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Effects of Antioxidative Activity and Functional Components of
Ginger (Zingiber Officinale Roscoe) Extract by
Fermentation and Enzyme Treatment
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Abstract

The objectives of this study are to increase the contents of functional compounds and antioxidant activity obtained
from ginger (Zingiber officinale Roscoe) extracts using fermentation and enzyme. The optimal conditions (1%,
Aspergillus luchuensis) for extraction methods were determined through fermentation treatment of ginger (concen-
trations of 0.5 and 1%; Aspergillus oryzae and Aspergillus luchuensis). The quality characteristics of the ginger
extract for each treatment method (HW, hot water treated; EZ, enzyme; AL, fermentation; ALEZ, fermentation and
enzyme) were observed using the optimal conditions. The water-soluble index (WSI) and total sugar content of the
ALEZ increased by 2.6 times and 6.5 times, respectively, compared with that of the HW. However, the sum of gin-
gerol and shogaol contents of ALEZ were 73.9% in ratio compared with lower than that of the HW. Antioxidant
contents were generally higher in ALEZ, similar to the WSI trend. Therefore, ALEZ was more effective in enhanc-
ing antioxidant activity than EZ and AL. The fermentation and enzymatic approach described in this study would
be beneficial to food industries for developing ginger functional products and materials.
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A 7} IH(Zingiberaceae)oll <8t= A7 (Zingiber officinale
Roscoe) olEd] ¥ &d] X|Jo] dAikAol =] =8

AR = AE Qb U Aal AE BE ooz thd
A Z2E AE Fo shEA 7AxshA] &S ByEE o
SICHKim et al., 1991; Nam et al., 2018). 7S Lwtz
o7 o] 80:90%E A, Aol MA PR
40-60%°] H| &S 7HIth 71540 £ L8R dHx
Yol 274 579 gtk 71E AYL o] 7194 3
A71735E AAR SR de] of&=a St mhs, 3, 3L

S A FAEE Hol 2oli om, A A,
AL, A 2 FE2E 59 FHE FE5HL Arh(Leung,
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1980). A47e] &z F8 71e AESZ = gingerol
shogaol2 553 wjeutS Wiw gitsl, dFe S4S
7FA 2 A TtHConnell, 1970). T3, dH 285X Q%
55, AL &8 HEA 5o X8 Zﬂi thFsA o]8-E =

2l

>,\1

2 A UAtkKim et al., 1991; Bang et al., 2001).
& Eo] FEE ol &t R7l=e Ealcte 3
& 1] A& (probiotics)©] o]4ts}ERA H
ol &g =5 A, ololle W+,

ATHPark et al., 2009; Park, 2012).
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THPark, 2012). ©]9}
£ (Chun & Chung, 2011),
J(Seo et al., 2017), && &
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23} EA(Nam et al, 2018), T4 &4
E4Ag A FEE9 7sAAE F&3kNam et al,
2019)7F 1om, kel B33 725 Thesishr] €
Pectinase®?} Alpha-amylase”} £ 02 AM&-¥ ATt wF
of, Xxrt dd = &gsto] rhealetAy Ta st
AP E FHOR AP A7 A= A olHAA
gHfoltt.

wEba 2 Ao s TE nAE FolAE HE 2 &
g Bjgo] 43 g2 AWE =d(dspergillus
oryzae)3t W =-(Aspergillus luchuensts)_ Z LS I8
sto] Al zxd FEES 7SR WstE IRl ol&
Eoll Aol Aget et HrbESs AAsA A=
#7E 8ot e B 84 5 A2 A FE=9
BAEl AR 9 AL vy BATIo 2 A7te] 7]5A
Eﬂﬂﬁr 2 AASEE T TS AAEAL 7R AEE

&-8-3tA} gt

52 kol‘
fo b 3 2 ¢

>

o FPE o

W=

Aol A A7 20199 SFE- ST E Tl
g St A EF dx 28 200C ¥F
ShHA Ao AREsiATh WRA AREE A
802 Az W= F=rd(4spergillus oryzae, CF1003)
I W= (Aspergillus luchuensis, CF1005)S G T3
(Ulsan, Korea)oll Al 913l AF8-3}9Th &4 Pectinase
(Pectinex Ultra SP-L)®} Alpha-amylase (Termamyl 2X)E

1
e

fo roJ -

R B3 Aol e el JIsE B st fs 13

Novozymes (Novo Nordisk, Copenhagen, Denmark)A}ol| 4]
T3t ARSI Aol AMEE Al 2F2 dinitrosalicylic
acid (DNS), Folin-Ciocalteu's reagent, gallic acid, glucose,
catechin, sulfuric-acid, 2,2-diphenyl-1-picrylhydrazyl, 2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonia acid), potassium
persulfate (Sigma-Aldrich Co., St. Louis, MO, USA)S A}
gttt A EAE EFEZE 6-gingerol, 8-gingerol, 10-
gingerol, 6-shogaol, 8-shogaol, 10-shogaol (Chromadex,
Laguna Hills, CA, USA)S AR&-3lSiT) 2 9] AJoF 2 &
&= 148 E3A] 2K(Sigma-Aldrich Co.)S A3t

(=}

Aoy +#F B HAUHF AR S A% A BT 2
goll 7trdte] R SRS 40%E 243 T HFEA L,
o3 T7F= S=dU. oryzae)d W= (A luchuensis)S
AHESEATE &= B WSO FFE 2.0x10°7E A,
4.0x10YEASg0. 2 oo] HEH #3} @7l uhe} ioL
ZF 05% (A), F=F 1% B), 27 05% (C), W=

1% (D)ZE AFstR e, 8l %7](VS-1203PFHLN, Vision
Scientific, Co., Ltd., Daejeon, Korea)olAl &% 37°C, &%
70%°] o2 79 FF v vidE Als A
= frelgell wet 70% ethanol 400 mLE B3 6412k &
ok 300 ipm L2 wukeFHEA &8 T 7kl st A
S T4 Axdted F ZYHE(TP) 9 F SHRkol=
(TF) 32, DPPH 2 ABTS 2]z 27 34 Ao A}
Skt ETH(CONye #55 HTHA 8L 5T

zro= APt

e
—

e X 24 SEF A

2 Aol AR AE] el 3PS Table 19 o
ERfigich 2 3 34 59 A(ALEZD)E ¥ A%
A7y el g 43R AAGE W5#(71E tiHl 1%)S
71:41%‘6]'0:1 HHOO]:(‘?:E 37°C, %E 70%, E)O]')\lx . O] HH
Y=ol Nam et al. (2018)°] 4 Ay gS &8t
of MlZd 3] 2%l Pectinase (712 tH| 1%, 0.2 g,

660 Unit)S o] %8(50°c, 2A17F, 200 rpm)3FR L, HE
3 &49 Alpha-amylase (712 tH] 1%, 0.2 g, 48
Unit)E 23 WE3(93°C, 1417, 200 rpm)3tAth. o] &, A
= e 24 EZASE fste] wRbr|oA T7}i

Table 1. Treatment condition from ginger extract by fermentation and enzyme treatment

Treatment Incubaj[ion First extraction Second extraction
(temp. 37°C, humid 70%, 7 days) (50°C, 2 h, 200 rpm) (93°C, 1 h, 200 rpm)
HW"Y - - -
EZ - Pectinase 1% Alpha-amylase 1%
AL A. luchuensis 1% - -
ALEZ A. luchuensis 1% Pectinase 1% Alpha-amylase 1%

DHW, hot-water treated; EZ, enzyme treated; AL, fermentation treated; ALEZ, fermentation and enzyme treated.
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100°C, 527+ A2lstith. a4 A2|(EZ)= ALEZS W
oAl EA Az wnk JYsta, daE AHZ(AL)E
ALEZ®] oA gt lgfste] A2 wjdEol 2
Z(Water Bath Shaking, MaXturdy-18, Daihan sci.,
si, Korea)ollAl X 2](1x}: 50°C, 2A17F, 200 rpm; 232} 93°C,
A1ZF, 200 rpm)3FA T %Z—%%(HW)& EZ " elA
>é. 7He A9 A WHoR sttt Ad =
FEE2 AR E AMEst At AT e
LR (WSI), & HTS), SAHRS), TP, TE, DPPH
BTS A&l AHg-3t3th.

Wonju-

—
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¥ dn ot
e
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A7 FE2E9 FE&H A (Water Solubility Index
WSI)E Anderson et al. (1970)¢] "ol wel A7} F&
22 aluminium Aol Ho} dF7x7](Ovens, Thermo-
Stable OF-305, Daihan Sci.)ol|4] 50°C, 244]7F &<t Ax
g 5 Ao v S FAseH AEA2 of

eh ot 2t

WSI (%) = [(soluble solids g / 5 mL)
x supematant total vol. (mL)]/5 x 100

o ol ghelet B A3

& FEE9 % Y(Total Sugar, TS)2 Dubois et al.
(1956)2] phenol sulfuric acidf< ©]-83FH o, 7]}
zs]. )\]-Eou% 50- ZOOHHE _‘4/\4 s} 6 /\]_,9_—5—} q_ ',]/\-15] /\]
F 0.5 mLel 5% phenol €< 0.5 mLE Y3 %f&?:f} R
sulfuric acid 2.5 mL& 7}0}04 s A AT} o] EAS
3057 229 WA$ & Microplate Reader (Infinite 200

PRO, TECAN, Grodig, Austria)E ©]83}%] 470 nmolA]

EAEE 2389, F AHFE glucoseES: XFEHE

ARgEte] FEEA o 2 RE Saksln) ﬂ%%P(Reducmg
Sugar, RS)2 Miller (1959)2] DNS ol o3l =431

oh Aol A5AS 152 48 AlE 1 mLo
DNS Ao} 3 mLE B3 3 F #e 2o 587 3
B3k oS Wzhste] 25 mL volumetric flaskel] Y3 57/
T2 ZE&siirh 2% 550 nmollA S48k T2 T
Zol| A= u,\(glucose equivalent, GE, g%)2.2 UERY
At

Gingerol 2 shogaol &2F £
A7y FE2EL] 758 E AL FEES 5 1x%
% 1mL9 80% methanol®]l &3 A7 0.2 um syringe
filter (Millipore, Billetica, MA, USA)Z o 3}3}e] UPLC
A8kt A o]-&8 UPLC %712 Nexera X2
system (Shimadzu, Kyoto, Japan)S AFHE-3}S 3L columnS
2+ Kintex XB.C18 100 A column (1.7 um, 150x2.1

mm, phenomenex, CA, USA)S ©]&3H T} 0.1% acetic
acid& 3 acetonitrile @ SHTE ©ol5FoE A3}
AL F5L 03 mbL/min, ¥4 FYHFS 2 uL, Diode
Array Detector (DAD, UV)®] A&7|E ©]&3te] 280 nm
Z BN APt A7e] A EAdELS 6-gingerol (6-
G), 8-gingerol (8-G), 10-gingerol (10-G), 6-shogaol (6-S),
8-shogaol (8-S), 10-shogaol (10-S)S =43} o] uf,
7z} RS FFEFALS 10, 50, 100, 500, 1,000 ppm o=
A zste] FA8k3 T

Z bz ¥ & E2E0E e FY

A7y FE2E9] F Z2]9E(total polyphenol: TP) &S
Dewanto et al. (2002)2] ¥l F3sle] v A A =FslHTh
7k FZAIE 100 pLell 2% Na,CO, €9 2 mLE 7}3sfal
387 WX|g &, 50% Folin-Ciocalteu A] 2F(Sigma Aldrich,
St. Louis, MO, USA) 100 uLE 713k & &3}3te] 3027
ALoA AR S 750 nmolA EF T FHS A3
. RFEHZE gllic acidE o] &3le] TFFA 02 HH
Satkste] A3t} £ EEFR =0 =(total flavonoid: TF)
SHFS Jang et al. (2012)¢] Wyl wet ST =
£ 250 pLoll SFF 1 mLe 5% NaNO, 75 uL& 7}+gt
3 5 Fol AeoA WA °o]F 10% AICL-6H,0
150 uLs 7}o}J_ 637+ WXk & 1 M NaOH 0.5 mLE
Y E9s & A A Tk, whgel o] FEE e

)
E%EZ'E (+)-catechinS A&
/\

202 A SS £85I sHAle} B =X

DPPH &tz 427 &4-S Hwang et al.
(2011)2] Wl Fote] 3743k th. Methanolo]l DPPHE
Hal 607 5] gt Azt FE= 50 uL
o] 02 mM DPPH €9 | mLE ¥ 308 5 Lo
A WA RITE 520 nmoll A S350 HAaAE S48k
AEAC (L-ascorbic acid equivalent antioxidant capacity)
2 Yepliith ABTS #tHZ 224 €442 Hwang et al.
(2013)9] WHS $839 7mM ABTSS 245mM
potassium persulfateE &raxo A 12-16A17F F<F WX] 3}
ABTS radical ¥o]2S FAAIZ] 5, 734 nmol|A] T4 =
el 1.0- 1. 1o] H=% 3]4513it}. 343 ABTS- &< 1
mLol 55 50 uLs YL 3087 ALl A w5kt
olF F=e| HaAE S48t AEACE UERHUTH

L

Al =4

A7 2] BAEA 2 E]= SPSS (Statistical package for
the social science, Ver 12.0, SPSS Inc., Chicago, IL, USA)
programe ©|-&3te] HH FFUAE &SI, BE

4 A 33 W SAste] Uehlth 2ok 2 A
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2] Duncan’s multiple range testE ©|-83l] {25
5% FAA fFrelde Attt

o= mTo

At o

Ggol dad +F 9 HUHE AR5 g T &
10| =(TF) & DPPH 2 ABTS 2
Uz 27 84 24 A3+ Table 20 YeRHATH 2& &
F AAANME B=tdA. oryzae) B W= (A, luchuensisyS
7t Z7tEE e HEste] Ax3 HEES ETF(CON)
o} B3t} TPE 4.14-9.34 mg GAE/g HeI o W
= 1% (D)7} 9.34 mg GAE/g2 2 7F¢ =41 YehgL
CON (4.14 mg GAE/g)ell vlall oF 238] Fej2e=z St
3 AL Felsnt. TF= TPSF A Adko)lon, g
= 0.5% (A) 2.28 mg CE/g, &= 1% (B) 3.75 mg
CE/g, W= 0.5% (C) 3.96 mg CElg, W=7 1% (D)
5.01 mg CE/ge2 D7} 7P =ttt Kayath et al. (2020)
94 AgoA A7F F2E BFsE S TE 1697HA

T Zdls el Eokata ded, HE Foll Atk
—t— nEo] AlxY B gAE Y5t e 3E)
Fe TV EN s T FUHEHE AR |
I E AT o]de] AR Hol A7 FEo AFe wa
T4FE WAFo® ATAEAL, HIt g
¥ E Fal AA st} eksich

wzro]l 7kt 0.5, 1%= A7FE C$ D] DPPH &t
Z a7 848 Zb7E 578, 734 mg AA eq/glZ UFERE
3L, ABTS gtz &4 &2 717} 8.87, 11.63 mg AA
eq/g® UFESTE DPPH 2tz &7 &X4olA= D (7.34
mg AA eg/g)’t S0 g 714 =9on, CON (3.60
mg AA eqg/g)ell BIsl <F 2wl F7hetSith ABTS =tz
27 E4L8 CON°l 7.08 mg AA eq/gS 2 e, vt
=l o5l &Aool Hol 1.e¥] STkt Wawd e
APEAE T2 A, BE, Int 58 Beleted 2ole
ot Watol o3k HA 2= lignocellulose 7] oll4]
2 EH 0] Ao BE FEE T4 EalstdaA] #et &4
7F A ol FEHE e, 48 A7 ¥ ilst B4

ot
2

2
rlo
O
.
o
i

5 A2l o3 W] 7ede 3 sl 25 115

Zo AHZ 2 93-S vt Taniguchi et al., 2005). ©]
g ARER, A7 ER FAHQ] HFe WetolH,

37 %—%%94 FELHAF(WSDE A3 Aie
IFFZEHW)O| 16.50%E 7H

=

weton, TXW o7 23 %g(AL) 30.11%, &2 A7
(EZ) 4031%, &8 2 &4 53} A2|(ALEZ) 42.22%=
Yebgth zF A5 HWell B8] 1.8-2.681 =4 et
Wt} PectinaseE ©]-8-3te] @4 A g Ao WSl X
Y 271(100 MPa, 50°C, 2A17hell A= F-A g 7o Hla)

4.4v) F7Fstdom, A4 F71(50°C, 100 rpm, 241 7H)ollA]

= 3.58) S7Fsk Tl BT (Nam et al., 2018). 4
dolle oF 3% kel S AR 60% o de] AR
= Fehal slo et 84 AR Ee FE 8ol W
3L oE A= e 7}%1 Aol v, ol @ EAH S
aidstr] gl 2EE HET A7 tFe A H o
o} #5285 0e #H 2 glycoside 7 B4,

EE_

cellulose == xylan &3l &40} 72 oefst 439 &
2E A, ol AlxHe st oA EstE &
44 A3 B4 9&S FH(Yokoyama et al., 2002). &=
S, polygalacturonase®} 732> &4 21E AlXZH 9] pectic-
acidE #-3lslH, B-glucosidase”} ©-r3HE #7|E x5}
= glycoside, alkyl H+= aryl B-D-glucosidase2] glycoside
Ao 7t E Siste AS®E delAd Ath(Yan et
al., 1998). o] &3k @-ﬂ-i /\T‘j;ql /H}\]-o]] 2353 vty o
a2 53 Ae HeAe e 285 S7MIYe
f[j1o g Aztdr

o
S

i Ly
-

o
o
rlor

d FEEY] F HTS) E LIRSS A% A
= Table 3% 7t} TSE HW7} 524%= VeSS, AL
19.03%, EZ 3291%, ALEZ 34.23% <o % UEgoh
ALEZ= HWol| Bl freldo=® 65u) o A velstch
g A A2 AE A Yol 7|F 2715 ST

WA ligning FAA7| L &3] &4} celluloset} hemi-

e

Table 2. Antioxidant activity of ginger extracts by selection of fermentation strain type and concentration

CON" A B C D
TP (mg GAE/g)? 4.14£0,01 7.630.15 8.24+0.09 8.55£0.23" 9.34+0.22°
TF (mg CE/g) 1.43+0.06° 2.28+0.06 3.75+0.09 3.96+0.10" 5.01+0.15°
DPPH (mg AA eq/g) 3.60+0.07¢ ND ND 5.78+0.11° 7.34+0.20"
ABTS (mg AA eq/g) 7.08+0.17¢ ND ND 8.87+0.30° 11.63£0.27"

DCON, control; A, added 4. oryzae 0.5%; B, added 4. oryzae 1%; C, added A. luchuensis 0.5%; D, added A. luchuensis 1%.
ITP, total polyphenol; TF, total flavonoids; DPPH, dpph radical scavenging activity; ABTS, abts radical scavenging activity.

dAll values are Mean+SD (n=3); ND, no data.

YMeans with different letters within the same row are significantly different from each other at p<0.05 by Duncan’s multiple range test.
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Table 3. Water solubilization and functional components of ginger extracts by fermentation and enzyme treatment

HW" EZ AL ALEZ
WSI (%) 16.50+0.09"9 40.31+0.10° 30.110.14¢ 42.2240.12°
TS (%) 5.24+0.03¢ 32.91+0.07° 19.03+0.71¢ 34.23+0.44°
RS (%) 2.600.03° 15.86+0.21° 2.91+0.08° 9.66+0.22"
6-G (%) 0.98+0.04° 1.10+0.01° 0.69:0.02° 0.75+0.01¢
8-G (%) 0.080.00° 0.12+0.00° 0.030.00° 0.04+0.00°
10-G (%) 0.10+0.00° 0.2120.00° 0.020.00° 0.04+0.00°
6-S (%) 0.05+0.00° 0.07+0.00" 0.04+0.00° 0.05+0.00°
8-S (%) 0.010.00° 0.01£0.00° 0.000.00" 0.00+0.00°
10-S (%) 0.02+0.00° 0.03+0.00° 0.010.00°¢ 0.02+0.00°
Total (%) 1.23+0.04° 1.56:0.02° 0.79:£0.02¢ 0.91+0.01°

YAbbreviations are the same as in Table 1.

WS, water solubility index; TS, total sugar; RS, reducing sugar; 6-G, 6-gingerol; 8-G, 8-gingerol; 10-G, 10-gingerol; 6-S, 6-shogaol; 8-S, 8-shogaol; 10-

S, 10-shogaol; Total, sum of the 6, 8, 10 gingerol and 6, 8, 10 shogaol.
SAll values are Mean£SD (n=3).

“Means with different letters within the same row are significantly different from each other at p<0.05 by Duncan’s multiple range test.

cellulose®l] FFo| &0l el & TrECiy d#HA U
1=} R

S go] Z71st Ao = AZE T RSE HW 2.60%, AL
291%, ALEZ 9.66%, EZ 15.86% <O & foZ o8 =/
e Tth EZ2] 3¢ HWell Blsl] 6.1u), ALl H]&l] 5.5080
=UTE Lee et al. (1996) B¢ &£Hl9] wart A==
St AT o] wolH Tl RSt Al
Ezy¥th ALS] 39 & 3to] o @goen o= A
AAT Aol A Aot davt W EE 5t
AR Fgo] =& A7fo] BaEHA nAES] Yo

Aggromm BAY Fao] Fasivha AZHr

f o

N

Gingerol & shogaol

Gingerol ¥ shogaol 57§ Z3}+= Table 33 2t} 6-G=
AL 0.69%, ALEZ 0.75%, HW 0.98%, EZ 1.10% <2
2 UEsten, EZ7F el o g 7P =4 JEHTh &
3 8-G 10-G 6-S, 8-S, 10-8¢] THF= EZ7} ESkTh
Gingerol3} shogaol & 91 Total &#e] A= FAFSH
Aoz yepgth wart [a3E AL ALEZS] 7%
MeE HWSFET 247F 64.2%, 73.9% H1&=2 WA UE)

STh Nam et al. (2018)2 A7 £4S IYH] P& o
A FAE o] 6-G 0.49%, 8-G 0.03%, 10-G 0.00%, 6-
S 0.01%, 8-S 0.00%, 10-S 0.02%, Total 0.56%= X 3.3}
Rom, 1 e B Ao iz 9 ARy UAY
722 S JeRiTh olgf e ARghe] Afole Al5L] A
2 el ot Aoz AztEY i E T TS
X2 = e wWolgkal AFR ¥ Vergara-Salinas et
al. (2015)%] 2= #7719 d-5E Ao o8t A

il

128 7hg S7HeHS ER18H% AL, ALEZ (5.83 mg GAE/g)
7F 7V E=A et TFE HW 1.30 mg CE/ge 2 U
Eb5k oW, EZ 143, AL 1.56, ALEZ 1.74 mg CE/g &%

Table 4. Antioxidant activity of ginger extracts by fermentation and enzyme treatment

YHW EZ AL ALEZ
ITP (mg GAE/g) 4.79+£0.04D 4.90+0.07¢ 5.31+0.10° 5.83+0.05°
TF (mg CE/g) 1.30+0.10° 1.43£0.03% 1.560.03° 1.74+0.04*
DPPH (mg AA eq/g) 2.33+0.02°¢ 2.45+0.03° 2.47£0.06° 3.01+£0.04*
ABTS (mg AA eq/g) 0.93+0.02°¢ 1.00£0.01° 1.01+0.02° 1.15+£0.01*

Y Abbreviations are the same as in Table 1.

ITP, total polyphenol; TF, total flavonoids; DPPH, dpph radical scavenging activity; ABTS, abts radical scavenging activity.

dAll values are Mean£SD (n=3).

“Means with different letters within the same row are significantly different from each other at p<0.05 by Duncan’s multiple range test.
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2 ALEZ7} A vebth 2]al HWell Blsl 2+ X2+
E2 1.1-1.38] S718F% T Kang et al. (2011)2 A&
Guff HE FEE Aol oot PR drf= a9
TP §aFo] oF 1.3-1.58) ZS7hettal Hasle] B A9

HE A FAA T daA A HEE 5ol #al

[‘

o} 7% AR g Sxlo] A #e 7|FY BIE
B & AN AR FEES T EYHE E T F
Ryol= dgke] Z7tox o] st wrgFFe EEC] o
S m X Ao g2 Az tHKwon et al., 2004).

St 2ty
DPPH 2}z &7 48 2.33-3.01 mg AA eq/ge] ®
$1Z Ve, ALEZ (3.01 mg AA eq/g)= HW (2.33
mg AA eq/g)el I3 F 134 7HF 7 =2 248 U
E} CH(Table 4). ¥ % WG5S L casei KCTC 2180
TFE DaA xR 48] FAsF o] F7skA
S ™ (Bae et al, 2019), °|& 3 A= vjAES] 7H5E3)
2802 23] DPPH gtz &A &40 &2 tAKHE
< AAstL FE5ted 9FES PRl AoR AztETH
ABTS &tz &7 g4 HW 0.93, EZ 1.00, AL 1.01,
ALEZ 1.15 mg AA eq/g® A= YEFROH, HWE T
ALEZ7} <F 128 718 =94t} Seo (2017)9] wH& &AAY
7 Aol elslA Z} (L. mesenteroides, S. thermophilus,
L. brevis, L. acidphilus)?+®] rox= e A dgtont
)zl ¥a) DPPHE 1.38], ABTSE 1.54) 715 =718}
Nkl BrEkeich ol A= ALEZOlA WE ot E’\
,] /\]Lﬂx] Z80] gojut A7} U9 Hz=A 3gEe] &
aRHo R FAIZ AR A7, ALEZ= 3 J
E;GJ,} 4L gHdee ZUAE £ I=
o=z FE Lee 520200 AT &
223} 6-shogaol] o] Frtsle AL
AN Bustd =], 7 AFEHes tha
AT I olfrEE UaAT B 840 g oR
gk o] acld st Zi&i /\}EE 15 B o
2014y A7re] =
3o AEAES B

ox I
o
& i‘po
05

3.:
" T o
re
4
ox

m?&olrlrzizﬁi?lﬂﬂ

o= phenol 3}

H rlo
Q‘L
3¢/
o
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) Lol A #5E *dxé 0}71 Skl %‘w’%&ﬂr
WstS o] 88, 7F HUMEE FESte] CON3Z H]
w3tk TPe TF =4 A3}, D7} CONel| Hl&)| z+zt
238, 3541 =A Uebbth A7) gl A9t 2w o

B Aol o3 A% 1 B s 55 117

o= WS ARSI W] ArtES 2435
gk DPPH®} ABTS 2tz &7 &4 54 24+

734, 11.63 mg AA eq/ggi CHRt} f9o4
= Ueh W59 H7FEES 1%E S 2A s
AARE F39 A7 e :zl—_Q_o].oq A zd A} 2B
(HW, EZ, AL, ALEZ)?] 71545 wWsl= dlsor)
WSIg} TS ALEZe] HWO Hl&] Zro]l Z7}sle 7

S 2oy, RSAIAME HW 2.60%, AL 2.91%, ALEZ
9.66%, EZ 15.86% o2 =%ko™ EZ7} ALEZW.U}
olF o7 =7 Yehgth 6-GE= AL 0.69%, ALEZ 0.75%,
HW 0.98%, EZ 1.10% w22 Zolxon o] ¢ 8G 10-
G, 6-S, 8-S, 10-S¢] ¢z L3 Ez7} foFow =4
Elutth. TPS} TF= EZOl W8] ALEZZF 1.28) A= 71
=9to . DPPHSF ABTSS] 79~ ALl Hl&f 1.1-1.2¢] &

_li"_O,—lN
L

Hl

T 7P =2 @48 JERTh o] A= & o, A
7ol 2 AEQ gingerol ¥ shogaold EFZHOoE &%
st WHS EZE YERG oW &3 9 ksl 244 =
Ao ALEZZF ©el @9l Bz} ALET BEQL 8
Ik = ATk Ao Iy Y 34 B HE §
3 2lFaAle] 75 S A 7Hls e 71
ATAE F AR R UL &8E F USs AL

= Azt
HAlel 2

B ATE FHEEHT w9HE AR
(erﬂﬂb; PJ01511503)°] ©]aff o]Folxl Ao ZAL=
Huth
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