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Abstract The quality characteristics of fermented rice makgeolli added with Crepidiastrum sonchifolium
(CS) prepared with various processing methods were investigated. Rice makgeolli was manufactured
by adding CS, prepared with various processing methods, at 2.5% of starch raw material rice. The
treatments include CS [fresh (CS), hot water extract (CSE), hot air dried powder (CSP), and sugar
leaching (CSS)]. The pH value ranged from 4.10 to 4.20 initially to 3.77 to 3.85 after adding water.
The total acidity was 0.54-0.58%. The chromaticity of makgeolli showed the highest brightness in
CSS, and the redness a value and yellowness b value were low. The alcohol content was 13.5-
16.3%, the highest in CSS. The total polyphenol content was 331.34-377.02 pg/mL. The DPPH
radical scavenging amount was 44.14-56.43%, showing the highest antioxidant activity of CSP,
followed by CSS, which showed a similar trend to the total phenol compounds content. The organic
acid content was 4,304.90-6,159.90 pg/mL. It was produced at the highest level during fermentation
in makgeolli when adding CSS, and the soluble solids and organic acid contents were the highest
in CSS, so it was thought that the overall preference would be high due to the harmony of the sugar-
acid ratio. These results show that makgeolli with CSS addition has high antioxidant properties. It
suggests that CSS appplied in makgeolli can be developed commercially due to its properties.
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(tyrosol), trans-ferulic acid, cis-ferulic acid ¥ 1H-indole-3-ethanol(tryptophol) 5-°] £&] o] Bl
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83 F744 WAL Ao SAl AR TS o]
AESE BT Uk

dz, 27| #4eBae 5, 2016), ¢ FEZ|(Kim 5,
2015), A2 2HAe(Lee 5, 2013), A& 228 (Kimz}
Eun, 2012), 7|9} 22 2|(Kim 5, 2013), 25 =22 (Yang
I} Eun, 2011), 93 224 (Cho 5, 2016), Thx |7} utz ]
(Kim <5, 2013)¢} 71 9o, B3 227, &3 292, St
= 9ad, i 29, Fxr obde, 28 ohde, BEe o
2] 5ol ZF A9 & A2 /L= wujEal =],
o710] 2¥Rje] 7|54 oo 0 Aeige] Az £Y 54
isjol ofet A1 9l 977} B9 Badol e ik

2 7t 2039 23 AL A Azt 2
#2 Ay SRAA 0] SNBS ed HERS AU 4
Fahe BN, 23 Aol HF AuEA 19j0]EA
N54e] AR e AE Aqel TS Agske] AH)
2 A7 A Fo] 22 HeHA B4 7% ARE Bushud
Sheic.

S| [Crepidiastrum sonchifolium(Maxim.) Pak & Kawano]
(KNA, 2015)= 2FEE I3t &t 1294 224E
E, Wl gl 255 7L Qlo] uEoltalk 5, ofd
oy BEE Hd & Fgol FAAY 2o A HAE
@71 H71% Sk AsHrlE siE, A9, 29, A%, |
Y, 719, e, 7] 59 A2A2 A0tKim 5, 2010)

F2o= 4 A FEE RFEAWKIm 5, 1998), 14|
d353 #Este] AAWAE A zA AT dieo
Uehths A &4 A QA7 = a37F HAE 91O H(Lee,
2005; Lim 5, 1997), 1587 Ao|7} AlQStetA R REgt
=e % 959 34 1 42 AR e, 7 27
ML BF R AV} T AFS derchn Hasgs
(Bae 5, 1997).

Young 5{(1992)2 1-EH7]9] E2tE10|E FollA] cynaroside
N ETALAE 55 24 AU YIS Hasgom,
Kim 519982 159717} 579] 4798, 990 9 495
Zof wlX|E o] et AT, Lee 5(1992)2 TS| o}
J4, Kim¥} Lee(2008)0] =W A4 =5 22t 1-EH]
7] 27e] F4 54 Wk, Shin(1993)& TEM1] ofEHE 3
EE2 0|89l A=A 9 FF¥E Ak 5 YRS &
HolM e S5t AR weto] Hu go] Zpar, A7) wfiZof
oAeiel 42 AR ARGE v ARSE Aol

ojo] & dt= uEH|7]9 Aot utd}t H2uks Eol1l 1L
7] 579 BAERE g ol 2okEA o %A Ef2
Fit gs Ad 71340l St 1 EHY] A E FEdstol
FESete BA0lA, & HHEEE g2 ¥ 494, A& 9=
0] 2.5%C] BEH= L] A FARCS), B+ F=
E(CSE), 3 AXEH(CSP), FHE(CSS)Y| 7H W=

=
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Aulst B35 15W7][Crepidiastrum sonchifolium(Maxim.) Pak
& Kawano]& 115H|7| G52 UoA FAdste] 719 <,
s 2ot AAFol stF Hdxsto] £715 6] AA
Skelth IEH)7]E 5-6 cm o] At F A I = 1
A7](Hanil Co., Deajeon, Korea)o| Al £4j5}91 0o, 4
EE(121°C, 2AZHE 57| YeRAdHANA Tk
AL, FFAF(60°C, 24A17F) T =4 7] (Hanil Co.)ol A &3}
o A, AR 11 HlEE Egste] A-200A 609 o4 ot
gofA IR S4AIA 5] GRAS A Z5to] ARSIt
Table 13} Zo] MAARE A\Zo|H BofsT gt T
Wt (Aspergillus kawachiiy& W{GAA AR A= AE
(Ricenuruk, Suwon, Korea)& F45to] AREsIHY, A= 4
2852 LALBIN Wine Yeast(EC1118, LALLEMAND Inc.,
Montreal, Canada)E AR&-5}%ch
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NEHRE A2 & 25°C o|stR AlFTh 20 LE°] PETHO
Table 19} go] RE EFoto] A F 25+2°C A4 6
U7t Fig. 13} Zo] IFstion, 7] 12Uk AES0] I
A Ead & JEE S ¥R 3Y olFol= F71H
[ 37} o] FOAEE QAR YEot, oojzhg =etgint.
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Table 1. Ingredient mixing ratio of rice makgeolli with additon of Crepidiastrum sonchifolium (Maxim.) Pak & Kawano by various

processing methods

Sample cs” CSE? CcspP? css?
Hard-steamed rice, godubab (g) 3,000 3,000 3,000 3,000
Nuruk (g) 1,000 1,000 1,000 1,000
CS by processing method 100 30 9 100
Yeast (g) 3 3 3 3
Water (mL) 4,000 4,000 4,000 4,000
Total 8,103 8,033 8,012 8,103
UCS, Crepidiastrum sonchifolium (Maxim.) Pak & Kawano.
ICSE, extract of Crepidiastrum sonchifolium (Maxim.) Pak & Kawano.
JCSP, dry powder of Crepidiastrum sonchifolium (Maxim.) Pak & Kawano.
9SS, syrup of Crepidiastrum sonchifolium (Maxim.) Pak & Kawano.

25 p/-/ X-IX'IA,‘E g et = é‘l

Soaking rice (3.0 kg) for 3 h and draining for 30 min

i
Steaming for 20 min at 121°C and cooling to 25°C

|

Mixing cooked rice nuruk (900 g), yeast 3 g, 2.5% added as
a living thing of Crepidiastrum sonchifolium (Maxim.) Pak
& Kawano and bottle water 4 L

i

| Fermentation at 25°C for 6 days |
!

| Speraratation and filteration of the supernatant |

!

After measuring the alcohol, add water to adjust the
alcohol content to 8%

Fig. 1. Procedure for the preparation of fermented rice makgeolli
with addition of Crepidiastrum sonchifolium (Maxim.) Pak &
Kawano by various processing methods.

pH, B, AZAE, §714 52 =439

24 272 Y )N 52 5EF Y
g da ] gﬁ. 27] 9L FHL AE oA A7
100 mLE F3to] S7e o2 FHAE o83t A5

], Gay Luccac Table— o|-g-8to] 20°CE RAsto] &4 A3t
AYI(KNTSLAR 2023), 7F-84 T HE(°Brix)2 o] 73t

=
A 7E YAEE]7](Supra R17, Hanil, Kimpo, Korea)Z -2
St & ASH 0.7 mLE digital refractometer(PAL-31, ATAGO

Co., Tokyo, Japan)E AR&-sto] Z745131cth
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pHE= pH meter(PB-30, Satorius, Co., Geottingen, Germany)
£ ARSI oH, AHAE = ARG 7] ZAH(KNTSLAR 2023)
o= urde] AR #E dSAES 20 mLE FsHq 1%
phenolphtalein ZAJA|2FS 2-3812 Hol=d o2 0.1 N-NaOH
2 235} A5l pH 82714 AASt mL4=E lactic acid(%)=

gHakstol a2 Ao o) AAkstec.

AHAE (%) = [0.1 N NaOH A% mL3 x 0.009 x 3]Auf
) / AZEHF mL]*x100

GFE T %= 2T F 4°ColA 3097 A & ot
2 Y Y FF =L GC/MSD(Model: Agillent
8697 headspace sampler, 8890 GC system, 5977B GC/MSD),
column(HP-INNOWAX 60 mx0.25 mm LD., df=0.5)2 &7
SFATE GC 4 R7L injection temp. 250°C, carrier gas
He, constant column flow rate 1 mL/min, column temp. 40°CO]|
A 5 min 5%, 1 ming 30°C/min¥] 240°C7}A] & A] 240°CO]|
/ﬂ 5 min7t & E4 AJZF 15.5 min©]%} 2.1, injection volume

2 1.0 uL MSD ZZAL ion source temp. 230°C, interface
temp. 240°C, ionization method= FID, measurement mode+
SIMZ EA4519t. ogk2 100% ¢ ¥4
Inc., New Haven, Connecticut, USA)?} HEHS
(Accustandard, Inc.)2 GC/MSEL& AM&35}3th

(Accustandard,

FZER

2.6. 3= 2% 2%

& =L Folin-Denis?] H'H(Mereno, 2000)°f wh=}
24519}, A& 200 pLoj Folin-Denis reagent 200 uLE 7}
oFo] 6871 HFA] & 7% Nay,CO; €9 200 pLE 715l 14
7t 30& ¥13-A]7] & Microplate reader(MRX A2000, KLAB,

S
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Co., Deajeon, Korea)S ©0]&3f] 760 nmo|A SJ=& =45}
Aot FEEAL gallic acid(Sigma, Co., St. Louis, Missouri,
USA)E ARESHolon, #EE49] HgAT vluste] b2
Fatsick

2.7 ME X

A= Color reader(CR-20, Konica Minolta, Co., Ltd.,
Tokyo, Japan)& H=(L), A% (a), FHE(b) 3 Z7goto]
Hunter’s color value2 UeRJ9lom, oju tjzxt= wimh
(L=97.7, a=0.1, b=3.8)% AF&3}FAC}.

2.8 /A 24

F71AF2 whde] ehg ol ARSS 0.45 pm membrane filter
2 oIst & FFEA Sep-pak Cjg cartridgeo] A7 1,
high performance liquid chromatograph(Agilent 1260, Agilent
Co., Santa Clara, CA, USA)Z Table 29} Zo] E-4519it}. o]
o] 248 columne Supelcogel C-610H(300 mmx7.8 mm, 9
um)2} Osaka Cig(150 mmx2.1 mm, 2.7 pm)S JA35}o] A
3191 01, detector= UV detectorS 0]-235}0] 210 nmoj|A] 3
Zo19}. o542 0.1% H3PO, £ (pH 2.5) AR8-5t9 o
flow ratex= 0.5 mL/mino|{t}. A= 9] 13] FUZFE 20 pLo|
lom, 9714t EEEL2 glucuronic acid, tartaric acid, malic
acid, lactic acid, citric acid, acetic acid, fumaric acid(Sigma
Chemical Co., St. Louis, MO, USA)E ARt

2.9. 0¥z Zc/-5&

2 @70 A4 450 TS BUES BeYoR
JE £5EEE A5 ZF Al 1 mLE 9 mL9] 0.85% NaCloj
det & dAEE 51481tk MRS(Difco Co, Detroit, MI,

Table 2. HPLC condition for organic acid analysis of fermented
rice makgeolli with addition of Crepidiastrum sonchifolium
(Maxim.) Pak & Kawano by various processing methods

Specification Conditions

HPLC Agilent 1260 Infinity II

Column Supelcogel C-610H (300 mm*7.8 mm, 9 pm)
Osaka Cjg (150 mmx2.1 mm, 2.7 pm)

Mobile phase 0.1 M Phosphoric acid (H3POs)

Analysis time 45 min

Flow rate 0.5 mL/min

Column temperature 30°C

Injection volume 20 uL

Detector UV 210 nm

830

USA), YM(Difco) & GYE(Difco) H| o] A& FEAES 10°
2l 108 514 & spreading Stof FHHA|o] 100 WLE =
Sto] 37°Col A 48A1t wlifatiaL, Al Aol F44€ e
FEIoH EA40 wet &Restt. °]5 F Lactobacilli
MRS(Difco)o Al H2He AL, £ F= 10% skim
milk(Difco)E &3 & -80°C 2A]2¥%5 1 (ilShinbiobase Co.,
Yangju, Korea)of] H#tsto] & Ao ARESHIT 25 AE +
o] BASEE 54 @ A% A4S 9190 165 rRNA $47
AL EASET. S S LA Deajeon,
Korea)ol| £4 9Flston, AQE JTES 9l universal
primer?] 27F(5’-AGAGTTTGATCMTGGCTCAG-3")2} 1492R
(5>-TACGGYTACCTTGTTACGACTT-3") primers AME5IH
O, National Center for Biotechnology Information(NCBI)
olH AL RAETH £ B2 #FEC 163 RNA R4
A2g A%

=22 ©

2.10. DPPH %' ABTS radical 2745 =&

DPPH(2,2"-Diphenyl-1-picrylhydrazyl)= d-2 AFAS 1}
BhiE T AL A 349 s ged gg Ak o
HAStE o] eHYstE FEiE SRt Avdy] dads o
AEERt 45 HE 0.2 mM DPPH -89 200 pLe} 58 3]4J%t
22 HE SN 50 uLE 7kt T 3087 A rAolA B
] & Microplate reader(MRX A2000, KLAB, Co.)S ©]|-&3
517 nmol|Al S FEE 5745 tHKim 5, 2012). H|I A
HFZEEZ-L ascorbic acid(Sigma Chemical Co.)E S=E=E A
ol0] 84 BEFE ER4S A8aiT, BHL uT9)
W2 EEEY U 24 279 FHES ol ofzhe} 2ol
o0z bt

DPPH o)z &7 A4 (%) =
[1 - AEF1Y 4% / 24 219 &4%)] x 100

ABTS[2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)] 22 A4 4L 7 mM ABTS €7} 280 mM
K80 &N FFLE 4l0f oA 2-3A7F HAAIA 2ty
22 QYA T o|F B4 oSt oF 188 HRE Aol
734 nmoj| Al 29 SF= Fhol 0.80+0.027} HEE ofe-E
2 230 Agstenh su s ghdel R 45 20
uLe} ABTS €9 180 pLE Z3tslo] ALoA 627 53] &
Microplate reader(MRX A2000, KLAB, Co.)& ©o|-&3f 734
nmo A FFEE SHSIAHKim T, 2012). Bl O £
E4-2 ascorbic acid(Sigma, Co.)& FLHE A|Xslo] 24
YETE SRS ST, BHS AU I B2
29 24 gaTe] FYEE Fotof ofdiet gol HER()
2 Yerfi i
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ABTS 2hld 47 BH%) -
[ - (AB7 T/ 34 a7 FHE)] x 100

2.11. 84 &4

AY Aik= 33] ol HhEsto AAE =EsileH, A3t
W FHHEEEHAR UErgor, SAEAS Microsoft
(MS office 2021 Excel, Redmend, WA, USA)%} SPSS for
Window(ver. 12.0, SPSS. Co., Inc., Armonk, NY, USA)E A}
S3lgich. QUK EAHEAANOVA)OR BaFit BEAA
g Bk A

5 A0 2= Duncan’s multiple range test
(p<0.05)5 HAISHAH.

-

3. Za ¢ ns

31. 238 Y 8Y AFE

o
ot
M
rlo
=
S
o

(98]
=2
T
k)
3L
L
i)
)
i)
a
©
@]
w2
m
Q
w2
v
)
Q
w2
9]

By & o] 43 S AT Aoe 47 8.24%,
8.38%, 8.07% 2 8.48%F CSSAA 0.48%9] 7} =& &3
= o HIE BEylon, ol g9 ARl ojdFrt ¢2
= Y80 #oiste] o2 AIF o] Bls) G- ] Wt
H £2 Zos waEglon, & AP wEgoA=
0.5% ©oJstE Ao WP} gli= ZA0E wWeEirh

7184 1PEL CS, CSE, CSP 2 CSSollA 2+ 14.50
°Brix, 14.50 °Brix, 14.10 °Brix % 15.70 °Brix& CSS7} 714

7 UERgom, 4ColAl 3092t A Tl 247 9.3
°Brix, 9.50 °Brix, 8.50 °Brix ¥ 11.03 °BrixZ z7| 7184
DR FTE FHL 8.00%E ZYHHA 0= Ho|2
CsSolA] 714 52 7heH TREE Uehglon], 1] §
Aol 98 P §714 Fego] L 520 7h8H 1P
2 el Aoz BeE

32 pH, HEME U WEIS EE

TR 4940 7k R 1SE] A, Eg FEE,
Az B4 9 AN 747t Ayt Efelo] 297 o
AR Berde o] 432 3T 8%t A 7t 3 pH, A4
A, WghE g 9 EduE S ST 2= Table 4
=3

pHE 27] 4.10-420004 L3 TF 8.0%2 2T &
CS, CSE, CSP @ CSSollA 27} 3.85%, 3.81%, 3.77% 2
3.84%% T Hopglon|, HPAL Aito g gHilsto] A4t
S o CS, CSE € CSP Al 7FA] AJ@ o A= 0.54%2 A9
H|$:3 220191, CSSTE 0.58%E &%

< AuddEn 157 AEAE 7o EA ol
Hart AYEE=A el A HeE e GOMSE o€
Sto] glstGl=dl, vl 7HA] Al B 24 EA] gotA Al
ARl 7S A7 e AN Y] 71E 9 4ol Aet
SHAl AxE 4 U2 DUkl

%Z 29 3T Table 42] CS, CSE, CSP @ CSSoJA]
Z¥7F 331.35 pg/mL, 354.50 pg/mL, 377.02 pg/mL ¥ 367.76
ngmL2 NS7] FEZ A H7IE ]l CSP AlET
AM FoH oz 7V =A e en, 1 gl s 1EH7)
FHNE 715 CSSoIA A Ve on, 1S 7] YA
7t CS&} &2 CSEZ} 7P e o3s UEhilth

_,d
n)
i)

)
<
KD
3

3.3 ME

7k e sy 47t Ao Aol M Pk Lk

Table 3. Alcohol content and soluble solids of fermented rice makgeolli with addition of Crepidiastrum sonchifolium (Maxim.) Pak

& Kawano by various processing methods

Samplel) Alcohol (%) After storage at 4°C for Soluble solids (°Brix) After storage at 4°C for
30 days alcohol (%) 30 days soluble solids (%)

cs 14.50£0.017 8.24+0.02° 14.500.10° 9.80+0.10°

CSE 14.50+0.01° 8.38+0.02° 14.50+0.01° 9.50+0.01°

CSp 13.50+0.01° 8.07+0.01¢ 14.10+£0.01° 8.50+0.01¢

CSS 16.30+0.02% 8.48+0.01° 15.70+0.01* 11.00+0.10°

hcs, Crepidiastrum sonchifolium; CSE, extract of CS; CSP, dry powder of CS; CSS, syrup of CS.

YAll values are mean+SD (n=3).

Means with different superscript letters (*%) in the same column are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d).
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Table 4. Quality characteristics of fermented rice makgeolli with addition of Crepidiastrum sonchifolium (Maxim.) Pak & Kawano by

various processing methods

Sample” pH Total acidity (%) MeOH (pug/mL) Total polyphenol compound
(pg/mL)

CS 3.85+0.017% 0.54+0.01° ND* 354.50+0.00°

CSE 3.81+0.01° 0.54+0.00° ND 331.35+0.30¢

CSP 3.7740.01° 0.54+0.01° ND 377.02:0.00°

CSS 3.84+0.01° 0.58+0.01° ND 367.76+0.00°

YCS, Crepidiastrum sonchifolium; CSE Extract of CS; CSP, dry powder of CS; CSS, syrup of CS.

YAll values are meantSD (n=3).

Means with different superscript letters (*9) in the same column are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d).

“Not detected.

AT agh 9 FME bZ2 Table 50 Yepich 11547 7}
Z v Hrlst ubAde]o] W LZR CS, CSE, CSP ¥ CSS
|4 54.10, 57.00, 48.50 L 58.900.2 TEH|7| PN A
7S 8 oE MY 2 o= BEAE YERAL, 1
7] 292 7S 7P B2 #oE o Tt AA
T agf B ST agl 1EH] AEA S BEe 54
g, CSE 0.503F2 CSEX -0.30, CSPE 0.20, CSS9] agt
£ 06008 ZATE "ot ST bFES CS, CSE, CSP
2 CSSE 10.90, 7.20, 10.00 € 6.50 ZHz Yepion, CS
¢} CSPE =2 3T & LeRYth CSEQ} CSP= Hibt § &=
2 HAAEE Yeyon, g7]= o of F24S ey 2t
H7Z9] 713 % ZHOA HAHAQ] JFE v ZAoE AR
At

dl

2,

3.4. 27/ gtEF

Vg e 15|12 Ak BE S AYE ekl
9] §714t S-S HPLCE A B3 Z3}+= Table 63} 2
t}. Glucuronic acid, tartaric acid, malic acid, lactic acid,

citric acid, acetic acid, succinic acid, & fumaric acidS ¥F
AR BT &, 7k e 17 E AUtel Akt At

279 {7142 BA5E AT}, glucuronic acid= CS2F CSSO|
A 1030 pg/mLe} 7.00 pg/mLgLoH, CSES} CSPoi 2.4
ER] 29It} Lee 5(2009)0] w29 tartaric acid= 7 39F O
< FoI3thal shlEHl CSoflA 24.90 pg/mL3i o™, CSS&=
1646 ygmLzz 7V A RHLI,

gzl Xﬂ}_ Z drgA| R =g 0|83, citric acid7} W
AHd "’Wr = Ak dzo] &3 pHE AHgo g A
54“4 oiﬁa “H-”f-‘jr SR E QHsHA st xR AlZE

= 9SA] ]“1, YL pEE FoIFA "ot 281 EE e
EE3s} gko] gl O}U]L:*]'A glgfo] Ltom OlZoA o= &
714k9] Algto] ZFsto] F5O0 2 AXFPZ wiel Z2 tefst
z8}2.9 )7} Q= Aoz oEA QrkSo 5, 1999; Park
=, 2011)

2 AFollAE A= FEY] FRAE ol-&ste] Tt vt
oot} &ute] 1) 7] E49] gt o R R3LE o|R= 72
a3 E49 Autdey AuisE AHdstaat shylt

9E F AGEE 1AL R citric acid7t 7FE ol A
At o] citric acid= 2HAE|7F FufjstA] 2l oHFE ATt
O|FoJA =g Zolps A0 R HISH Qtk(Lee 5, 2009).
I 202 o] MAEE §7]ARS lactic acid, acetic acid,

Table 5. Color of fermented rice makgeolli with addition of Crepidiastrum sonchifolium (Maxim.) Pak & Kawano by various processing

methods

Samplel) L (lightness) a (redness) b (yellowness)
CS 54.10£0.007 0.50+0.01° 10.90+0.05°
CSE 57.000.06° -0.30+0.01° 7.20+0.10°
CSP 48.50+0.60° 0.20+0.00° 10.00+0.10°
CSS 58.90:£0.40° -0.60+0.01¢ 6.50+0.01¢

VCS, Crepidiastrum sonchifolium; CSE Extract of CS; CSP, dry powder of CS; CSS, syrup of CS.

YAll values are mean+SD (n=3).

Means with different superscript letters (*%) in the same column are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d).
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Table 6. Organic acid contents of fermented rice makgeolli with addtion of Crepidiastrum sonchifolium (Maxim.) Pak & Kawano by

various processing methods

Organic acid (ug/mL) Samples”

CS CSE CSP CSS
Glucuronic acid 10.30+0.107 ND? ND 7.0020.10°
Tartaric acid 24.90+0.13¢ 6.20£0.10* 27.300.17° 164.60:£0.05"
Malic acid 266.00+1.50° 261.30+0.30° 257.30+0.45¢ 272.00+0.50°

Lactic acid 891.70+0.03¢

898.70+0.45°

869.900.10° 1,403.00+0.45"

Citric acid 1,913.10+0.03° 1,890.80+1.16° 1,781.50+1.50° 2,052.90:1.00°
Acetic acid 519.70+0.38" 478.40+0.72° 454.70+0.50" 1,263.30+0.40°
Succinic acid 653.80+0.47° 623.90+0.16° 594.70::0.60° 654.70+0.45"
Fumaric acid 337.80+0.47 332.10£0.06° 319.50+0.50¢ 342.40+0.05
Total 4,617.30 4,491.40 4,072.90 6,159.90

YCS, Crepidiastrum sonchifolium; CSE, extract of CS; CSP, dry powder of CS; CSS, syrup of CS.

PAll values are mean+SD (n=3).

Means with different superscript letters (*%) in the same row are significantly different at p<0.05 by Duncan’s multiple range test (a>b>c>d).

“Not detected.

succinic acid, furmaric acid, malic acid, tartaric acid %
glucuronic acid £°.2 AAEHE= AL & 4 AT
H2EE AA & 4T ot= 2= dEd frite s
L lactic acid, citric acid, succinic acid, tartaric acid S°| E 1T
o] 1 9™(Song 5, 1997), W22 9] 5714t & lactic acid2}
citric acid= 57 TR0 A3det pHE A5 84t o} 5
S0l Bat HEUE NS Rolsh d%e St o=
A2 A Qe 15k QIthLee 5, 2009). ESE, o]9] {7]4
1 B AT Lee 501D A% £5 2] 9714
A3t QA AtolM 2ugt Aol GARE Ak
LEH7] 7 R 7S o, CS, CSE 9 CSPojA]
= 859 {714 TFE 4,304.90-4,617.30 pg/mLE 2 A}0]
E UEA koy, 157 BAS 7R CSSolA
6,159.90 ug/mLE, E573] %2 F714t ohgo] s AL
|25t Aatg 718 1P E Tl w4 4
AL, olggt B4 Aiks At Hlof] JFE FolA 7|S=Tt

i

Ol

BN o

925 702 o|SETh Eat Lee £(2009)0] ool $7]
S BRS T FA4ROIR} B 19 AAGHE Hojshs 4

solAjet Telo] §71ke] EAshe Baele] Hhe WojxA
wu, BE AEORA0) U pH 420 tjo], §714ke
0.8% B= FAHT ke Buslget £ AFlE DS
7 748 up A7k Aeelo] 714K 043-0.62%z A
ARS Bolsis §714F BE AUE AoE ArEgth

3.5, 22| #F9 &&

TR 4940 7k HEE 1sE] A, 95 FEE, 2
4z 2T 2 g0 7} H7F 29dsto] 297t B TaA|
71 WatAele g7L §ek 8%7} 7 714 3 3 4°Co]A] 30
A A% & o] dgdof Sl ndES £ 54% 2,
MRS HjA|of| 1E5#]7] GBS 713 CSSOARE ool £
SJgl08, 1 A3 Table 731 ek, 2 A8 FH] Ayt
4 74 9 A% 342 9 165 RNA RH4 Q712
519 0H, AE FZS 95 universal primer?l 27F(5’-
AGAGTTTGATCMTGGCTCAG-3")2} 1492R(5’-TACGGYT
ACCTTGTTACGACTT-3") primerg AR2-51%1.°0™, National
Center for Biotechnology Information(NCBI)o|A] A €9l &

o

Table 7. Lactic acid bacteria isolated from fermented rice makgeolli with addtion of Crepidiastrum sonchifolium (Maxim.) Pak &

Kawano by various processing methods

Source Strain No. 16s rRNA ID Match Percent. (%)
css” FFICO0133 Lacticaseibacillus paracasei 99
FFIC0134 Lentilactobacillus hilgardii 99

NCSS, syrup of Crepidiastrum sonchifolium.
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A7) 8 B A5 16S IRNA 44 A S A2 2
3}, Lacticaseibacillus paracasei®} Lentilactobacillus hilgardii
7} B SGEA). L paracasei= AEYR TPER ERIE
Ao, L. hilgardiie= FHEZSTE 23 AL gtoto]
A 7FsT Ao® SRIFJATHESK, 2024).

3.6. DPPH radical £7/5

DPPH radical2 H| 1A A3} free radicalZ 3HAMSH E2
o o3 gH=lo] FAE B R AT 59T uf @ol o]§
=, v W= 7heste] 98] AREI Qle WRolt
(Kim 3, 2012). 25715 7 W EE A7t dagt &
2122]9] DPPH radical £75= 5743 Z¥}+= Fig. 20 Y&
Ak )2 EEEZEMN ascorbic acid®] &= 10, 25, 50, 100
9 200 ppmO| A= 22} 10.58%, 18.90%, 35.10%, 63.89% L
92.69%9] radical A75-& YEl{oH, 7l WY 1EuY)
£ A7IsE BubdE] & CSPOA] 56.43%2 71 &=L radical
£A5S Yepgon, 1 thges 18wy 3PS Wie
CSSO|A] 52.61%9] 1EH|7] =52 CSEYAE 45.30%,
TEH7] PAE S A2 44.14%9] radical £2A5S UEHY
th. ol FHlE IRME A ¥ fAbelH, 1570l
E FE e 711 AR AlREH, FHlE 39t
9 A oo 4 YAE TFT2E DPPH A9k
radical A7]50f 7]ojgt Ao WetET

3.7. ABTS radical £/
ABTSJ[2,2'-Azino-bis(3-ethylbenzothiazilin-6-sulfonic acid)

9269

DPPH radical scavenging activity (%)

Fig. 2. DPPH radical scavenging of fermented rice makgeolli
with addtion of Crepidiastrum sonchifolium (Maxim.) Pak &
Kawano by various processing methods. CS, Crepidiastrum
sonchifolium; CSE, extract of CS; CSP, dry powder of CS; CSS,
syrup of CS. Ascorbic acid concentrations as the control are
10-200 ppm. All values are mean+SD (n=3) and different
superscript letters (*°) on the bar indicate significant differences
(p<0.05) by Duncan’s multiple range test.
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diammonnium salt]?} potassium persulfate®] ¥-3-0f Ja] A
g%l ABTS free radicalo] 'Ha gt 2rde] o] @4kst Z4 9
8 AA= ] radical E9] HFAo] At HH o7 FNE=
AL olgstol BABIES 2ok WHlolth(Kim 5, 2012)
TEu71E 7hg e Wketol waE AekaEle] ABTS
radical 2452 Fig. 39 YetHAT. tix BEELEZH
ascorbic acid+ 10, 25, 50, 100 & 200 ppm2] LA 4A
L9 ZANG uf z+7F 435%, 7.53%, 18.71%, 45.60%
95.11%2] ABTS radical 2758 UYehfon, 15#7] 713
WEE A aE Aurdele) ABTS U2 27458
CSS 9 CSP7} 247t 64.61% 9 64.35%= CS Y CSE7} Z+2+
63.77% L 63.45%=2 H|3E £50]910H, 7V EAFOCR
L /2 Aolg epiich. ABTS 2hlE 4752 3ol
o] 523} vlat AL Uehial gorout, B 4%
25 gz 22EAQ ascorbic acid 150 pg/mL 52| 4K}
42 e sl

4. 29

TEHZ|(CS)Y TH HHE AE A8 gagh At
2]9] F4 EAS AR AR 98 &9 2.5%°] dido
+ ISH7] YA AAE(CS), @ FEE(CSE), 34X &
ZH(CSP), FHE(CSS)Y 7Hs WHEE CSE H7leto] Zutd
& A =519c} pHEES 27| 4.10-4.20004 714 3 & 3.77-
3852 AR Ta e e AgAHEE 0.54-0.58%
Qow 1EE7] A 71g HEE w29 M CSSOfA]

ab
Fig. 3. ABTS radical scavenging of fermented rice makgeolli
with addtion of Crepidiastrum sonchifolium (Maxim.) Pak &
Kawano by various processing methods. CS, Crepidiastrum
sonchifolium; CSE, extract of CS; CSP, dry powder of CS; CSS,
syrup of CS. Ascorbic acid concentrations as the control are
10-200 ppm. All values are meantSD (n=3) and different

superscript letters (*°) on the bar indicate significant differences
(p<0.05) by Duncan’s multiple range test.
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H7] L2 7P %A, AT agl 9 A= bk okt
AFL FFE 13.50-16.30%S UEFHT CSSE AR oh2
29 d3Z ol M B FHE FFS 331.34-
377.02 pg/mLSAth. DPPH C|Z &AL 44.14-56.43%2
CSPo] 4t} &/o] 7 e m, 11t CSS& FH=
T AR RS el 74 SRR 4,304.90-
6,159.90 pg/mLZ CSSE 715t whdeloA ¥a & 7MY =
A BRER o, 7 PR f714F ko] CSSolA] 7t
B = 2 Ueh Ak HY 23R V|5 E7 2 AR
AREQlon, o3t At CSSE /Rt et 2L §
714 AT At B 58 Zddhs EACE s A
oz e 4 e AN
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