH 6.58 ZAFsIPem BX7]|Z o]&s] 2X ksl

bacteriocin A &AL A &= AFR3ETH10).

J

I 3-4. FAbF 28|57 A4St bacteriocin YA n|AAE x5 &3}

Bacteriocin® &4+3-4
a5 45 9@2X) Listeria monocytogenes E.coli O157:H7
KCCM 40307 ATCC 35150

B28
FBT26
YO-5
YK-1
CK-1
FBT18
FBT30

O D moow e
+ + + 4+ + + 4+
|
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a3 3-21. f4bd #Fel52] L. monocytogenesoll th¥t 32
(A: B28, B: FBT26, C: Y0-5, D: YK-1, E: CK-1, F: FBT18, G: FBT30, H: control)

F 3-4zF 23 3-213} Zo| 7oA L. monocytogenesol] Tl 3 AEHAAS FHelstalrt. 53]
2|5 B(FBT26)/d 5ol A 2gtedd, 23t3d AHdE& BT Asiste= Z3 bacteriocin®]
& #Helsialrt

<4

a®l 3-22. e FBT262] E. coli 0157:H79] tjgt sli&Ad 3ol
(A: FBT26, B: control)

&3tod
= gt }~ °14—r 45 Coﬂ}\i 53
YesRastHA Aol A8sieiTH o2E  Ecoli O0I57:H7, L.
monocytegenes, Staph. aureus, Shigella sonneiS AFE3SIoL, FAFERES Ao 1
1/4, 1/5, 1/10% 3]A35}o] 50ul®l A7} sttt BHI agaroll 0.85% soft agars £Z5t= Hl

HE A3 e, paper disct Advantec(@ 8mm)ES A}-8-3}9ict.
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oli 0157:H7, L.
Falstgrt. o

AU PFEE(I), S(ASHFEEIAE $F BAel Uehix gkt
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Total phenolic standard curve

0 50 100 150 200 250 200
Gallic acid concentration (ppm)

% 324, % shmel EEATIA 2y

Gallic acidE Z+Z} 50ppm, 100ppm, 150ppm, 200ppm, 250ppme] wE=Z 3F|A3}o
Folin-Ciocaltu reagent 0.2ml% Y3 vortexd}o], 657t Ao ®Ix]3ic} 7% Na2C03 2ml S

Y vortexsto] 907t Al2obA Abefo|A ®lx|& 3 750nm Spectrophotometerof A FHEE
& S35t Aol & o8, AHAE st (12,13,14). 2 ZA2b 99.87%2] lineargt
AE Ao v BItoll AMEStPTH R 3-24).

25 §9le] & phenolic T A Az, #xF (91.1#12.9mg/100g) 2t 71%]
(80.1%11.4mg/100g) 2] Z}SollA 1 &aro] vhE U] 253t wlzste] /2%t A =4 o
gom, I rhFo® Wi, Azt wpvid, Fe], v, AEE $oF UEWrh (27 3-25).

A
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Total Phenolics (mg/100g)
i
[ i or] [ ] (=]
[ o =] o P [
¢ I
N =k
I - -
I
. -
-
R
-

Flesh
3% 3-25. thgt Ad F A8 F W= vld (mean £SD, n = 3).

(Duncan’s multiple range test: p < 0.05).

1800 -
1500
1400
1200
1000

s00 0 4

[
| C
400 4 cd de i r
N _ B BN N

o
=]

Total Phenolics (mg/100q)

o A 2 B > i, & o &
S + A & o & QS} 2 -4
»;3\ bob Q;'b s ,3\30 ‘b\)
o Q¢§ -
O
Peel

a7l 3-26. it Y F A9 Y F wHEHF vl (mean £SD, n = 3).

(Duncan’s multiple range test: p < 0.05).
Z}m] He2le] A, w3(1494.5+94 9mg/100g)8] & phenolic ¥&Fo] T}E 3z} H]2L3}]
45 T+AAE =A A E o, 71 9] (452. 6+32. 7mg/100g), ARS
(322.1+17. 4mg/100g), H}LLb(321. 4+38. 5mg/100g), -2} 250. 2+37. 8mg/100g), uj
(208.3+36. 8mg/100g), A}2}(175.7+6.2mg/100g), 2r2](136.1+6.0mg/100g)Z LIE}WICTE F-32}2]
A SR o M= 75,142, 6mg/100g2.Z e} 52 2SS0l 2] 91.1£12. 9mg/100g3} B] 2.5}
of GA13t A2 o A Fjogrh(2d 6-3).

(+)-Catechin® Z}Z} 100ppm, 150ppm, 200ppm, 250ppme] == ] A 5te] 5% NaN02 0.3ml S
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d 7 vortexsto] 5
NaOHE 2m]l €32, &
olgstol AAAG A
7ol AHESIATH 2R

flo r:L

fl

gt F 10% AlC130.3mlES Y3l vortexsto] 67t wFx|staict. 1IN
O 5}o] vortex¥t ¥ 510nm Spectrophotometerofx] dol2l Zhe
steith (14,15,16). 1 A3} 99.96%2] lineardt ATE o] vl 3

izl
2. 4ml
i)
-26).

w ol

Total flavonoid standard curve

o [
[=x} = Ia

OD(510nm)
- |

(+)-catechin{ppm)

Y 3-27. EelRkolE EEAZA

2}52] Total flavonoid &A= Atz}e] ZFSofA] 21,742, 0mg/100g=2 w2 =} U A 713
=7 UElY e, =51(16.340.6mg/100g), HILPLH(14. 0+0. 8mg/100g), -3-%}(9.6%0.8mg/100g),
71%] (7.2+1.0mg/100g), AZZ(5.5+0. 7mg/100g), =r2](4.040.5mg/100g), BvR(3.710.3mg/100g)
S22 Uehdr} (23 3-27).

: ‘ I I
Q

-:‘

Total flavonoid (mgleOg)

I I I g
2
& S
\l\fb\ (b'a‘:‘ + bé %\(Q?/
& &
e

s

Flesh

a7 3-28. thast A F R EetH ol HE M| (mean +SD, n = 3).
(Duncan’s multiple range test: p < 0.05)

o] F EElHkolE= A A= Fle]  (282.84+29.34mg/100g)2}  HlLLL
(280.2743. 76mg/100g) 7t ThE 2Lzt vlaLste] f-oxk A weol Hrb How, Wi
(158.8648. 15mg/100g), ZHXE% (124.53t1.56mg/100g), ®f (110.60+17.59mg/100g), Az}

N

e,
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(94.18%3. 84mg/100g), =] (41.17+4 36mg/100g), X} (26.64+2 84mg/100g), -FZIH|
(11.72%1.52mg/100g) =2 = LIElWITE (23 3-28).

C

Total flavonoid (mg/100q)
= = I-2 [R*] wa
wn (] un (] wn o]
[ ] [t ] [ame] [ ] [ [}
I, -
I -
B
| =l
o
.o
| hs
| B

S 2 o & P N2 o > o}
\L—S‘& 2, o ‘b(\ {_a_p. QQ-— QQ -:.';',.\G {\}"l‘ c..'e’e’
&F < 3O * 8 >
Q—e' {;@r _\k\}v‘
o
Peel

2 3-29. tpgEt Ad F A3 e SetieolE ¥ d|Z (mean #SD, n = 3).

(Duncan’s multiple range test: p < 0.05).

ot

(2) % EAohd

=]
Aogher 54

=

Z otE ol #reks. =517 $|5te] pH-differential method (17)& XA}8-3}¢it}. pH1.02]

0.025M KC1 buffer2} pH4.52] 0.4M Sodium acetate bufferE | Z3}o] A¥of o] &3ict A
AMZ o 3|AMuSof 2] pHl. 0 buffer, pH4.5 buffer T 7IXZE 22t A 31917 vortex ¥
dAZe7lol 7500rpm e 2 f4lie] F FAES A ASIALL, pHL. 0 buffer® 343 FE2F
< 217} 510nm2} 700nme] Spectrophotometerof|A] SHEE ZA 35915l pH4. 5 buffere} 3] %t
FE2E2 HAPol= 510nm2} 700nme] Spectrophotometerof A SFHEE ZFASlo] o FHE
=

o] &3] Aaksilrt (15,17,18,19).
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Anthocyanin  (mg/100q)

5}

Red grape Apple

Peel

a7 3-30. Y F 23] A=A ol ' H]LL (mean +SD, n = 3).
(Least significant difference test; p < 0.05).

F AEAJold #are] ZHAP, AXEl] 3|2t Atztbe] ZI|E A 2g U] AR = A
T} Anthocyanin “di¢o] S FXE 3o} Atz 23| 2] 5322, Axe 3}
+2 8mg/100g 2.2 Az} =h¥] (3.9+0. 1mg/100g)ofl W3t 178 L&A LWt 22!

N

mk?-

=)

3} 1, 3 =
| 2]zt 3txt3l EA o] W)
=431t &2 AS5S —‘?iiﬂl—?. 0059] Z+ =ol 1027 A2+, autoclave 121%9]

—

H

.
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) @A WE F slE HdE Y 24

[*3]

Total Phenolics (mg/100q)

80 -
control AC R BW

Yuzu flesh

a3 3-31. tlerst dAe]of 23t G2} 2] = Hix e BA
(Control; control, A.C; autoclave, M_W: microwave, B.W; boiling water)

=4 A3} —‘?—iir?l%ﬂ = ¥ IES 92.1ng/100g 22 SAE Yo, 121%A4 20
7t gl g 0.67mg/100g, AX}QIZ[o] A 10 AHe|g &+

97.2mg/100g, 100%2] o] 1027t A 2|3t &< 87.4mg/100gE LIE}WIT) = 38t=ES
T g ¥ EARNE stelof ABY A3t Mol hssht FH e o H]stel
autoclave 2 z}g|el= o]

T g olgstel AHelE StlE FF EL 1 ol Yol F3

golon], whmo] 10058 Aol Hel@ Bt PR ste] Zaske Az} vt

UTHd 6-8). ol A& olgstel HAE w3t B9 wgol F7HITH
]

Bt
7] Hrhe #& Zeol o *o‘%‘f*ﬂ 71E% AELeR HAsIE Bfols BA UelA
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e
')
ALY
2
e
ALl
i
'y
o
Ia
tot
154/
(i
%
o
M
1%

Total flavonoid (mg/1004g)

Control B MW AC
Yuza flesh
I3 3-32. Thae Aol 2§ g9 ¥ Selnols g B4

(Control; control, A.C; autoclave, M_W: microwave, B.W; boiling water)

=4 Az, A & SR kol URE 6.8%mg/100g o2 FAEoH, 100=2]
Aol 107 A 23t %% 87.4mg/100g= 9.89mg/100g, Ax}I=|ollA 10 A e|gt +2
9.87mg/100g, 121=0]lA 2027t autoclaves A A 8F 2] E2F2 7 69mg/100g 22 LIE}YICE

Ao Hlsle] d¢ e AAHEAAE ol &sl dA2&E sldE A7, 55 o8
£ Bohiwol= Wate] ZAHCM, avtoclaved AT A% BAHeIRo] ulstel F5

Aol atako] LIEIGTH 2 3-32).



AL T PA A JIELR w7} o] Fo{FH A

22

=
=

gk 7jd2

7

o

P AL mRRsS

7het

>l Hunter

A5

=
=

}A (Chroma Meter CR-400, Minolta, Japan)

=~

NE

A= (b, yellowness)

(]
of FES HeEhch

A (a, redness), =2

lightness),

tglem, Az 3712 MBS 244 33

i
o

3

N

H
=

gl

2 AT
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[=]
W

o [=] =]
=5 (5] 3]

(sauyBi7) 7 Jauny

Storage time (week)

[=] w (=] W

] - -

(ssaupay) e J2uny

Storage time (week)

=]
L]

——| &
-7 41

W W g N O DWW T NO

ColRE I ol o

(ysimol@A) q Japuny

7qd2

Storage time (week)

Aozt ARy ol o

3-34.

a3

Lol A

7 3-342] &

7 UeiA e F1Ee) A
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mebl zhe] AA|E W] (HR20011, Philips, USA)S A}&3}o] grind 3F = Z=A5}odc}.
A2 FA 7 BRZAS A 23l o] F Eof 3AMsle] by AFAUAFE A2 7}
gt o] F 0.1N A4t g o7 FHAHslo] AeE FHslrt
A% (%) = F x b/a x 0.005844 x 100
a: W7 22 (g)
b Aol £u® 0.IN Dike Golelok(ul)
F: 01N Zahe gole] o7}
3-5. Aeuhiz A&7 7] o E gt d de=A
2 & 7] 7¢
03 = = =3
e 5.73%0.21° 6.60+0. 27° 6.95+0. 45° 5.84%0. 44"
A1 6.21+0. 32" 5.81%0. 52" 6.91+1.84" 5.87+0. 56"
7R A2 5.86%0.51" 6.01+0. 28" 6.22+1. 37" 5.57+0. 24
801 xlo] gl
PUATIEAR, TR HAS THOA U= %S §2AF o]z AL(p<0.05).
F 3-5ofl4 R Aztel Zo] HelAZe] dr= J[EAE2 MAAE BEF 9% 6% ATT]
el o 7] 7te] mE ®H3te= Al ¢lo] UElyct ols fAld3} fAIFEEE2] FIEko]
Ao d8ks nE AL w2 oko] ol J|EXF|Eo] HIIEE dE2 2 IR X
7] wiFol 1ot 72 Az sty & 4 vt X7 #s HIRA] sido] = #
ghe] A= x|t A4 552 &&3F glo] AAHE F x| A EolEe J|EA|EHC] F
A AR = Aol = ALoE HIt FHodon ol fAFE2E3 At Hole whE A
el Z7Zte] mlo] z o] A LElt Ao T githHCTE

o AAE ‘%‘H (HR20011 Philips USA)E }%6}@] aJglle 3 ¥ =33t
al
=]

A2 (%) = (a X 0.006 x 100)/b
a = 0.1N NaOH AE2F(ml)
b = EaAZ 232 (g)
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® 3-6. AelHz ARV Rl WE PR HEEA

A 2717
0F 23 4% 65
RS 0.55+0.01° 0. 72+0. 064° 0.72+0. 02" 0.69+0. 05"
711 0.63+0. 04" 0.78+0. 02° 0.77+0. 03" 0.74+0.01°
72 0. 65+0. 04° 0. 78+0. 00" 0.71%0.02° 0.73+0.01°

521 2ol gl

TRATEAA. TEY FAE TREA U= %S FUF Holsh U=(p<0.05).

AE W T Y AMAE BT 2Tl FRE 637k Ame] WM 2 oAs} gt e
Uehon ot fAFEET FATFS A/BIE WFAAIT Saol 2 @I} glo] B

& f7stn odrkn & 4 gtk

gt Zke] AAE 2 A (HR20011, Philips, USA)ES A}L3le] 2
AP EEHE tIRY 2HYEA (PAL-1, Atago, Japan)E 3 3stgit}.

E 3-7. A=ZSE3 ARI| ol mpE AL JHEAE AP e HY 5%

A 2717
0F 23 4% 65
RS 40.50+0. 40° 39.93+0. 50" 41.63+0. 38° 39. 40%0. 60°
711 39.93+0. 15 39.60+0. 30" 40. 670, 25° 39.73+0. 29"
72 39.60+0. 20° 40.00+0. 10 43.53+1. 37° 39.83+0. 87°

RTEERFE
TRATEAY. TE A BRO U US FAH Al 2600

E 3-7ollA Risupeh Zo] J|EAE AAAEL AR F MY 2P @] ws
7t BARLR 7] foxirt e AYE Holu IE W A AEE Y N 1BE
-2 oF 40 Brix W2 A7 Fodol 2 Aole ¢le 202 wichdr)

ub, pH %74

Hatalzde] AAE 9 A (HR20011, Philips, USA)E ARESte]  grind ¥ F Z3sloit} pH
+ pH meter (Starter300, Ohaus, USA)ZE ZA3sloict.
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I 3-8. Azt A7 7o) o2 "HatazZk pH A

A 2717
0F 23 4% 65
RS 5.95+0.01° 5.85+0. 01° 5. 88+0. 01° 6.11+0.01°
711 5.92+0. 01" 5.77+0.01° 5.84+0. 01° 5.89+0. 01"
72 5.91%0. 00 5. 74+0. 01° 5. 74+0. 01° 5.77+0.01°

RTEERFE
TRACERR. 28 HAE FTRIA U= %S KA Aol7} 2L(p<0.05).

£ 3-8 o4 Riule} gol AEAE} AUAES AN F pi Wt BAHLE o
KX Qe AP Holuh 1E W AN AE
7 gAske 2% Uehytt

(il
)
1o
o]
o
rr
2
BN
ofl
e,
1o
o]
o
o
[de]
=
o
(T
(@)}

ok AEe AR F WA vl
) AE W

71€ BRI AEH it 2 wAEEES AU 2 RREEE v 2V At 2%
H7HAEZe *eBoE AAstnh Adl (a2 0.5% 27 b 2387 S ¥
Zholl 2|7t ol-f= i 13} 2AHEZte] AA QL Bte] zto]7t =] elot JEAEL] HH
g ¥ 7HE Hlasty] flste] J|EAED 2 AEe] #5EIME AAlst

SHd = ° T

BB AAE AWRW 0F, 2%, 4FH BT Age] TR AAY PO JTE, A9
o JlzE, ARel 3T, Byuleld AZAEN AUAER KH Aol7t gl Hew
Uehom, Ml slEEe] AP 0F, 230l felF Aolzh qlalAw 4% Aol el el
7 Uehdth BAMLEE AZAEI} ANAENRY Hol7t gl AT U RE PF
o glol 7|EAF ol ulste] AEAF ulste] AUAEL NTE 47 AYAT B B
AHE VS A% ¥ F At )b FAREE Aol el WA Azl gl che Wy
g3 AMHLE o 9edl ue FA ATk WHEHn fAFEE U HAF A7k et
AARE] GG @ 7154 FToIN T EAB ulstel AL FAAAThD TR
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E 39 . AeEWHa AR o] i E AL V13 #AsBIL
0% 2% 4
7= 742 7= 722 7= 722
AXE | 5.18+1.51"  5.65+1.17"° | 6.19¢1.63% 6.62+1.91" | 6.00+2.10°  7.55%1.60°
3 5.00¢1.80" 5.76%1.30™ | 6.05+1.83% 5. 62+2.04" | 5.95+2.06" 6.40+2.16™
gk |5 474203 59442 14" | 5.90+1.89" 5.90+2.12" | 5.30£2.13" 6.25¢2 27"
k| 4.53+1.84"  5.24%1.99" | 6.14+1.68" 5.67+2.31" | 6.30£1.63" 6.20+1.82"
=23t | 5.08+1.68" 5.82+1.67"° | 6.62+1.72" 6.43+2.11" | 6.95¢1.67"° 6.30+2. 08"
S0l & 2ol gl
TRATHEAA. TEY AAE TR G S RAF Aol U(pd0. 05)
83 Vitamin C H7} A&
fratd 295 AR A1, AR EE 1%

Control 2 AH§Y 71 EAEL SAFZE 0.5%0}
FAF 22 HAD AM2 F 47 A

b ARS BFERA4 ITHY WSS BF

AF 0.85%¢] NaClZ At FAZFUS APy
]

A43517] 215te] MRS agaroll

0.004%2] BCPE A7}stelr 22re- AL A 517] 25t sodium azide(Sigma)E 0.05% A7}

%ol o] gstoirh.

h-

gt plateo]] B3t §os =@sto] 2422 v F
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22 3-36. Vitamin C 7} o2 A3 o vfRr3e] AFS 3}

0-47 7ol 4 F1EHE] H]3) s
ZoAE F|M20A & ] £ FXE Ho] 7429 sampled] Vitamin CE
B3

Hzsts AHFol Fitte

H|XL sample ¥ 47X 2, 7|EAEZ #AlFE=E 0.5%8 fatdt 2%5 A7’ 7RAL, #+3}
FEF 1%} G4 245 ZBIIEE A2, Fabd 2%E HUI3Y Fabd sample® APE 4351
Arh 2y 3-38). 2e|ir ZIEAES ARAAAAM x7HFIL AFol nAl= ¥ HAst
7] flste] SLXTFEIE AH MR AEgX A3 St F 87HA] sampled A 15 HA SR 85
v AErE SASIYTL AR HASFT 1Y BE&R "o Wi Hdo] Yo
Stomacher®. 25-7F #A3} A|ZIF 0.85%2] NaClZ AIRIZ| A Fle] GAtARES Meld o7 Al
St7] ¢Isted MRS agarell 0.004%2] BCPE F7IStAsl 2et&ddS AAI5H7] 215t Sodium

1
azaideE 0.05% H715 plateo] 3|4 &1 SUsto] 24417 Wl F A fol o] &stelrt
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A5 oA ETNY MO 4ES A

138 ZTAH W

2 HE BoilE ARR ZIAE v LR Sto| AEoA2013d 9Y 7dolA] 99 10U 71X
NE]H olxo} F-atd HF oA “Isolation A probiotic L. plantarum Strain with immune
Stimulatory Activity from Fermented Vegetables”?] #H|EOo % XEAE UIEE StAcH 2
5-1).

1. £4£H 25

This study was conducted to isolate a strain of lactic acid bacteria, which exerts immune
stimulatory effects, from the fermented vegetable sources including kimchi. To isolate strains, MRS
medium was supplemented with bromocresol purple(BCP) and sodium azide. 250 LAB isolates were
primary picked and screened for their immune stimulatory activities in murine RAW 264.7 cells.
Among the isolates, a strain FBT215 showed the highest cytokine production activities as expressed
IL-1a 676.9£22.2 pg/mL and TNF-a 845.2431.6 pg/mL. Data obtained from 16S rRNA gene
sequencing and API 50 CH kit were used for identification, resulted that the FBT215 belongs to
Lactobacillus plantarum. The FBT215 strain were characterized in terms of antibiotic susceptibility,
acid tolerance, bile salt tolerance and bile salt hydrolase(BSH) activity. The strain harbors a cryptic
plasmid, which is not responsible for bacteriocin production. API ZYM kit was also used to further
characterization, resulted that the FBT215 produces 7 enzymes representing beta-galactosidase.
Therefore it is highly suggested that the L. plantarum FBT215 can be used in the various

functional foods or probiotic culture preparation.
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. Isolation A Probiotic L. plantarum Strain with Immune
Stimulatary Activity from Fermented Vegetables

' Seung-Beom Kang. Jin-H0 PATK Jonc-Sun Yeam, Jea—im Cnol Kyung-Sand Lee. Sung-Sik Yoon-

METHODS & RESULTS

P pw—

_53_



=99 53 55
F99E =31 299 247 | 299
EVE rEEe Eass AMA AE 2 -
© 21 A T2 5 _
2013 PRSI &34 45 | @ES | 2013-94385
2013 grEubdel s e 2 o9 §x FA 35 | = | 2013-94384

< IHE F¥ste ¢ AFINES T AL dFE ol&st "E A & HgEY A
Abte] el " 54d70lgt AEoT 5 fAtd s E Ao Fastadrh(20149d 149 Q] o).

Isolation of Lactobacillus plantarum FBT215 (L. plantarum FBT215) from fermenting kimchi,
which has immunostimulatory effects, was characterized in this study. To isolate probiotic lactic acid
bacteria(LAB) from kimchi, properly diluted kimchi samples were spread on MRS agar incorporated
BCP and sodium azide. 154 LAB isolates were isolated, screened for immune-stimulatory activities
in murine RAW 264.7 cells. Among the 24 LAB strains after MTT assay, FBT215 has shown the
best cytokine activity of expression of 676.94+22.2 pg/mL of interleukin IL-la and 845.2+£31.6
pg/mL of TNF-a. For identification, the typing experiments using 16S rRNA sequencing and API
50 CH kit confirmed that the FBT215 belongs to Lactobacillus plantarum (L. plantarum), shortly
called as L. plantarum FBT215. The FBT215 strain showed high antibiotic susceptibility, weak acid
tolerance, bile salt tolerance and BSH activity but did not produce bacteriocin against indicator
strains tested. API ZYM kit analysis resulted that the L. plantarum FBT215 produces seven
different kinds of enzymes. In conclusion, these properties would be used as a functional probiotic

culture in the manufacture of fermented foods.
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