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Abstract

This study was carried out to investigate the quality characteristics of vinegars containing jaceosidin and eupatilin
using Artemisia argyi H. ethanol extract (AEE). 10% malt extract (ME) and water extract of Artemisia argyi H.
(AWE) were also prepared for vinegar production. Three kinds of materials were mixed in the same amount to
prepare vinegar as follows; CO (ME, water, 18% edible ethanol), SE (ME, water, and AEE), SW (ME, AWE,
and 18% edible ethanol) and SM (ME, AWE, AEE). All samples were fermented by Acetobacter pasteurianus
A8 at 30°C for 25 days and analyzed at 10, 15, 20 and 25 days. The pH decreased significantly during the fermentation.
pH was lower in SE and SM than CO and SW. The acidity increased significantly during the fermentation, and
was highest in SM (4.44%) at 25 days of fermentation. The concentration of acetic acid was higher than other
organic acids for all vinegars. Jaceosidin and eupatilin were not detected in both CO and SW, but both were detected
in the SE and SM. At 25 days of fermentation, jaceosidin and eupatilin concentrations in SE and SM were 6.49-6.88
mg/kg and 2.23-2.24 mg/kg, respectively. From these results, we confirmed that production of vinegar containing
jaceosidin, eupatilin and phenolic compounds can be prepared by using Arfemisia argyi H. edible ethanol extract.
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Zo| AR st Y= AR BHauEo] Qthe). o] 5 tiEA
& FTOoRE WE AR NS NAPES APES
H A7), B2, 24, QIR el Alvs ol 3l
ou, o]F9 F8 gEe|U ASEA 9 Aol A
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Aol ¥ (Artemisia argyi H)2 352 53 o
SO & Aufol A3t 7T xUdE ZHF3 Q)
dellwoll A AHED e Felge] dFoz ¢
(Saomae)%’ ol FF WORE A FTHITEMA 42
3, 2013.09.27) © AFolth®). Aol kel el 2l
HE 3hee =2 gHzd oA 9 isixd A
7= o2 Hawo] glom(9), I thE ok
H]3] eupatiline F 20% 7 =, jaceosidin-S °F 2¥]|F = T
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%1 Acetobacter pasteurianus A8 TS A1-8-819] GYCEA

(3% glucose, 0.5% yeast extract, 1% CaCO,, 4% ethanol,
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A7) E 200 g& HAF 1 Lol @EAIA 60TolA 2413F
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Table 1. Jaceosidin and eupatilin contents of ethanol extract from
Seomaeyaksuk (Artemisia argyi H.)

(mg/100 g)
Ethanol concentration (%)
Item D
0 25 50 75 100
Jaceosidin ND  92+03"% 382:09" 804+18 112121
Eupatilin ND 3840.01"  211:08"  423:12°  69.3%L6°

"Ethanol not contained water extract.
Each value represents meantSD, n=3.

¥Means with different superscript in the same item are significantly different at
p<0.05.
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AMTE= AAA(Ultra Scan VIS, Hunter Associates
Laboratory Inc., Reston, VA, USA)Z =% 3t 5 Hunter scale
o €3l L(lightness), a(redness), b(yellowness) 22 L}E}
Wolth 7t AR R 570 o)de] Az gigt Mg 5%
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3L, o] BAHS water} acetonitrile S 3:7(viv)] HI &R &
et & ARSI 0] 8o $ %+ 1.0 mL/min, Al S
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27te] ARE ofIA 2 AT A RS AT A3
0.45 ym membrane filter= ] }-$F T3 HPLC-DAD(Agilent
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Chemical Co., Tokyo, Japan)& A}-8-3}51 12, o] 54 Svl=
0.1% HiPO; 89S 0.5 mL/min2] 22 F51% o,
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o] 2313t 0.1% formic acidE AZtel] wel E3H| &S 24
stiA BT HE SEe A4S 93 ol
£%F 07 mLymin, 3719 3732 280 nm=E 251310
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Table 2. Mixing ratios of materials and extracts to make Seomacyaksuk (Artemisia argyi H.) vinegar

10% Malt extract

Sample code Water

18% Edible ethanol

Arternisia argyi H. 18% Arternisia argyr H.

(ME) (EE) water extract (AWE) edible ethanol extract (AEE)
Co 1 1 1
SE 1 1 1
Sw 1 - 1 1

M 1
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Table 3. Changes in Hunter’s color value of Seomaeyaksuk (Artemisia argyi H.) ethanol extract added vinegar

Fermentation period (day)

Item Sample code”
0 10 15 20 25
0 27.74+0.847"4 2605057 28.90+0.02* 27.09+0.06™ 46.600.04"
. SE 31944045 34904011 29.29+0.14° 33.95+0.06™ 30.80+0.03™
SW 31.200.02° 29.52+0.48" 32.91+0.22° 33.14+024% 26.48+0.05
SM 31.630.18" 32.98+0.09% 34.15+0.15% 27.52+0.03"® 31.9620.04
Co 0.24+0.24% 041006 2.72+0.01% 046+0.062 -0290,04"
SE -0.5740.06** 3,09+0.03 0.11£0.05® 1.20£0.01° 044004
a
SW 3,00£0.01° 003001 1.74+0,03 -1.46:0,02* 3084002
SM 043:0.00" 1504001 -1.19+0.04* 2.89+0,02% 0.03+0.00
o 195+0.81™ 2.15+002™ 5.16+0.00% 2.69+0.09™ 12.380.07%
\ SE 8.14+0,09"¢ 13.90021° 6.33+0.06™ 9.55+0.00" 5.67+0.02*
SW 7.7240.02% 7.10£0.11" 9.68+0.03” 8.95+0.06™ 6.94+0,08"
SM 8.68+0.04° 10.30+0.03° 9.17+0.04% 6.05:0.09° 7.960.06™
Co 717120815 73.40£0.57° 70.77+0.02 72.38+0.05° 5426003
AE SE 67.97+0.45% 66.080.14** 70.42:+0.14% 66.18+0.06™ 68.85+0.03°
SW 68.73+0.01° 70.27+0.48° 67.24+0.22° 66.89+0.25 73.34+0.04°
SM 68.34+0.18% 67.26+0.09" 65.92+0.14* 7221+0.04% 67.93+0.04

I

@

-

)
)
)

HAD

Refer to the Table 2.
Each value represents meantSD, n=3.
“Means with different superscript in the same sample code are significantly different at p<0.05.

Means with different superscript in the same fermentation days are significantly different at p<0.05.
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Q1 2ol & HT

Kwon 5(20)& 74 29| pHE 2.85-3.22, Al#ba] 2=
246-3.142] Mgt B3k vl 9lom Na 52D ¢=
7} THE Al 29| pHE S48 27 2.39-3.609] 9=
A2 7Y mkem A X, FolEa X, A, AL
Az, dnlax, wjdA 2 Fo 2 Yehd Hrlehs 98
of what 229 pH7F fF2] A<l Afol & HRlthal st
AT Aok A2 UE Addle 98 A OHOW
Eo] Jgkg wo} %%7}?0 CO A5l Hlal o)A
U AYPEAE EFEE HU)
e fel 49l X}Olﬂ o, ook F

7}'01'/\}\2 4;&]1—& E] lr'fo]‘ '—})ﬁe %
A o] H7t R Hthe 35w AXE g &uljd] 855

L 4Pl B 2 93 nAE oz F49r

el
(Table 5) & 092}] AF=E 0.11-020%2] WHeld Ao
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Table 4. Changes in pH of Seomaeyaksuk (Artemisia argyi H.) ethanol extract added vinegar

Fermentation period (day)

Sample code”
0 10 15 20 25
co 5.140,017%™ 3.17:0.00° 3.10:001™ 3.09:0.02™ 3.06:0,02**
SE 4.64£0,01° 376001 346:001" 325:0,01 3.110.01"®
SW 4542001° 3.08:0.00™ 3.040,00** 3.05:0.02" 3.05:0.02"
M 447001 3.57£0.01 332001 320£0.04™ 3.1240.01"®

URefer to the Table

Each value represents meantSD, n=3.

e}

)
)
)a-c,

@

HA]

Means with different superscript in the same sample code are significantly different at p<0.03.
PMeans with different superscript in the same fermentation days are significantly different at p<0.05.

Table 5. Changes in acidity of Seomaeyaksuk (Artemisia argyi H.) ethanol extract added vinegar

(%)

Fermentation period (day)

Sample code”
0 10 15 20 25
co 0110017 191001 3.110.01° 3.5240.00° 3.600.01*
SE 0.14+0,01°® 0.49+0.00™ 0.95+0.01 2334001 3.8140.09
SW 0.20+0.01™ 2.9240.01™ 3.77+0.08° 3.96+0.04" 437+0,06%
M 0.16+0.01° 0.880.01™ 1.96+0.09" 3.13:003® 4.44+0.12°

URefer to the Table

Each value represents meantSD, n=3.

v

)
)
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HA]

Means with different superscript in the same sample code are significantly different at p<0.05.
Means with different superscript in the same fermentation days are significantly different at p<0.05.
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Table 6. Changes in free sugar of Seomaeyaksuk (Artemisia argyi
H.) ethanol extract added vinegar

(g/100 mL)

Scaéggle Fennezg;yyenod Fructose Glucose Total
0 0130017 046:0.01* 0.59

10 0.16+0.04"™ 0.24+0.03"™ 040

Co 15 0.14+001* 021£0.01** 035
20 0.14+001* 0.18+0.01* 0.32

25 0.17:0.01™ 0.18+0.01* 035

0 0.19+0,04" 0.44+0,08 063

10 0.1940.04** 03940.05° 0.58

SE 15 0.1940,05** 0.26+0.03" 045
20 0.22+0.03® 0.23+0,02°® 045

25 0.19+0.08* 0.19+0,04*® 038

0 0.16+0.01™ 045+0,03" 061

10 0.15+0,02* 023001 038

SW 15 0.16+0.01™* 021001 037
20 0.18:002™  02240.01® 040

25 0.19+0.02" 0.23+0.01°® 042

0 0.2240.02 048:0.00 0.70

10 0.1820.05** 03120,04° 049

M 15 0.1740,05* 0.24+0,03™8 041
20 0.18+0,02"® 0.23+0,03 041

25 0.17+0.01* 0.19+0,01® 036

l)Refer to the Table 2.

Each value represents meantSD, n=3.

%\ feans with different superscript in the same sample code are significantly different
at p<0.05.

9*Means with different superscript in the same fermentation days are significantly
different at p<0.05.
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rEEol ArheA &L Co % SW/\] Fol|A = formic
acid7} 49.59-114.20 mg/100 mLo] 7 &% % 3L malic acid=
AzEA] Fed T FEE0] A 7}9 SE ¥ SMA| 9
)= malic acid7} 18.96-117.77 mg/100 mL°| %
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FH = BE A 8dA HEHA] ZSUTh Acetic acide= &
0Y 2ol 127.22-264.99 mg/100 mLe] W 9jo]dl o] wg
10€0] CO ¥ SWAIEE= ZH7} 2,134.43 mg/100 mL 2
2,772.73 mg/100 mL$l 2™, 74 FZE-2 H7}3k SE9F SM
AlB5E 742 226.24 mg/100 mL 2 781.64 mg/100 mLZ
CO 9 SWA| 52| 936% =l Egich Har|7te] 27}
stol] W} acetic acide AAF S71ete] HE 25U =
3,638.51-4,532.90 mg/100 mL 9= SMA 5 A 71 &=
< &Fol Rt Oxalic acide YR 7]7to] 7 #ghol| whet
A3 FrrRE0m AN FYFEE A7t AR vl
A7F A BET oF 108 B o] ¥ =T

Joo 5(29)& IE dn| A% A ZA] acetic acid 2]l
oxalic acid, citric acid, tartaric acid, malic acid, lactic acid
5ol AEEslen R wet {714k T 2 S
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A FF AR Fek BREE Jgo] BERY AS
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Table 7. Changes in organic acids of Seomaeyaksuk (Artemisia argyi H.) ethanol extract added vinegar

(mg/100 mL)

S;)rggle szgggnt(e:itziigl)l Oxalic acid ~ Formic acid ~ Malic acid ~ Lactic acid ~ Acetic acid ~ Citric acid  Succinic acid Fumaric acid Propionic acid
0 15.18+0.06™  49.59+0.31° ND? 13158441  23221+1.63"  57.95+139" 244.84%199°  0.16:001°  1221125°

10 24.19£0.12°  102.42:+0.98" ND ND 213443£124° 139.78+056 260.79+033°  054:001°  6982029"

0 15 24.69+0.12°  99.68+0.39° ND ND 27004242.01°  104.30£0.81° 21920£0.64"  059:001°  7.77+021°
20 B.12:017°  97.214.05° ND ND 2548.03+027° 12920£032° 24343:053°  055:001°  10.32+0.46°

25 28641028  114.20%434° ND ND 363851:2.16° 11035+1.15° 29620+5.14° 074002  12.96:0.67

0 187.59+0.25" ND 2103076 161.23+4.34  142.60:0.64" 69.66:1.60° 29927+191°  0.15:0.01°  150.30+8.06°

10 194.67+0.29° ND 203+081° 334354522 226241070 90.75+141° 317.08+2.13°  0.16:0.00°  154.12+891"

SE 15 209.99+0.64° ND 108.02+2.36° ND 12584651440 9793+151°  30637+2.8°  022:001"  143.937.95"
20 208.87+0.24° ND 101.92+41.11° ND 2032.18+4.15° 100.34+144° 285.68+170°  026:0.01°  120.64+7.22°

25 200.73+0.42° ND 107.291.92° ND 3917354813 109.03:090° 28872193  0.34:001°  108.49%525"

0 16540.10°  50.14+022° ND 158.98+3.89 264994249 6393:L15" 23674+115°  0.19+000°  49.54%339°

10 2044015 57224023 ND ND 2772.73139°  10035£054° 213.16+0.65°  041:001°  1046+1.54°

SW 15 2399008 6108023 ND ND 3004124358 10101147 21827068  047:001°  11.07+3.14°
20 24.29+006"  6325:0.17° ND ND 3989.55+333" 103.1510.55° 224651057  048:001°  13.66+3.60°

25 24724008 64514023 ND ND 4084234156 10283174 22820:033'  0.50:001°  108.49+5.25°

0 196.46+3.88" ND 51994306°  164.50+307 127.22+446"  77.5412.10' 30042+181°  0.18+0.00°  49.54%339°

10 200.6445.77° ND 18.960.91° ND 781.64+436"  100.15:0.81° 310.72+040°  0.190.01°  1046+1.54°

SM 15 215.000.62° ND 140.11+1.44° ND 2460.76+2.06° 170.1310.87 295.71+2.08°  022:001"  11.07+3.14°
20 222.39+0,63° ND 140.06+2.32° ND 3616.56+3.77° 17842093 291.131.11°  026:001°  13.66+3.60°

25 226.95+2.91° ND 117774083 ND 4532.90+4.91° 28489167 43435+8.18"  0.30:0.01°  146.69+5.60°

URefer to the Table

Each value represents meantSD, n=3.

=)

)
)
)a-c

w

4)ND not detected.

Means with different superscript in the same sample code are significantly different at p<0.05.
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Table 8. Changes in phenolic acids of Seomaeyaksuk (Artemisia argyi H.) ethanol extract added vinegar

(mg/100 mL)

Sca;ldgle pii%ndzn?di?lg) Pyrogallol ~ Homogentisic acid Chlorogenic acid ~ Caffeic acid ~ Coumaric acid Naringin Apigenin Total
0 10.31x0.06™ 0.66+0.03" NDY ND ND ND ND 14.97

10 10.63+0.05" 0.70£0,04° 0.8420,00 0.21£0,01 ND ND ND 1238

co 15 10.39:0,04° 0,50:0,04° 0.8420,00 0.21£0.00 ND ND ND 11.94
20 9.40:0,01° 0.66:0,03" 0.8220.00 0.39:0,01 ND ND ND 1127

25 11.36:007 0.94+0,04° 0.8520.00 0.5540.,01 ND ND ND 13.70

0 10.610.12° 0.73:0,01° 35.0041.35° 13940.10° 0.10:0.01* 33.1420.11° 0.09+0,01° 81.06

10 11.08+0.15° 041:001° 35.05+0.41° 136£0.00" 0.10:0.01* 2584024 007t001® 7391

SE 15 11.830.48" 0.53+0.02° 35.96+0.49" 1.64+0.00° 0.11x0.01* 24430.19°  008001® 7458
20 9,53+0,02" 0.78+0.04° 35.13£0.37° 1.9240,01¢ 0.1120,01* 20.74+1.43" 0.06+0,01° 6827

25 11.390.09° 1152006 35 83+0,05° 2.1420,01¢ 0.1120.01° 19.50:036" 007001  70.19

0 10.30:0,05" 1382003 0.82+0,01° 021£0,01° ND ND ND 1271

10 10.67+0.04° 139005 0.88+0,01° 0.79+003° ND ND ND 1373

SW 15 10.94+0,04° 1.2820.06° 0.89+0,01° 0.85+0.04 ND ND ND 13.96
20 11.270.01° 1.90+0.05° 0.89+0.01° 0.81+0.00 ND ND ND 14.87

25 11.52+0.05° 2.5240.04° 0.90+0.01° 0.87+0.04° ND ND ND 15.81

0 10.84+0.02° 1.50+0.02° 36.24+0.86" 1412031 0.05+0.00° 33.16£035° 0.10:001° 83.30

10 11.63+0.01° 0.73+0,03" 36.54+0.09" 1674002 0.09+0.01° 2536+0.15° 0.07+0.01° 76.09

SM 15 9.53+0,01° 0.96+0.05° 36724008 2064012 0.10:0.02° 23.0140.19" 0.07+0.01° 7245
20 11.1120.09° 132+007° 36554003 233:0.16°  0.09:0.00° 21.5541.50" 0.07+0,01° 73.02

25 1158021 1.7740.05° 37.18+0.12° 2.49+0,03° 0.10+0.02° 21234148 0.08+0,01° 7443

I

=)

)
)
)a-c

w

4

Refer to the Table
Each value represents meantSD, n=3.

Means with different superscript in the same sample code are significantly different at p<0.05.

ND, not detected.
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59| g2 "} 7448}19] jaceosidine SEA| oA &
25919 6.88 mg/LE & 02 ¥l 36.1%7} %
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Table 9. Changes in jaceosidin and eupatilin of Seomaeyaksuk
(Artemisia argyi H.) ethanol extract added vinegar

(mg/L)
Scagggle Fennent(z(ljt;;r)l period Jaceosidin Eupatilin
0 ND” ND
10 ND ND
co 15 ND ND
20 ND ND
2 ND ND
0 10.78+0.39™ 5.73£029°
10 9.96:0.01° 4502022
SE 15 9.63£0.29° 4.16£001°
20 851£0.61" 3.60:0.02°
25 6.88+0.13" 2242017
0 ND ND
10 ND ND
SW 15 ND ND
20 ND ND
2 ND ND
0 11.09:0.45 5.6520.18"
10 10.10+0.51° 451017
M 15 9714023 429+049°
20 8.55+048" 3.1540.17"”
25 6.49+0.19° 22340.15°
1)Refer to the Table 2.
ND not detected.

)Each value represents meantSD, n=3.

*Means with different superscript in the same sample code are significantly different
at p<0.05.

¥"Means with different superscript in the same fermentation days are significantly
different at p<0.05.

B Aol Aoek%e] FEAES jaceosidinT}

eupatiling $Hsh= 2129 Az 7FeAE ERlsh] Sl

Aok 710% FFEE= HUste] A2E Az

, BFEE AU O FHEAS vusit BE
u

o] BAek T = TR LS dET(COo), AT
E, 7% 3} Adofj ok

o X2 N Lo ot &



656

o

24

i

Ao 2 2597 AlsE FAsth 25Uz HESH Ao oF
& A 2ol L e 26.5-46.6, a LS -04-3.10193, b S
5.7-12.49 WA HF AHES] A5 3.60-444% oM,
Aefleks £ 5EE0] 71 SE 2 SMARE ©E 20
o] Z5E] 43| 2twrt FUkele] UE 259 SMAIR
N 7HE =9tk F2lE2 fructose 2 glucose F EF7F
EFE A HRIZE Sk AHAste] R 25U Apol| 22
0.13-0.22 g/100 mL % 0.18-0.48 g/100 mL°] 21T}, Acetic
acide F8 f713to =z vg 2590 3,638.51-4,532.90
mg/100 mL A Ak A3 FEES s FHF5
£ A7t f7el wet HEAT 2 el Atol7t e
tl, FF=E0] A7k A RAAE F 739 d=EsgE
ol A&EH v 23 EFFE] HItE AlRelAM =

tho] AZE Ut Jaceosidin®} eupatilin< 4 of] ¥4 3=
HFEES 3718 SE 2 SMA| Bol A v AEH e v
F71%ko]l AngdrsE AFAA FAhste] HE 2594
jaceosidine Z}7}+ 6.88 mg/L9} 6.49 mg/L3] ©-H, eupatilin
217} 224 mg/lL 2 2.23 mg/LTh. ool ATEE Aok
& 3 2285 Hylgto 24 25U 7te] Zabdtg vl

References

1. Baek SY, Lee CH, Park YK, Choi HS, Mun JY, Yeo
SH (2015) Quality characteristics of fermented vinegar
prepared with the detoxified RhAus verniciflua extract.
Korean J Food Preserv, 22, 674-682

2. Shin EH (2015) Quality Characteristics of vinegar using
Wasabi japonica matsum leaves. Korean J Culinary Res,
21, 255-263

3. Hong SM, Kang MJ, Lee JH, Jeong JH, Kown SH, Seo
KI (2012) Production of vinegar using Rubus coreanus
and Its antioxidant activities. Korean J Food Preserv, 19,
594-603

4. Kim KO, Kim SM, Kim SM, Kim DY, Jo DJ, Yeo SH,
Jeong YJ, Kwon JH (2013) Physicochemical properties
of commercial fruit vinegars with different fermentation
methods. J Korean Soc Food Sci Nutr, 42, 736-742

5. Kang KM, Lee SH (2013) Effects of extraction methods
on the antioxidative activity of Artemisia sp.. J Korean
Soc Food Sci Nutr, 42, 1249-1254

6. Seo KS, Yun KW (2011) Antimicrobial activity and total
polyphenol content of extracts from Artemisia capillaris
Thunb. and Artemisia iwayomogi Kitam. used as Injin.

10.

11.

12.

13.

14.

15.

16.

17.

18.

A58t Al 2244 A5E (2017)

Korean J plant Res, 24, 10-16

. Lee SD, Park HH, Kim DW, Bang BH (2000) Bioactive

constituents and utilities of Artemisia sp. as medicinal
herb and foodstuff. Korean J Food Nutr, 13, 490-505

. Ha GJ, Lee DS, Seung TW, Park CH, Park SK, Jin DE,

Kim NK, Shin HY, Heo HJ (2015) Anti-amnesic and
neuroprotective effects of Arfemisia argyr H. (seomae

mugwort) extracts. Korean J food Sci Technol, 47,
380-387

. Kang JR, Kang MJ, Choi MH, Byun HU, Shin JH (2017)

Physicochemical characteristics of ethanol extract from
Artemisia Argyi H. using different preparation methods.
J Life Sci, 27, 23-31

Hwang CR, Seo WT, Bae WY, Kang MJ, Shin JH (2014)
Physicochemical characteristics and biological activities
of Artemisia Argyi H.. J Life Sci, 24, 377-385

Ahn JB, Hur JN, Jung HG Park JH (2012) Study on
the growth environment of ‘Gangwha-mugwort’ through
the climatological characteristic analysis of Gangwha
region. Korean J Agricultural Forest Meteorology, 14,
71-78

Park EK, Kwon BM, Jung IK, Kim JH (2014)
Hypoglycemic and antioxidant effects of jaceosidin in
streptozotocin-induced diabetic mice. J Nutr Health, 47,
313-320

Choi MH, Kang JR, Sim HJ, Kang MJ, Seo WT, Bea
WY, Shin JH (2015) Physicochemical characteristics and
antioxidant activity of Sumaeyaksuk depending on harvest
times and processing methods. Korean J Food Preserv,
22, 399-407

Hwang CR, Seo WT, Jung MIJ, Shin JH (2013)
Antioxidant activity of the Sumaeyaksuk tea extracts
prepared with different drying and extract conditions.
Korean J Food Preserv, 20, 546-553

Lee SH, Kim JC (2009) A comparative analysis for main
components change during natural fermentation of
persimmon vinegar. J Korean Soc Food Sci Nutr, 38,
372-376

Lee GE, Kim SM, Huh CK, Cho IK, Kim YD (2015)
Comparison of quality properties and identification of
acetic acid bacteria for black waxy rice vinegar. Korean
J Food Preserv, 22, 443-451

Lee SW, Kwon JH, Yoon SR, Woo SM, Jang SY, Yeo
SH, Choi JH, Jeong YJ (2010) Quality characteristics
of brown rice vinegar by different yeasts and fermentation
condition. J Korean Soc Food Sci Nutr, 39, 1366-1372
Seo JH, Kim YJ, Lee KS (2003) Comparison of



19.

20.

21.

22.

23.

24.

25.

26.

27.

Quality characteristics of fermented vinegar prepared with Seommaeyaksuk (Artemisia argyi H.) extract

physicochemical characteristics of fruit vinegars produced
from two-stage fermentation. Food Industry and
Nutrition, 8, 40-44

Lee JC, Han WC, Lee JH, Jang KH (2012) Quality
evaluation of vinegar manufactured using rice and Rosa
rugosa Thunb.. Korean J Food Sci Technol, 44, 202-206
Kwon SH, Jeong EJ, Lee GD, Jeong YJ (2000)
Preparation method of fruit vinegars by two stage
fermentation and beverages including vinegar. Food
Industry and Nutrition, 5, 18-24

Na HS, Choi GC, Yang SI, Lee JH, Cho JY, Ma SJ,
Kim JY (2013) Comparison of characteristics in
commercial fermented vinegars made with different
ingredients. Korean J Food Preserv, 20, 482-487
KFDA (2008) Korea Food Standard Code. Korea Food
Drug Administration, Korea, 21, 1-2

Park CS, Kwon CJ, Choi MA, Park GS, Choi KH (2002)
Antibacterial activities of Cordyceps spp., mugwort and
pine needle extracts. Korean J Food Preserv, 9, 102-108
Park SK, Park JC (1994) Antimicrobial activity of
extracts and coumaric acid isolated from Arfemisia
princeps var. orientalis. Korean J Biotechnol Bioeng, 9,
506-511

Jeong YJ, Seo JH, Park NY, Shin SR, Kim KS (1999)
Changes in the components of persimmon vinegars by
two stages fermentation (1). Korean J Postharvest Sci
Technol, 6, 228-232

Jang SY, Shin KA, Jeong YJ (2010) Quality
characteristics of apple vinegar by agitated and static
cultures. J Korean Soc Food Sci Nutr, 39, 308-312
Moon SY, Chung HC, Yoon HN (1997) Comparative

28.

29.

30.

31

32.

33.

34.

657

analysis of commercial vinegars in physiochemical
properties, minor components and organolepic tastes.
Food Sci Technol, 29, 663-670

Furukawa S, Ueda R (1963) Studies on non-volatile
organic acid in vinegar (I): Contents of non-volatile
organic acids in commercial vinegars. J Ferment Technol,
41, 14-19

Joo KH, Cho MH, Park KJ, Jeong SW, Lim JH (2009)
Effects of fermentation method and brown rice content
of quality characteristics of brown rice vinegar. Korean
J Food Preserv, 16, 33-39

Yi MR, Hwang JH, Oh YS, Oh HJ, Lim SB (2014)
Quality characteristics and antioxidant acitivity of
immature Citrus unshiu vinegar. J Korean Soc Food Sci
Nutr, 43, 250-257

Lee KH, Kwon HJ, Chun SS, Kim JH, Cho YJ, Cha
WS (2006) Biological activities of extracts from Phellinus
linteus. J Korean Soc Appl Biol Chem, 49, 298-303

Kim DK, Baik MY, Kim HK, Hahm YT, Kim BY (2012)
Manufacture of the red ginseng vinegar fermented with
red ginseng concentrate and rice wine, and its quality
evaluation. Korean J Food Sci Technol, 44, 179-184

Ryu SN, Han SS, Yang JJ, Jeong HG, Kang SS (2005)
Variation of eupatilin and jaceosidin content of mugwort.
Korean J Crop Sci, 50, 204-207

Kim MJ, Han JM, Jin YY, Baek NI, Bang MH, Chung
HG, Choi MS, Lee KT, Sok DE, Jeong TS (2008) In
vitro antioxidant and anti-inflammatory activities of
jaceosidin from Artemisia princeps Pampanini cv.
Sajabal. Arch Pharm Res, 31, 429-437



