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Abstract

This study was carried out to investigate the characteristics of black jujube and Zizyphus jujube extracts
during lactic acid fermentation. Both extracts were fermented using Lactobacillus fermentum YL-3. As a result,
viable cell number rapidly increased until 24 hours, after which it gradually decreased. Before lactic acid fermen-
tation, the ICso of black jujube, which was 0.014 mg/mL, was lower than that of Zizyphus jujube. Further, black
jujube showed stronger antioxidant activity (374.21 mg AA eq/g) than Zizyphus jujube. Contents of total poly—
phenolics in both extracts were 15.46 mg/g and 13.61 mg/g, respectively, whereas contents of total flavonoids
were 374.21 pg/g and 64.25 ng/g. After lactic acid fermentation, there was no significant increase in DPPH
or ABTS free radical scavenging activity. Total polyphenolic content of Zizyphus jujube decreased to 12.39
mg/g upon fermentation, whereas flavonoid content significantly increased to 291.58 ng/g. Further, polyphenolic
and flavonoid contents of black jujube increased from 15.46 mg/g to 17.46 mg/g and from 374.21 pg/g to 1,135.29
ug/g, respectively. These results demonstrate that 9-Times Steamed and Dried increased functional components.
Especially, lactic acid fermented black jujube showed remarkably high antioxidant activity. These results confirm
the potential use of lactic acid fermented black jujube as a valuable resource for the development of functional

foods.
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59 298 A= PAEE ¢HA Uk 531, Lactoba-
cillus fermentume 373}, 4rsh, i Ad A4 o
A 2 ZY 2 E A3l 25 /A= dFoloh 3 1R
sk baA Y] B2 RHE AFAZAY Ve T F Ue
FArF o g AWE Lactobacillus frmentum YL-35 U
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B 230 Alge AubAzF(Zyziphus jujube; ©)8
1 ZF(black jujube; ©]3} SthF)=
Q) EEutol 28l S B3 TUSAL, AHE FF
A
2

FrA = AP LA A

o], AFEHlX= MRS Broth(Difco, Detroit, MI, USA)Z
AREBERAT. ©ol 5 TF = 50%9] glycerole] & B A ol
HZE3st] -85°C9] deep freezer(Ultra-low temperature
freezer, MDF-192, Sanyo Electric Biomedical Co., Ltd.,
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Osaka, Japan)oll X 3#3}e] AL&3F0m, 37°Coll A 2447k
B2t 33 o) AlY st 43 A1Z] & AME-SF AT

CHEo| EIME 24

39 gdutAd R 242 AQACH12)d wat =339
o &, s 105C 4t Az, 209 de Kieldahl
AP o g ZAWS Soxhlety, 23| E-S 550°C 24
Izl o2 A5t @S TLC(thin layer chromatog-

raphy) & ©]&3}] &4 3 31, HPLC(high perform-
ance liquid chromatography)® A ZF&4 315}
TLC(thin layer chromatography): Silica gel TLC
plate(20 x 20 cm, Whatman K5F, 150 A, Whatman, Buck-
ing Hamshire, UK)ell standard(1%62] fructose, glucose,
galactose, sucrose, maltose)$} samples 1 pL¥ FA|31E
3ol spotting3}al acetonitrile : water(85:15, v/v) 7))
A AMAIZ] oFe LA A 2E(0.5% a-naphtal, 5% H:SO4
in EtOH solution)& ©]-&3f LA st 255 Fo T2 4
A EAskATH
HPLC(high performance liquid chromatography):
ARl A3 samples 7] A 4 FEE9 AAYRE
S5 T oS HAAA A7) 98] 1083 E
deo @ Wy, 13,000 rpmell A 1083 A2 E 55
™ 0.45 pm filter2 o 2}8}9 31, Sep-pak(Sep-Pak”® Vac
cc C18 Cartridges, Waters, Dublin, Ireland) g ©] 835}
ZE9] A4S AASAT HPLCE 9 E7]17] Acme 9000
(Acme 9000 HPLC, Young Lin Instrument Co., Anyang,
Korea)o|™, Z+9-& NH2P-50 4E(Asahipak NH2P-50 4E,
5 nm, 4.6 %250 mm, Shodex, Tokyo, Japan)S A}&3} 3ok
AZ 7] refractive index(RI, Acme 9000, Young Lin
Instrument Co.), ©]54H& acetonitrile : water="73:27(v/v%),
42 1 mL/ming AMESIR o FEGNo=E AT
£ A3 FEE T ME BT FHFS AFSATAI).

L o o 4y e

-~

il

Hoop 1A

FEFTH MY

Arol AUz $22 & Y= 24 A4 e

Jo

=]
i
=]
R

=

oo‘:o olo

HEXH (response surface methodology, RSM)<
Pk U39 &2 (30, 40, 50, 60, 70°C),
76, 12, 18, 24, 30A1%1), &-vi2=43(50, 60, 70, 80, 90%
(v/v) ethanol)S W42 F A5 A 8 H (central composite
design, CCD)dll ¢]3}e] Table 13 7o) 167) A7t =
AAsRaL, FE2FA = 1Rk 5 7](Vision Scientific Co.,
Ltd,, Seoul, Korea)& AH&-3tth 2+ o3 10 goll 100 mL9]
| E 713t mhagk ok 200 rpm O 2 33 WHE wnk &
AT FE2ES 4°Coll A 1087 3,000 rpm .2 YA Eg
g & AqFele de FEAS IAAFFTFF7(CCA-
1110, EYELA, Tokyo, Japan)Z &33F & 7+t Z&(Town-
son Mercer Ltd., Manchester, UK)3lo] &ujS 73] A A
3t S AAZ7](Modulyod-115, Thermo Electron Co.,
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Table 1. The experimental design of the extraction conditions
for Zizyphus jujube and black jujube by response surface
methods

Independent variables

Exp No. Temperature (°C) Time (hr) Ethanol conc. (%)
1 30 (-2) 18( 0) 70 ( 0)
2 40 (-1) 12 (-1) 60 (-1)
3 40 (1) 12 (-1) 80 (+1)
4 40 (1) 24 (+1) 60 (-1)
5 40 (-1) 24 (+1) 80 (+1)
6 50 ( 0) 6 (-2) 70 ( 0)
7 50 ( 0) 18( 0) 50 (-2)
8 50 ( 0) 18( 0) 70 ( 0)
9 50 ( 0) 18( 0) 70 ( 0)
10 50 ( 0) 18( 0) 90 (+2)
11 50 ( 0) 30 (+2) 70 ( 0)
12 60 (+1) 12 (-1) 60 (-1)
13 60 (+1) 12 (-1) 80 (+1)
14 60 (+1) 24 (+1) 60 (1)
15 60 (+1) 24 (+1) 80 (+1)
16 70 (+2) 18(C 0) 70 ( 0)

Waltham, MA, USA)E 524X 3o & 85 =43}
At £€ 2H T =254 100 mLE FL3 -20°Col A
YR A3HA Ao 183 TH14). ZE YL 33 ®F

B il
3 A9 B3 20 g8 200 mLY EFFE 71ete] vl
gl o2 Wk FE7](VS-8480, Vision Scientific Co., Ltd.)

2 25°C, 200 rpmolA FE3tAth FE2HE AT (What-
man No.3, Whatman)& ©] &3} 7t gstar, S & A
Ast7] f18l IR HFEEF71(CCA-1110, EYELA)E A%
sttt Alzd FEE& SHTE 100 mL B8t

FEEO wAEE
dEE 98 AHEE FF YL-32 MRS broth(Difco)
o] HZ3l 37°C incubatoroll Al 24417 b vl ka9 1,
ol& 33| A e T MEFS HAAEAT T g

FAHFE 660 nmoll A optical density gke] 0.3°] H =&

3]
27145 BRASAL, dFFEELS autoclave(121°C,15
1=)
EUy

(v/v) HZ3 %, 37°C incubatord] A 96417t =<t vl Fat 4]
o Adres TEFHAMANSES o] &3t 7 A,
4,8 12, 24, 48, 72, BAIZHE Z SR =, AIEE 08%
(w/v) NaCl 462 1074 47 3]4ste] MRS agar
(Difco)ell 100 uL# spreadingdt ¥ 37°C incubatorol] A 24
AlZE B3t sttt Bl & colony =7} 30~300%1 plate

= "3l colony 5 = 74 (CFU/mL)E 4+
3k FFEEY 2 Fa Y9 pH= pH meter
(720p, Istek Inc., Seoul, Korea)E ©o]-&3a}od 2+ A|7+h (0,
4, 8,12, 24, 48, 72, 96A1ZHE R A2 A Z73ATt.

At g M3 o| ZtiFe} SiFE FEEQ| 7|54 24
Z ZY9E 33 F Z2ods F3LE Folin-Denis'®
(Hegerman 5(16))S 583t S43Ath dlF F2& 100
pLell 29 NaxCOs 94 2 mL=E 713 & 387t o2
50% Folin-Ciocalteu reagent 100 pL& 7}3F 3 30% HF-S-A]
A WgAe FH= FS 750 nmoll A A3} Bl
23L& Fsl Al 2HEA 222 gallic acid(Sigma
Chemical Co., St. Louis, MO, USA)E Al&3slgom, A&
g% gallic acid equivalent mg o 2 32tsle] T 3
S BAEIY Y BE Ade 33 ke dgsigon, TE
AT FHs g o] BA4S A8 SPSS 160 BAZ=E
213 (SPSS Inc., Chicago, IL, USA)S ©]-&3}] t-test2 4!
Alate] Fol S AA3ATHP=0.05).

ZF ERExolE §F T TR ol= L Zishen
5173 Dewanto 5(18)2] WS WEF3t =
3 FEE 250 pLol S/ 1 mL9k 5% NaNO. 75 uL&
7}t 58 ¥ES & 10% AlCl; 6H0 150 ulLg 7138l 6%3t
WA% o 1 N NaOH 500 uLg 713l 11 w2171 &
Hhg-ol o] E34 % 748 510 nmollA] S Pt FFEHA=E
(+)-catechin hydrate(Sigma Chemical Co.)& A}-&3te] A
FXAS AAlSIH oM, AlF g catechin hydrate equivalent
g o 2 Fate] FetRicol® S FASIAY e A
He 33 wE Aydsgoen, SPSS 160 EAZEH
(SPSS Inc.)& o] 83} t-testE AAIEY E A5 £+
B e o] A4 gk fo)A3& HAA s A THP=0.05).

DPPH(a,a-diphenyl-B-picrylhydrazyl) free radical
A2AGA: A8 FEE $43AF o5 (electron donat-
ing activity, EDA)S &3 34t &4 A& 138 Choi
(19)¢] WHE WE3t 2AP3tAt Ne&dd &3 2x
10 * M DPPH(0.2 mM DPPH)(Sigma Chemical Co.) &}
08 mLol| U5 555 02 mLE 75tz A-20M 3087

WA F, 520 ol FAEE SRR 54048
e 7 AL 33 wHAd FTE W G 2Tl
0 FYE gk AEF O Ao ostel AdseTt
z o] Tl
EDA (%6)=(1— A]’:f;‘j gjf% 9]%';%5 %100
YL FEEY RS st FREE ST F AT
Ae AAskd. A48 HFAAE o8-8t EDA%)7}

9945 AANAHp=0.05).
ABTSI[2,2'-azino-bis-(3-ethylbenzothiazoline-
6-sulfonic acid)] free radical 2 A&A: A8 FEE°
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Table 2. Components of Zizyphus jujube and black jujube ex—
tracts (unit: %)

Crude

protein

Z. jujube 3511+£0.96" 650+0.35 0.70+0.07" 1.71+0.14"

Black 40.18+297 6.63+1.16 1.13+0.09 2.14+0.18
jujube

Sample Water Crude fat Crude ash

All values are mean=SD (n=3).
Significant difference between both extracts, respectively, with

Hrk

"p=<0.05 (Student’s ¢ test), “p=<0.01 (Student’s ¢ test), “p<
0.001 (Student’s ¢ test).

ABTS free radical £7% < Re(20)2] WS W5t =
A3t 2,2'-Azino-bis-(3-ethylbenzothiazoline-6-sul-
fonic acid)(ABTS, Sigma Chemical Co.) 7.4 mM3} potas-
sium persulphate 26 mM< 1112 £33t & 31F T ok
o A W3l ABTS & HA4A17 & o] 48 735 nmeoll
A OD#ol 14~157F F=2 & F3AF(=36x10"M "'
cm HE o] &3ste] FHEFE I3k 348 ABTS &
H 1 mLel FEH 50 uLE 718k 60 Fo F3E ¥stE
2P on, EFEZZA L-ascorbic acid® 5% 7}
sttt & dakstE 2 ot o Ao 2 ALtetl e, 33] vt
5 AR t-test2 FodES AR FATHD=0.05)(20).
AAAAaa x Caax 'V x 1\?\?
AAD FE2ES PE W] ODY W3l
AAaa: AA std. soln.o] FE& 4l 5% So4S WY
OD<] w3}
Caa: AA std. soln.®] & %=(mg/mL)
Vi F&E9 AE&59(mL)

W: Sample homogenate®] weight(g)

AEAC (mg AA eq)=

z
=

=l

RETEnEY

Chaso] kys B

= =1

AOACHE &3 AE AAT A5t S It
AR FFS £4% AoE Table 29 2o AdlF9 &8
< BI%RL, FUHF= 40.18%9] FFS Hebllt =&

1o,
3

% fAREIY 3 54 e 1349

w3} 2A G, 2I% FFe SUhF7} AhFo] s

S 247} 10.36%, 5.11%, 0.24%, 1.72% S H+
T3tH T o] 59 AFolA il AT} %3
F7 AdFRG XA, SR 2AHL
2 S BYT o] A A g A€
g SO F7F datdxd e vE) o w2
ot zpol 7} Ut o] gk Ao o)

S FEFE 216 uel gy
&< YeEhl L Sl

TLCE o] &% tF F&59 & #4495 A3l standard=
1%9] fructose, glucose, galactose, sucrose, maltoseS A&
sk, 0.3 g/mLsl AHF9F SF FEE-S 109, 500,
1008 3A3te] 1 uLA spottingdr 23 F FE2&E BT
fructose, glucose, sucrose® ZAH o UdSS & F AAT
(Fig. 1).

TLCS A% E EYE gFFE59 T2
tose9} glucose, sucroseZ standardZ 3}
3tAtHFig. 2). ARFAE o] &3t ZF 59 T
g A Ath3E9 fructosed] TS 560 g/10
cose= 6.30 g/100 g, sucrose= 9.04 g/100 g<] 3t
Wi, SF9 fructose, glucose, sucrose &#-2
g/100 g, 12.76 g/100 g, 2.95 g/100 g©] A tH(Table 3).
= AulFol vl3) fructose} glucosed] o] o =9
sucroses AHF7F SHFRT FoFo=2 o L 3
e

Sim(21)& 59 F2 #8132 fructose®} glucose®] 1L,
AW 3£ sucrose, fructose, glucoseE 27+ 2.69, 657, 5.34
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Fig. 1. TLC of sugars in Zizyphus jujube and black jujube extracts. Left: Z. jujube, Right: black jujube. Solvent; acetonitrile : water

(85:15, v/v).
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3500 7 y =76289x - 101.45
i R?=1
3000 y=T77867x-221.72
2500 R?=0.9977
2000 - y =54213x + 115.38
R?=0.9935
1500 -
1000 + & Fructose
H Glucose
500 - A Sucrose
0 : ‘ ‘ ‘ ‘
0 0.01 0.02 0.03 0.04 0.05
Amount

Fig. 2. Calibration curves for sugar standards.

Table 3. Contents of sugars in Zizyphus jujube and black ju-
jube extracts (unit: g/100 g)

[e)
pl

Type Fructose Glucose Sucrose
Z jujube 560+5.217" 6.30+£9.43™  9.04+2.89""
Black jujube 9.76+4.25 12.76+13.42  295+2.64

All values are mean+SD (n=3), p<0.05, “p=<0.01, ““p=<0.001.

g/100 g -3t YA, EH3FE sucrose, maltose, lac—
tose, fructose, glucoseZ ZAIH o] AP oH 1 gFe 247t

0.10, 0.14, 0.10, 7.89, 5.62 g/100 golU vt B3} H T} &
AFAA AFY F8F 242 Sim2D)Y A9 Y
Foy SF= o|FFH2 maltoses} lactose2] A
o7} AR, 1T FFE tha A} ]7]' UA

o] o] FF o] A Fd vla| Hrke
734’}9]' Y 0}93‘3]' °] 315} AR=

r1r g
e [o o 4 2% _0|L

—1N'>£—\Jr§i£~

St A9} AdlF= 40°Cell A
S W) 5972%E M = F
12417k, 60%9] oete F&x
EA =5 A HTable 4, Fig. 3)
A Az} 741‘41T9Jr SUF 25
p=<0.019] frojFFolr] daFs

259} A7t 3}
5.4 F& 2709
6o YElA S, 2 tH%g‘r—ii
7} 03518, 0.38700.2 =g
de F& 204 vt F
9] ofgtE Bl&o] ~7P
o] HH $&o] 73]

)

T

ol
= 3

mlo

il

2=
S

Table 4. Extraction yield of Zizyphus jujube and black jujube
by central composite design

Exn N Yield(%)

*p 0. Z. jujube Black jujube
1 55.05+3.24*Y 5851 +3.34°
2 51.32+7.97" 59.97 +2.25°
3 57.12+053" 56.93+0.87°
4 54.34+4.29" 58.87+0.83"
5 59.72+0.80 59.834.09%
6 56.8+£0.73" 56.47 +3.35
7 54.2+2.73% 57.07+0.86
8 55.99+2.85" 59.10+4.01°
9 55.11+2.89° 58.20+4.52°
10 46.59+0.67° 46.09+8.16°
11 55.69+2.70° 58.45+ 257
12 56.34+1.64" 57.66+0.24°
13 56.26+1.93 57.83+0.53"
14 57.78+0.53" 57.2441.03"
15 54.30+5.68" 47.79+14.60™
16 57.38+0.20™ 54.93+2.67"

All values are mean+SD (n=3).
UMeans with different letters in same column are significantly
different from the others at p<0.05.

Table 5. Analysis of regression models for variables in ex—
traction condition

. F-value
Independent variables 7 jujube Black jujube
Temperature (°C) 2.04 1.90
Time (hr) 0.46 0.81
Ethanol conc. (%) 3.60" 412"

All values are mean=*SD (n=3), 'p<0.05, “p=<0.01, “"p=<0.001.

Table 6. Polynomial equation calculated by RSM for ex-
traction of Zizyphus jujube and black jujube

Type Second order polynomials” R?
Z. jujube Y=-1.843750X1X3-1.288333X 3" 0.3518
Black jujube Y=-2.083125X3-1.763333X 3" 0.3870

DX1: extraction temperature (°C), X2: extraction times (hr), X3:
ethanol concentration (%).

L
L

l

Woo 5(26)2] ZAz}e}
= 46°C, 14413, ogEFT 74% 7 A,
2°c 15A17F, &S5 = 67%% ZANA A

o] el Ao g dZH ) B ATE S
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Fig. 3. Effect of extraction temperature, times, ethanol concentration on the yield of Zizyphus jujube and black jujube extracts.

ol 582 gul9 B vgo] L Bo] W AL
Fastgrh

tHEFEsel SAs

W EW RAME ol 8F AF F5 4% A%, 448
16749] 2A0) WE 589 FH Fol7t Yt R FL
gvl vlg 2AGNE 238 S0l BadE 9 oY
74 8916 o8 AFAG gol Ave] fo14S FHHA

stoleh. WebA Jeong(15)9] FE2AL WH el AhF

o} ZUF FEE st 7t i FEE
AZE3ted 37°Col A 96A17F vl F3tEA Frakat o] Ao}
pHE £33 29, F F38 ZF A vl & 27) A+
4= log 5.96 CFU/mLoA] log 6.71 CFU/mL(ZAtF)E, log
6.00 CFU/mLIA log 647 CFU/mL(Zt5)& Z7}38lo

W5E4717h A4 Ak 2447 Bl F

= Az o] YL-3&
A9

%—E’_E] ‘}ii‘ﬂ (Table 8), ﬂ“_ﬁ/] L=
o= & Zol7t gl cH(Fig. 4). 5 %%

Table 7. Predicted values of extraction conditions for the maximized responses of variables by the Ridge analysis

Independent variables”

Responses X1 X2 X3 Estimated responses Morphology
Yield; (%) 45.53 13.55 73.66 56.38 (max.) Saddle point
Yields (%) 51.85 15.49 67.41 59.53 (max.) Saddle point

UX1: extraction temperature (°C), X2: extraction times (hr), X3: ethanol concentration (%).
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Table 8. The viable cell counts of lactic acid bacteria (YL-3) during fermentations

(unit: Log CFU/mL)

0 hr 4 hr 8 hr 12 hr 24 hr 48 hr 72 hr 96 hr
Z. jujube 5.96+0.04 5.91+0.09 6.71+0.14" 754+0.09" 8.69+0.04 8.66+0.07 8.38+0.44 7.23+0.16"
Black jujube 6.00+0.05 5.74+0.12 6.47+0.08 7.83+0.10 8.73+0.09 8.79+0.10 8.35+0.04 7.75+0.18

All values are mean+SD (n=3), p<0.05, “p=<0.01, *"p=<0.001.

Table 9. The pH changes during fermentations

0 hr 4 hr 8 hr 12 hr 24 hr 48 hr 72 hr 96 hr
Z. jujube 476+0" 478+0.01"" 4.75+0.02"" 4.52+0.04" 3.88+0"" 3.69+0 3.63+0 3.61+0.01
Black jujube 4.47+0 447+0 4.45+0.01 4.36+0.01 3.99+0.01 3.71+0.01 3.64+0.01 3.61+0

All values are mean*=SD (n=3), p<0.05, “"p<0.01, “"p<0.001.
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Fig. 4. The viable cell counts (YL-3) and pHs during fer—
mentations.
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4472 oA zpol b 9191_9‘/}, FFEE
7HA pH7} DA SHA frA1E AL, 1243 F
adte] 2413t o] Fell= Ao dATHA FA

s} RS HATH(Fig. 4).
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Table 10. Concentration of total polyphenol and flavonoid
compound in Zizyphus jujube and black jujube extracts

Total polyphenol Total flavonoid

Sample compound (mg/g) compound (ug/g)
Z. jujube 13.61 0.1 64.25+1.16™
Black jujube 15.46+0.33 374.21£2.16

All values are mean=+SD (n=3), 'p<0.05, “"p=<0.01, “"p=<0.001.

Sim2D 9] AdFe} SF] 0% AeEE FE2=59] &
¥ g S AN A5 235 mg/gola SUiF
303 mg/go. 2 ¥ A7HT ¢ EA YEgoy, o] AL
& Nge} FE2A Zold 23 Aoz AaEy, SF
7F Aol vld) o w2 d3S el dae 2 AT
o} Tttt SS9 HE4d 53 FHF2 Bae9} Choe
@279 AT Bk ev] FE2E9] ZdE & 3.84
mg/gR o =931, 0.05 mg/ge] ZefRxolE SHFRT=
wokout zpelzt AA gtk

Adise] wg § Z¥s &3 1361 mg/goll A 12.39
mg/gl 2 Ao FefR o= gL 64.25 ng/
goll A 291.58 pg/g o2 F3A 7+ Yeplth S+
o] ZHHE S 1546 mg/gol A 1746 mg/gl &, S
Riol= a2 37421 pg/gollA 113529 pg/go = W&
Fo F AR o] BF I/Iete A& A5 i Table
11) o] AxE T3l U5} ddiFol vs) 9 E& dakE)

N > orr W

Table 11. The changes of total polyphenol and flavonoid
contents after the fermentation of jujube extracts

Sample” Total polyphenol Total flavonoid

D compound (mg/g) compound (ug/g)

7 iviube Before ferm. 13.61+0.10" 64.25+1.16™"
JWHEPE After ferm. 12.39+0.12 291.58 + 14.04
Black Before ferm. 15.46+0.33" 374.21 £2.16™
jujube After ferm. 17.464+0.95 1,135.29+26.16

All values are mean+SD (n=3), ‘p<0.05, “p<0.01, “"p=<0.001.
UBefore ferm.: before fermentation, After ferm.: after fermenta-
tion.
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Table 12. EDAs, ICso and AEAC for Zizyphus jujube and black jujube

Electron donating ability (%)

Sample 0.0025 mg/mL 0.001 mg/mL ICs0 (mg/mL) AEAC (mgAAeq/g)
Z. jujube 31.1+0.19™ 13.78+0.23" 30.87+0.06"" 0.55+0.004""
Black jujube 74.72+1.39 40.37*5.12 14.69+0.12 1.060.02

All values are mean=SD (n=3), p<0.05, “"p<0.01, “"p=<0.001.

Table 13. The changes of EDAs, ICs0, AEAC contents after the fermentation of jujube extracts

Electron donating ability (%)

. i . .
Sample 0.025 mg/mL 001 mg/mL 1Cs (mg/mL) AEAC (mgAAeq/g)
P Before ferm. 31.10+0.19™ 13.78+0.23 30.87+0.06™ 0.55+0.004
- After ferm. 24.77+0.50 12.95+0.69 49.97+1.23 0.60-+0.02
Black wiube Before ferm. 74.72+1.39" 40.37+152 14.69+0.12 1.06+0.02
W After ferm. 79.88+0.92 4753+7.05 10.64+1.86 1.04+0.03

All values are mean+SD (n=3), "p<0.05, “p=<0.01, “"p=<0.001.
DBefore ferm.: before fermentation, After ferm.: after fermentation.

Qase 20ERe HsAe BT Mo 5099 A FEPE @ FaHEd 37 &Rl
T ARNNE FEE WENE B FAM AATHE I geb BFE VRS B AANRY PRI B3
% 3

4 gR7t A= HEg A9 FFo] S A& B AT o Bl dad Aoz AZHT
3taL, WEkA BEE T3k sl BEA St 94
e F AS HAoE ATHG e <
Y F FEE9 radical 2AZ4AE =437 Y3l DPPH
9} ABTSS ©0]-83}%3, DPPH radical 274 &4k3} & 2 ApoMe ZAYPUEED) T 7 dx2dd FEST
Aol MAFAFoR Q) HIFS sE ¢ WIS of R FOLKIUEH S $838t steam, AX, A2 4 HH S
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TE(IC)E EHT 4%, AdF< EDA9 ICse 0.025 v, SR 22, 23589 e S ddFRo
mg/mL F=°lA 31.10%, 30.87 mg/mLo]1L, ZthF= 7472 H 52 AL g2lstgtk TLCS HPLCE ol 43t 3 4
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