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Abstract

Gold kiwifruit was fermented with Lactobacillus plantarum CK10 derived from kimchi and the fermented products
were extracted with ethanol at various fermentation time-points The bacterial cellular density, total titratable acidity,
total polyphenol content (TPC), and total flavonoid content (TFC) increased during fermentation, while pH values
and total soluble solids decreased. Levels of TPC and TFC were highest after five days, at 1.21+0.13 mg GAE/g
dry weight and 0.360.04 mg RE/g dry weight, respectively. The antioxidant activities of the fermented gold kiwifruit
were analyzed using Fe’* chelating activity, 2,2-diphenyl-1-picrylhydrazyl (DPPH)-, and 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS)- radical scavenging activities, and superoxide dismutase (SOD)-like
activity. The Fe?* chelating activity of gold kiwifruit (125-500 11g/mL) peaked after five days of fermentation at
38.40-78.47%. The DPPH radical- scavenging activity and SOD-like activity were somewhat higher after seven
days of fermentation (36.01-86.81% and 54.79-93.83% at 2.5-10.0 mg/mL concentration of samples, respectively).
On the other hand, the ABTS radical- scavenging activity of fermented gold kiwifruit was similar to that of the
non-fermented form. The polyphenol and flavonoid contents were significantly comrelated with the antioxidant activity.
In conclusion, our results suggest that TPC, TFC, and antioxidant activity were increased after five and seven
days of fermentation, respectively. Therefore, fermented gold kiwifruit with its increased antioxidant activity could

be useful in the development of functional foods.
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St} Folin-Ciocalteu’s reagent, Gallic acid, Rutin, 2,2-diphenyl-
1-picrylhydraxyl(DPPH), 2,2’-azino-bis-3-ethylbenzothiazoline-
6-sulfonic acid-diammonium salt(ABTS), pyrogallol, FeCl,,
ferrozine Sigma Chemical Co.(St. Louis, MO, USA)®|| 4|
T-A5ke] AH&-6F31.2H, de Man, Rogosa and Sharpe(MRS)
broth, peptone water= BD Difco(Sparks, MD, USA)°l| 4|
Piate] AFgaI,

Eik Lactobacillus plantarum CK102.2 737|tgtw 2%
A EFEI o|FE W ZHE A Fol AFESFATH19).
L. plantarum CK10 5= MRS H|X| & o] &3l 2441t
&<k 30T, 100 rpm FZ1 o2 v F3t3A

= ]%"’4 HHX] Campanella 5(20)2] Wi < W3 5l
P =719 F9H 5%(v/v)2F peptone water

2%((VIV)E %%?Sﬂr T4&3}ek £, 1 N NaOHE ©]-8-5}]
pH 6.00+0.502.2 2334t} 1 5 autoclaveS ©]-8-3}o]
121C, 15% 2702 B3ttt L plantarum CK10-&
AE A MRSHIX] A 23] Al wlj sl 2, 600 nm 2+
oA OD #°] 0.69 w(7.00+0.50 log colony forming
unit(CFU)/mL) &E=7]9] #i=]ol] 1%(vfv) HEtct &
= 30T, 100 rpm ZAC & 747 53 o}aiv}.

EI19 L' FEE M=

Z=7]19 2EEo 80% ethanol(v/y) Z7o] FHEE
ethanol = 7}‘5]—_1_ sonicator = 15—‘?—4"—‘, 33] ¥HE FE39
2y 25 oA 2 o3t F rotary vacuum evaporator
2 35°C°ﬂ’\1 et 5% & 4 dxste] ARSI
LEeA] B 2719 FEELE TY WHoE F5E35

AT, pH, & Y EHE

A %S AlE 100 uLE phosphate buffer solution
(PBS) 900 Lo A glate] s]Xste] Hahujelyom
MRSHIAO| 100 pLA] F38}aL 37C, 297 vt & F2
YE Al$sle] AR | mL 3 CFUS.Z FAI8 T} pHE
Orion 3star benchtop pH meter(Thermo Scientific Inc.
Waltham, MA, USA)E ©]-&3to] S35t F4tes T
EE 10 mLel| 0.1 N NaOHE- ©]-&-3l] pH 827} 2 wj|7}%
ARt o Ao ABEE 01N NaOH4 ARTS
715 o filste] AMeth FEEE brix
refractometer(PAL-1, Atago, Tokyo, Japan)< 013 st 574
Bl
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2= Cheung 521)°] WH<S 2R W st
o om? 1.375 mL 1 125 Lo A5 ¥ F 05 mL
Folin-Ciocalteu’s A k< ¥ 11 45 Zof 1 mLe Na,CO;=
7k tha el A 30 Bt AR st WREAIZAT 1
% 533335 A (Sunrise, Tecan, Salzburg, Austria)E ©]-8-3}
o] 700 nmoI A FBEE S5t TS mg gallic acid
equivalents(GAE)/g dry weight= YERY AT}

T
ugk
n°\‘ o

Z Zeldro|E g2

% ZekH wol= S Zhishen 5(22)9] WS W8}
of S35kl %—%ﬁ? 80 uLell A& 40 pL He 5%
NaNO;, 6 WLE #7Fste] 583 9H8A1Z1 & 10% AlCk
12 WLE &3tste] 6317 §HE-A1Z] tha- 1 N NaOH 40 1LE
7R 1 % SR 2 1LE ¥ el A7IA REE
z 4ol & 33X (Sunrise, Tecan, Salzburg, Austria)
£ ©]-&3t 510 nmellA FHEE SH5IATE FES mg
rutin equivalents(RE)/g dry weightZ YERHSIT}

Fe?*o|2 Zzo|E &M

Fe'o] & Zgo|E AL 7|&d| Hud W 23S ¥
st} FsIGIch A EE FEEE 100 I #5313 FeCl
20 1L, ferrozine 40 1L, ethanol 640 ILE ¥ § /204
1027 ¥HgAIZIT) whgo] b F353- %A (Sunrise,
Tecan, Salzburg, Austria)E ©]-8-3l%] 562 nmol|A| SHF=E
=35It FHNFZT S 2= ethylenediaminetetraacetic
acid(EDTA)& AH&-3k3ith

DPPH 2cigt &A &4

DPPH Uiz &7 &AL 7120 Eud W 24,252
E & sto] 43351t DPPH gtz 92 DPPHE
200 M ol ekgo] &A1 A F0]381 AL, 96-well plateol]
ANRE FEEE 40 uL¥ 3331 200 M DPPH 2tt]Z
£ 160 ILE FH7Fe & 3087 37T incubatorol] A BES-A|
Zoh ¥k-g-o] EuH 3333 % A|(Sunrise, Tecan, Salzburg,
Austria)E ©] &3] 517 nmol|d EHFEE S eAT &
AU ZT O 2= cateching A3 TH

ABTS 2iCjzt &7 &4

ABTS &tz 27 &4 71E0] Bud UHe6)S
A slo] aals] o, ABTS o]zt 292 7 mM ABTS
9} 245 mM KS,0: 2 E5H8l| 2043t Fot ohhel] Hislo]
FH]33 2, OD Fhel 0.700+0.005°] =E38HA SHRTF=
3| ste] ARgskiTt FFHlell 900 uL ABTS e}z &7}
100 L A 25 EFsle] A2oA] 283 v-eAIZ &, 233
F=Al(UV1800, Shimadzu, Kyoto, Japan)E ©]-&3}o] 734

Superoxide dismutase(SOD) fAl &4

SOD fAF 84S Marklund 5(27)2] WS EUE 3l
AT 96-well plate] A EE TEHZ 50 LA &5
3}l pH 8.5% X7 3} Tris-HCl $+38(50 mM Tris+10
mM EDTA pH 8.5) 50 pL%} 7.2 mM pyrogallol 50 pLE
H7HeE 4583 25T 2ol A WA T ukgo] £
W 533335 A (Sunrise, Tecan, Salzburg, Austria)E ©]-&-35}
o 492 nmellA FHEE S5 FdHET R
ascorbic acids A3} th

SAIXNzZ

BE QPE 33 WY FYdle] YAk FEAAE
dehpglom, AET el R4 AF D 4B BAE
SPSS(Statistical package for social sciences, SPSS Inc,
Chicago, IL, USA) software(version 18.0)5 ©]-&-3}o] 4 A]
stlom, 1974 A5 745 ANOVA one way= 35}
ATt

Z1 U4 pEk

M4 pH, ML 9 SE

L plantarum CK10< ©]-8-3to] &gt =719 gLt
o] AIZPE A, pH, AHE 2 B WIS= T able 12
2ot 2u7)919 T8 AP Adae J5F 6.89+
0.67 log CFU/mLOY| A 12 ©] % 10.26:0.43 log CFU/mL %

fro)R o g Frtetglon, WE 39 xjoll A 12.03+1.29 log
CFUMLZ 7} =& AdE eyt &g 5499 79
2ol = 47 2H2} 8.0040.829F 3.83£0.31 log CFU/mL
=2, 47 Aol wet Aot giske Aee UE
vt} weh pHE H 2% pH 5.85:0.100] 4 A 7ol
e} pH7} ZHAskE on, wE 79 2}l 3.64+0.037H4] 7+
A3k S B, Sung? Choi(28)2] A-ellA] frakte]
AL Sl o8l fr]ake] F7ketm o] 2 <l&l pH 74,
ATt SR Baol AR 2SIt AHE 9A] A
T A 04150.05%(v/v)elA EE 7L 2fel] 1.80+0.08%(v/v)
7 F7bete Ale g)lsith Bxe] g wHEAS
6.43+0.05 °Brix°l|A] HE7} 1ol upe} 7 7‘* sk o,
g 79 2}ol| 5.80+0.08 “Brix7HA] 7Hishes AL 2Helsks]
t}. o= Kim 5099] AolA] WEAIZF] 7T}t w}ﬂ}
HEUE QFEES 9RUt foH o Hadtie
o 16}"“’ olglgt o Wal= frihdol © oH &
w3l w2 Tr7W°1 ARE 7] W Eo 2 AlsdT) g
A, 271919 SRR AaF ¥Wge old A
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Table 1. Determination of viability, pH value, and chemical
characteristics during gold kiwifruit fermentation with Lactobacillus
Plantarum CK10

Fermentation time  Viability TTA" TSS?
Gy)  (og CFUmp PHYI® gy Ry

0 6.8910.677  585+0.10° 0413005  643+0.05"

1 10261043 396:001° 12120.18° 608005

2 11.97+1.78"  378+002°  149:0.30°  5.98+0.05™

3 1203129 3701002 1.6420.15¢  5.85:0.06°

5 800082  3.64:003  1.79:007°  5.80:0.08°

7 383:031°  3.64%003  1.80:008°  5.80:0.08°

UTTA, total titratable acidity.

)

2788, total soluble solid.

’Values are MeantSD (n=3).

Different letters represent significant differences among extracts by least significant
difference (LSD) test at p<0.05.
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3 %Eliil-‘.—l-: ES %E}E_ﬁ;olc ?:f?-h

E}EEOIE f;}&% Table 29} ﬂu} zaiﬂ& ot xo
FE7)9 T oA 0.9610.04 mg GAE/g dry weight -

= yepyton], g Azt met Jap e w Frkste]
F 5¢ Aol 12140.13 mg GAF/g dry weighto. 2 °F 1.34]
S7helth & Seti o= kel A ATl A
0.10+0.02 mg RE/g dry weighto.2 YEISFom ZF Z2]¥
= G o] LEAZ wet S7kete] TR 5Y Aol
0.36+0.04 mg RE/g dry weightS. 2 <} 3.64] 713151
Jo 5(33)A 79} Kweon 5(34)2] Aol A& EH%%%%“'J%
&3)9] 7§ qFol| mE EEvE g Wt 27
eskon, etk wole ghiko] gty Hashgl ot
Lee 5(32)2] d7olxe o fikt EEEo] TE
8 & Eelvlsd FepicolE o] Frteitta Bt
vl Qi) B Ao M wEr) 713 Jﬂ%oﬂ ue} 3 Eelus
I FoE o= 3 Skshe AEE B, Lee 5329
Atellr Bagk o] fikt HaEe] ikl ST AL
o A9t} o9} o] g 23 F Zejulisy} ZekE
wole g ke TR o8] APE s vt
A5 AEH 71dE SHAA dE S E FE2S XA

3t3]7) 257 A2E (2018)

1 ZE|FAstE P E 2P ofze|F oz HIAA
Uehd A3 A5 ET35). HE d38ES A EA A
de] ExEo] e IAER A, 4 Fola &

DA Ata 27 T e ksl @43 A g
2 g5t "ot olelgt 2432 2+ W phenolic hydroxyl”]
F R @Y 5 A A S50) ]
WEoleta deid 9o = A Fol £E A%
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Table 2. Total bioactive compounds of fermented gold kiwifruit
extracts

Fermentation time TPC" TFC?
(days) (mg GAEYjg dry weight) (mg RE"Jg dry weight)
NFGY 0.96£0.04%7 0.10£0.02°
1 0.98:0.06" 0152002
2 1.09£0.08° 0.20£0.01°
3 1.15£0.09% 0.24:0.01°
5 1212013 0.36£0.04°
7 1.1920.10° 0.30£0.03

YTPC, total phenol content.

TEC, total flavonoid content.

IGAE, gallic acid equivalents.

YRE, rutin equivalents.

INFG, non-fermented gold kiwifruit extract.

OValues are MeantSD (n=3).

DDifferent letters represent significant differences among extracts by least significant
difference (LSD) test at p<0.05.

Fe?*o|2 Zajo|E &AM
:Lﬁ\_ o]_Q_ Z] aﬂ o]

E =
ato] Az *@V e e A
]

=
23.56-65.67%<} Hlwlste] °F 8-20%2] &AJo] 5715k
T3} whE 59 2o 3840-7847% % 71 =L Fefol &
Ao E & Btk o= Kwon 5(38)9 ATolA
% Zelo=7) SR wo|= o] 7 YRt Al 8ol|A]

ol ZYolE &Ao] F7HETHE Bas} fAS
o= B3t

DPPH 2iCiZt 4A &4

A 22 1A WollA A4, A 53} A gt
=315 dor|H, atsiAl e 75 ZH’T g2 4,
gste] A SRS AAGT . DA Urk39). Be
1741 DPPH 2t} Ze] A WslE o] gato] kst &4
= W7tste AR &-85ta JIvh40). TEAR ] w2
279 =529 DPPH guZ &A &4 Fig. 29 2
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Fermentation time (days)

Fig. 1. Fe*ion chelating activity of fermented gold kiwifruit
extracts.

Sample, E&, 125 pg/mL; gA@, 250 pgml; 5, 500 pg/mL.

EDTA, mm, 100 pM; ez, 200 uM.

NEG, non-fermented gold kiwifruit extract.

The appropriate amount of EDTA was used as a positive control.

Values are MeanSD (n=3). Different letters represent significant differences among
extracts by LSD test at p<0.05.

% 25,5, 10 mg/mLE S35t on,
Hlwato] wrg A7kl e}
DPPH EM *ﬂ %W o] Z7}stth ¥ 7Y AollA
3601- 86.81% % 714 =S DPPH 2|z 47 S-S 1S
th ©]= Song E(41)°] ATl frakt Wl o3l £
DPPH 2}t Z 47 @Ajo] S7lehths B9} Lee 5(32)9]
Aol A ikt L&l o8 2t]e] DPPH &tz &4
o] 5-11% 71t Hael fARE A7) o] gt
A= fAhE Bl od ALk e sdET 22 diAk
AHEo] DPPH 2] &7 & 7]og Aoz Ala st
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T Th=

IRRRRNRNRN] B
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DPPH radical scavenging activity (%)

NFG 1 2 3 5 7  Catechin

Fermentation time (days)

Fig. 2. DPPH radical scavenging activity of fermented gold
kiwifruit extracts.

Sample, E&, 2.5 mgmL; g&, 5 mg/ml; =, 10 mgmL.

Catechin, [, 100 uM; g2, 200 uM.

NFG, non-fermented gold kiwifruit extract.

The appropriate amount of catechin was used as a positive control.

Values are MeantSD (n=3). Different letters represent significant differences among
extracts by LSD test at p<0.05.

ABTS 2jojzt &H g4

ABTS 2}t Z-2 % 5412] ABTS git]Zo] g4hshA] o
RhiE shsAlo s %"4‘451% S4& o]&d dPe=
hydrogen-donating antioxidants®} chain breaking antioxidants

2 RBE 7-7@51—

2E = %1.2.™, aqueous phase$} organic phase

B AR 7hesith42). BRI wE ZEeT)9] FEE
°] ABTS #ttiZt 27 242 Hg 33 2tk B %%%—8—
FE 125 25 5 mgmLE FIetion, &g 5U A}

. Dby

19.76-70.88% 5 A|&3 RE WHE FEE TR
18.08-64.30% 2} -2]2+ ABTS 2tt]Z 47 24

o7 AFAE<] DPPH #tt]Z &7 &4 7 ABTS E]r‘:]?—-_}
A BAo] o ARAAES Holvl= Hu3)9 o2
AL B o, o]= DPPH &tz &4 &/d 3} ABTS
Sz 27 24 A A i Z 3 ol Ao EE
AL 47 71l Ak H =] Aol7t 7] wiiol
0e 43S Hel Aoz Algdrh

o HY
= M

)

120

100

80

60

ERRRRRNRRNI B

40

20

ABTS radical scavenging activity (%)

7 a-tocopherol

Fermentation time (days)
Fig. 3. ABTS radical scavenging activity of fermented gold kiwifruit
extracts.

Sample, E@, 1.25 mg/mL; B4, 2.5 mgml; £, 5 mg/mL.

a-tocopherol, [, 100 uM; gz, 200 pM.

NFG, non-fermented gold kiwifruit extract.

The appropriate amount of a-tocopherol was used as a positive control.

Values are Mean+SD (n=3). Different letters represent significant differences among
extracts by LSD test at p<0.05.

SOD fAH &4

SOD+= AA U] gAtsl B4 F shU= Al o Sk
£ sl az AT e s Sullete E,L =2
SODY| 9Js] ABAE HAEGAE catalase®} 2L T Ao
olg| T3t B3} AtaEALR MgETH44). SOD FAF &
L Bae olYA|RE =& phytochemicalZ} 2-2 A #-A}
E4o] SODS} ARG ‘ﬂ%‘—.:: sto] QUA| W2 superoxide &
AAZT =M AFstH ~EY S Woldhs BHE Ze
@5). 'LEAIZ ] w2 %E?H FE=9 SOD A &4
< Fig. 48} Zth e FEE52S $5 25,5, 10 mg/mL=E
Sl o, FEaE T 10.33-36.00% < Bl m ko] whgA|
ol mhel AApH oz Frbetglom R 7Y Abel 54.79-
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93 83%i FEETI Blaste] °F 44-57% SUketE A&
a5 ol Hur 509 A7 fUE wE 4
oﬂ /\1 SOD 2 catalase’} A= o] 3HAks) &Ao] =7)3tth
£ B39} FAH10P, Jeon 56| 714 DPPH 2Ht)
Z 27 @AJo] T2 AlFolA SOD FAF BAdo] Edthe
B oo}l fAke Axit}. =3 SOD FAF EAdo] fAkTE
W] ojg) FeeAA Zrleged ol e By
vl w3slo] A3 F=7]9 FEE°] superoxide 2] LS
ZRHoR 278 5 9gS et

140

120 |

100 |

SOD-like activity (%)
L N =]
= = =

[
[—]
T

=]

NFG 1 2 3 5

7 Ascorbic acid

Fermentation time (days)

Fig. 4. SOD-like activity of fermented gold kiwifruit extracts.

Sample, ER, 2.5 mgmL; E4, 5 mgml; £, 10 mg/mL.

Ascorbic acid, mm, 25 pgmL; g2, 50 pgmL.

NFG, non-fermented gold kiwifruit extract.

The appropriate amount of ascorbic acid was used as a positive control.

Values are MeanSD (n=3). Different letters represent significant differences among
extracts by LSD test at p<0.05.

0x

A 24
WFAZ| ME 2719 FEES] it 243 3
3} Azt AR S Bl A= Table 33 2l &
29 I F FekEeo| s, Fefol2 Ay olE 24,
DPPH % ABTS #}t|Z &7 &4 183 SOD A &4
7re] ABAST 0.962(p<0.01), 0.830(p<0.03), 0.973(p<0.01),
0.709, 0.900(p<0.05) 2.2 =2 o] AJAB/AE Bt &
Z gt ol geky) Fe’ol 2 Zo]E g4, DPPH %
ABTS 2tz 27 24 2|3 SOD f+AF 24 7he] At
A= 0.879(p<0.05), 0.944(p<0.01), 0.771, 0.871(p<0.05)
2 oko] AUPAS Btk 183 Rl & A olE 24
7} DPPH, ABTS 2}tz 24 &4 2 SOD A} 43719
FEAE 0.918(p<0.01), 0.459, 0.945(p<0.01)Z ABTS 2t
Oz &A &S AL Faksl SoA =2 o] FH
AE Eith DPPH 2t ¥} ABTS 2it]Zd &7 24,
SOD fAF 412 0.588, 0.967(p<0.01)Z DPPH 2}t] 7th
SOD ‘n’/‘]' EL/H,] 7ﬂ ,]z% oz o o]:/] )\M.Jq,;ﬂ
H3lom, ABTS a}q% 27 wur SOD A} &4 e
038902 T Gt AHAE o] & Jeon 5(46)

Nv e

11;1

o] AT EEulEs gl =275 SHE ol &
&, DPPH 2}t]Zd &AAZA o] & %T&%ﬁl% Helthe=
Hao} fAE 229l o, Kim 5(47)8] A7-ollA E2]9)
= S superoxide 1 &A SAJF o] ARABAE
Holtte Axol= fAFHA

Hl‘r A

Table 3. Pearson’s correlation coefficients of phytochemical
concentration and antioxidant activities of fermented gold
kiwifruit extracts

TpC"  TFC® R  DPPHY ABTS”  SoD?
TPC 1
TFC 096277 1
Fe” 0.830° 0879 1
DPPH  0973" 0944" 0918” 1
ABTS 0709 0771 0459 0388 1
SOD 0900° 0871° 09457 09677 0389 1

TPC, total polyphenol content.

TEC, total flavonoid content.

IFe™, Fe™* ion chelating activity.

DPPH, DPPH radical scavenging activity.
IABTS, ABTS radical scavenging activity.

9S0D, SOD-like activity.

DCorrelation is significant at ", p<0.05; , p<0.0L

(@] (o]
- =

z Lactobacillus plantarum CK10S ©]
sl %Eﬂ AE ;}z‘ﬁ} , HE AIZHE ZF R EAkE
E} o]] tﬁzﬂ- o] p:].?ﬂ—?q E.A-] m ?‘sc}
3} & o% =% o]’od‘q' Aae Bg 3 Aol 7HE =
12.03£1.29 log CFU/mL<S UrE‘r ow AZte] Aol ulhet
A2} 2Askdnh pH 2 Abe= whE 7Y pel|A] zh A
(pH 3.64+0.03) 2 Z71(1.80£0.08%(v/v))3tith. B
W g 6.43£0.05 °Brixol| A g o8] 7hadle] wE
79 =l A] 5.80+0.08 °Brix® 7F vA| eI & Zg)
Hzz Fgtixols e R 59 oA 27
1.21£0.13 mg GAE/g dry weight, 0.36+0.04 mg RE/g dry
weight 2 F&E ol H]8)] 7] Jehd o, Fe*ol2 e
o|E oA GA] MR 5Y Z}ol|A] 38.40-7847% = FE
Fard} Blaste] & €] YERITE DPPH 2tz 427
g4 9 SoD fAFEA S B8 79 2l 27} 36.01-
86.81%, 54.79-93.83% = STt E& 73} Blwale] = TS
H3ow, ABTS go|Z &7 &4 Eaa Hlﬂ%} o]
R STV AV fAKSE A DS BT Egh U
7°‘°ﬂ/\1 kst 240 g S7ke antsl o] St
+ A& AT webA] & ilkst Aol St
=719 it BEES 715 2 N A8 7k
Ao AlRHTh

s i
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