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Abstract

This study investigated acetic acid fermentation properties and antioxidant activity of vinegar by addition of lemon
grass to develop high quality vinegar by using lemongreass. Traditional brown rice wine contained 5% lemongrass
powder and had an alcohol content of 7.2%. The wine was fermented by Acefobacter. sp. RIC-V and made into
lemongrass vinegar (LV). The pH and total acidity of the LV were 3.13% and 7.21%, respectively. Fructose was
detected whereas glucose, sucrose, and maltose were not detected. Among organic acids, acetic acid was highest
at 3658.6 mg%; trace amounts of lactic acid, citric acid, malic acid, tartaric acid, and oxalic aicd were detected.
Of the 17 free amino acids, glutamic acid, histidine, alanine, and proline were mainly detected. To conduct total
polyphenol content and ABTS radical scavenging activity, 3% and 5% lemongrass powder (P3LV, PSLV) and
1%, 2%, and 3% of lemongrass extract (E1LV, E2LV, E3LV) were added to LV, respectively. Total phenolics
increased as the added lemongrass powder and extract increased. Total phenolics were 490.9, 559.4, and 895.7
1g gallic acid equivalents/mL in brown rice vinegar, LV, PSLV. ABTS radical scavenging activities were 43.2%,
58.0%, and 91.0% in brown rice vinegar, LV, PSLV, respectively. These results show that lemongrass vinegar
has considerable potential as a high quality functional vinegar with antioxidative effects.
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ol ok B4, H|E A ¥hgo o) ol &
A48 At w2 3= ol FH©), AHg FFe
Lt E AlZEALlY] AsdE T 9= ?%}(10)
SARE AW, ~Ed 2 H1g A AR ol o8 24
vy ﬂrlﬂrdﬂl A= 3 A- g LAV} o] FoA|A] Y=
o GAaAE A e nEZ o), DNAS &
3o o] Y A EEATel 93 A, &, HRAS
ISl FTk(11).

ol e} o] 20| ksl &Y, TS, ndY, 2
Bl & A8l, 9 23]8, AR 4, v, 5 5o A%
7} n]-gA Q1 SR oA ] thekst E~°l SR HA] Zn
24 G ol e}t £8, 7SN FoR &8 3
TH(12,13). 21 9] thekgt Aejeido] A=A A

DF3E el A AT E A X%, FrE H
WA %, IRINE 2%, Belgdnl A% T o8 dd
1 E%% o] &3t A x5 7H%‘Eh UTH14).
&) B (herb)= 2}Elo] herbadll A e = A =7] <,
, e 5 F97F AFe g &85 (15), A8 7HA
ol o8l o2le g ks SXIAI7| L B g WAl
Sel7] g ISR Ho] ey 3l kst 7E
Aelg E48 ety SPgE, AR A 22 o
g TobollA &85 a1 3Tk16). #le L2k ~(Cymbopogon
citratus, lemon grass)= °©]| 53} o] g&Ego] U= 5B
dFo = v Hlate] ofefito] otk QIE, Wi o]A]
ofe} & iAWl A ol A= o o), =
7152] ¥ste} slHe| 8ol SojuHA fEuetiax
A= 3 Qe el Bk et AFE FEEY] F F
2oz ), S A, 5 o U] I, dgol 4

o] HuElon, 2Fe] &83t ATZe g Eagts 7
TS H7be A Alo] AL} A tiek AT U
(15-19). S BFZ &8 2 %o it A7 Y =uke &
|3 2127l gt g9l e=e] FrYskan20), 53] oF
7HA] F 2 aeka g 85 A Zof gt At BasA|
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=gt aE 201613 A|FEW I A A A, 4323
AL et We Byt Abgstant el w4
of A-8-¥ 4719 EFEZ fructose, glucose, sucrose,

maltose, 714 £ AFE-H 6719 54 oxalic acid,
tartaric acid, malic acid, lactic acid, acetic acid, citric acid,
ZF Zode &% £4] A8 Folin-Ciocalteau’s phenol
reagent, gallic acid®} ABTSZ}|Z A4 4o ALE-H
2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid, ABTS)
= 55 Sigma Chemical Co.(St. Louis, MO, USA)° A ¢

=2

nEEle Hul2 A He T 3 xﬂ#oﬂ 12717F A A2
S712 1ARE 308 71daisor 308 FEQl F 25T
5200
= 100 g, ]:J,]- 10 g, A 2,500
lete] 2 Edtata HH%J 18] ket 25CellA 71t
1S A2 o o7 mEydie] gea
4 5%2 HkeE AL YRy ARETS, A
2 = gt 2t7te] gag

Z¢tebE HiX| 9] AMIE

ZAbt B2lE 9% 9 viA] = mannitol 2.5%, yeast
extract 0.5%, peptone 0.3%, agar 1.5%, CaCO; 1%, ethanol
3%°] Hl& & 19 ethanole A& g YA & 14d 7]
(DS-191A, Dasol Int Co., Ltd., Gwangju, Korea)ol| 4] 1217,
1557t Atsle] 45T 2 W23k U2 ethanol-S A8 27
o FaA o R Hrlste] Az a, 2 T2 A v
A= mannitol 2.5%, yeast extract 0.5%, peptone 0.3%,
ethanol 3%2] H|& =2 A|Z3le] AFE3ITH

BlE2astA AEH=E

ZoHEg of] ARERE TR = AR B2 T2 Acetobacter
p RICVE AHgsidonien, $2R a3 T78 o
Hjzlol] i Fate] 3} g & AgTtHMo|ES Z3sh=
Ao v eFete] e G2 B9l & At F

T
& 22UE Aol 228 ey 2BEE B

BT 0% €= 10%E %31, 30T 150 rpm shaking
incubatorol| 4] 4571 vl o5} 11]- Jeasgtadary, o
W R ol 247 25 sl AR viskE 54
s, gl ek A2E Azt M CR, HEa
ghno] H7Pg o] mE gitsl G559 ztols Flstaxt
Az Y=t Zo EﬂEZE]-/\ Az BEE3,5%
A7Vste] 24417 ARG T @Bk B2 3 5% A
21 Z(P3LV, PSLV)Z &}, g2 1etxs 9 %T%% &
Z35}o] 10 “Brix7} EA 3 & 1, 2, 3% A7Vt e ek
FZzd 1,2, 3% H7} NZ(E1LV E2LV, E3LV)& 3}
% Zojulls P ABTS go| 2 2AE4 2 vt
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wEIg, 7714 S 24
FelY} f710 G AEE
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3,000 rpmell Al YA Ee]
Sep-Pak Column;g cartridge(Waters
Associate Inc., Milford, MA, USA)E £3A17] & 045 im
membrane filter(Woongki Science Co., Ltd., Seoul, Korea) =
o] 3}sk A& HPLC(Waters 2695, Waters Associate Inc.,
Milford, MA, USA)Z #4319t}

F89 A4S 9% HPLC 24 Z¥2 Prevail ™
Carbohydrate ES(4.6%250 mm, 5 um, Grace, Deerfield, IL,
USA), A=7]= ELSD, ©]5* 2.2+ 70% acetonitriles &
‘;POS mL-/] e g ]E/\]ﬁp} _Prl:qr/"l— ?‘51—31:_0_ lr_l:tﬂi
Az FFZEZQ fructose, glucose, sucrose 3
A5t 42 EEFHZTYH A ZFA

F714F BAE 943 HPLC %72 Prevail ™ organic
acid(4.6x150 mm, 3 pm, Grace) ZH = AF83lo] PDA 210
nmol| A HE3I oM, o] T 2= pH 255 23 H 25
mM KHPO, €95 9 1 mLo| =2 oAt £&
H 7} 93+ f§714F 25EZ R oxalic acid, tartaric acid,
malic acid, lactic acid, acetic acid & citric acid®] =40
2HE HZFeih

2 maltose S

&

ofol- M Bk 2

opp| At EAE 98] AR 05-1 g= Al Tl st
6 NHCl 6 mLE Y3 AArl~g2 22X 7HA dEalo]
115°CollA] 24413 F3llsiTt. ol e Al5E 6 N NaOH=
TINA SRTE F LAt AEE A4S § 10 ILs
%46%’4 borate buffer 90 uLe} EFA7]13L AccQ =4 A<k

< 20 uL F7F F 55TCAA 10 7 w-2-3a9th AccQ-
Taq(3.9%150 mm, waters, Milford, MA, USA) Z& & AFE-3]
o] &IHEX: 250 nm, Em: 395 nm)detectorol| 4] &332
), o] E 40 2= 10% AccQ Taq Eluat A, 60% ACNZ
A}gslo] 08 miymin SEZ o] B AT Beld 7t v)ae

EFEde] EFTHoRRY FFII

% vl &% Folin-Denis WH o2 %319 tH?22).
A1 200 LS} S 1,800 pLE E33HL, FolinCiocalteau’s
phenol reagent 200 LLE 7}8te] 2 A& F 5EZF AF20A
HESAIZATE o] &l 2M NayCOs 400 UILE Ho] &3t
U TRTFE 718k 4 mLE 233I9th o] §4S e
oA 1A3E Bt A £ spectrophotometer(BioTek,
USA)E ©|&3to] 725 nmellA F3EE S73H 3L, gallic
acidE ©]-8-3F 7 42} vlaste] g gallic acid equivalents
(GAB)mLO.& F ¥z &3S Yeisich

ABTS 2H& 2AHsY £3

ABTS 202 2AEHL Re S(23)9] WS W E 310

ol

33)7) 224 A5E (2017)

gttt A1E &4 SRS 7 mM ABTSS 2.45
mM potassium pelsulfateE A7rete] Aol A 164131 vl
sto] ABTS ol&5 A7 F 734 nmell A §3 =9
#kel 0.7 olat7t HEE s|Aste] Azt 1ty
ABTS €9 100 pLell A|Z € 100 LS 7}t 5 6%
Fo FHEE S TE SA (245 mM potassium
persulfate buffer)?] T4 59} vl Wl EFEE 7HAAF)
< AEE %= Uepl e, At =T C 2= ascorbic
acid= A]’%‘O]'N\E]'-

SA=
B

T

SPSS version 14.0(SPSS, Inc., Chicago, IL, US )
o] TA 4353t Duncan®] TR A (
multiple range test)= AHE-SIATE 9 FEe

2 stk

>

mz

ol fofd Aope FATAE AZES ]
o g3t

U ml"

uncan’s
p-value<0.05

BEasts Ax EpuE

B Ao TEFY AzdAdARE g2t
25 Hrlete] HaFH S A2 F 2ibEgsty
PAs A7 gL dAuda sy s b gsie] vlw
To® Itk dE ek MU HEFy s v B E
FHe dHE ke 747} 72, 86% % T A BT B
AL A2 E A Zsh] ol = A s
Hate] 1P 7R & A5 PR AHES
At

g A Fo] pH S A7 B8 A pH 3.62004 T &
Z pH 31302 7+4sle Ao & Yehgth o3 Aate
ATt 571l whe) pHYF AAdhe A s Bolthe
Sim &(24)° AT} IZnks AR Ax A FAEE

1.28-1.54% 11 4] 5.57-6.777}4 78+ L, pH 4.36-4.47°]
d Ao] ¥g 259 5 pH 3.85-3.97% 71435} th= Choi
(259 AT A AEE Bels gl

FAeE dEagtas 29 f2ags B4 A 20
247} 143, 1.31%°04 721, 12%% & FAEE Ho
B 1Eks Sl e 2R Asle fle ZoE Bl
T}, Park(26)S FHLE F T2 HE glo] x5 A=
She ARIEEES Bk wid X, wjEm] A &, HH HEAZ, &
N2 2 g A7 FAEE 4.01-5.05%2 A FA o
U ) 29] 149 4.020%00 & FZ3 Oﬂ_Ur e E
TE B3k o]¢t 2] & AFelAs A0l -

E g R Bkoﬂt ‘ﬂtrol 7Fedt el 2] B
T = 101] HETFoZA AH 2714k
AAISkaL 7%017de] A x Ax
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7} 7Hsdld Ao w AlgdTh

ATl HE ek A xe] MR || 472 2KA
g A o] 2-3709 Aas e vlEiA e AR v
dubz o] Aehufoko] Hla) Aojxith 2L #S AFE3 A
AT P& A% HFoN 7] 4FE FFS
5%% e w HuAEd =gelr|7HA] EE 7]
10-13Y ©]ch ey B AFoMe] Aty el 39
7%°]732] e XL FrA ALt HFE FA
T 121%% =& Al A& Al xE JFesliA T
717k Aotk AL & & Ak olge Ha |t
A IE 27 g3E ol ¥MluA Ekon, 19
w2 HF FAET} Fof 1o Bl 7HA] 7]3te] Aozl
Aoz Atdrt Kang 5(27)% Hong 5(28)< 4+ %,
EEARA 2 Al Al A 2] 42E 555, 6%% Bk
o, Zkztel| A 10, 9Y LE7|Tte] AgE o] B ATtolA
Hop g 28Uk Eoa Haskglow, Koot
RyuQ9)= Atahl 2 whg Al ek 3hefo] 6%olst 4 &
Aoz At WS8R 8% Y W= acetic acid
Zohte] Aol FH o= o] Folx|A] dtial ST
Sung 5(30) At 2 W Aol wEH 438 §hakol

6, 7% W= ZAE 7% 27 71A] 39 AQEYC
o, 438 3k 8%2 A% 4, 9%21 7% 5¢ A QEUct
wlha o]9} o] Mg AFEA dukror dxS ok
o] =& u H1 Ao =E7A] @HE7|te] Aot
AT HuER 43 e 22t A3 wg 7|7t
JIEe FE AS < F ddg

Table 1. pH, total acidity of lemongrass vinegar

Sample” Before fermentation ~ After fermentation
" LV 3.62£0.00” 3.13£0.05
A 3.6820.01 3.04£0.02
Total LV 143001 721£0.04
acidity (%) v 1.31£0.07 742011

ULV, lemongrass vinegar maded from brown rice wine containing lemongrass; V,
general vinegar maded from brown rice wine.
Walues are expressed as meantSD of triplicate measurements.

welg

gl ek 2 %20 fed T 4 23+ table 29
Zo] fructose”} 0.81 g/100 g2 7} B3k, glucose,
sucrose, maltose= A Z5A| &3ttt Joo 5(2)< HAEH2
o] ] g2 Z A ZAY glucese THgo] =A Uk,
ol TES &8 HaFH ol 2ohtS AEske] wast
7] wiol] 2AMEE 5 F5o] AL AEEE Ealst
o 2|3 ol T7hek A2 Hasgith A &

AT E HEFY AZ F2U PPUB o] 1Y
& AU ARl F hedle] 2T e 2Ah

¥ F FEI ARl 457 wEe] v Ak
Hol Ao g Akd Qi) B3 Shin S(31)0l wt=m ZAhd

8

78 Ho|al o] wf sucrose”} 7HFHA AH]E] 3L glucose
7} fructose Lo} 412 0.2 42| HYTHAL sisl=T], &
T 2= T g 7|7te] dojHe] mhe} glucose, sucrose=

Table 2. Contents of free sugars (g/100 g) in lemongrass vinegar

Glucose Sucrose Maltose Total
v)  081:000°  ND” ND ND 0.81+0.00

Free sugars  Fructose

"LV, lemongrass vinegar maded from brown rice wine containing lemongrass.
Walues are expressed as meantSD of triplicate measurements,
3)ND, not detected.

71

A2 agks Az {714 244 7= table 32 Z2th
acetic acid”} 3,658.58 mg% = 71 =3koH, augSo g
citric acid, lactic acid”} Z}2} 214.66, 159.44 mg% = EFE:
31, malic aicd, tartaric acid, oxalic acid =3 A% 3H7-3F
Ao 2 FAEA Joo 529 F52 ] &3 LR An]A]
f71E A AFNA FES ol &3 AT HRe &R
o] &3t AP EE Ar|H x9] {74 BA% A3}
FES ol g3 gy o7 e 429 7 acetic aicd
7} 2,507.0, 3,741.4 mg% = 7} =9k ThE O 2 lactic
acid, malic acid, tartaric acid, citric acid, oxalic acid& <]
2 A Hlow, ARE o] &3 Y YR E A
3+ ZA3}o| L} malic acid, tartaric acidE trace™t &= G-9|
2t ato] & AFof vl =gk A IS ZR1SH3A T malic
acid, tartaric acid-& AF2}, Exo] Bol g8 f7]4ko|H,
agfoluf A %o 4o JEFS F= T8I JTOR(2),
B AFAANE F5F o] &ste] o]l f71ikso] thgs
A AZEEe] A7t F

71,
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weloto| = B2

Anle} g Z ek F5S vhete] HES HRTA S
Zabrgel gl etk 220 frejopn| gt ks A
gt A7} table 49} 2. Glutamic acid”’} 232.64 mg% ©.=
M=o FdFS BYm, SO histidine, alanine,
proline, aspartic acid, leucine®] Z+Z} 129.08, 112.31, 102.87,
68.85, 62.56 mg% > = UEFHTE Lee 5(32)2 FEA7IE
7 ey 2l dnla 2] feElopr] At B AT
FEAVIE] BT E fEobn] et dhako] feolHo s
Egon, FAujgFelA Fo frejor] ik alanine,
valine, luecine®] 112, 1B QoA FQ 2 oln| =2k
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o

alanine, glutamic acid, leucine, valine, proline .2 & -2}
A8 298 BT Joo 5O FES 088 AF
WE AT ALE o] §F JYALER F=S LHAL

el fRlolAte a3 FEE ol §a
IE AR A 27} 20468 FTHAL SO, TR
g dAn|Axe] Foolu|AtO R glutamic  acid,
glycine, arginine, alanine, proline, tyrosine, valine, leucine 2

2 Yehy & d-ddel frAskel

O P

)1\_]._

&

N
S

= EolH= &2k U ABTS 2iHZ AHEA

s g7l ol @ A%l Sojsle e S o
Mo JPaz Aeax AT BUIP AR
Jehle 2452, 1 277} W9 ddeln ZelusR
= olo] i) 3ol WAlneF shbrt 4R
A8 HRER o @ 54717} 270 o9 AL Eels
wolg 3] Behuiolc: FeldnRel 2 RRolth

il

Table 3. Contents of organic acids (mg%) in lemongrass vinegar

T2 ZAA-FEE A A4 A5E (2017)

s ES FAIE B8l AT deagT
Z90] FHg sl g&ol2e] A olE Pz At
gz P45 A = s 5
YERATH33-35). &l =18}~ isoscoparin, swertiajaponin,
chlorogenic acid, and caffeic acid &< Thet E2]8ES
FRota Sl Aoz HaEArk34).

gl ek Ao} gk £ JA7H dE sk
5 H7bl mE HliEaets AR F Eejuls I
Z} ABTS &)z 2AZH S E431 T £ 242} table
5¢ 2ot dlEaeks FEVF EREFHE S o] &9 A2
% Z¥s TS 4909 pg gallic acid equivalents
(GAE)/mLo|™, ABTS 2}tz 2A /& 4% 2.5% 5%
oA 432%% EAHJoH, PEaets 22 Fg F
EelHE ool 568.6 ug GAE/mL, ABTSZHt| 2 2272
o] 58.0% % LRF WEFH 2o Hl3| Fo]H o R EH
vebgth dle ek Az B 3, 5% JAS A FE

%
g

Organic acids Oxalic acid Tartaric acid Malic acid

Lactic acid Acetic acid Citric acid Total

LV’ 8.96+0.19” 43344592 50.87+15.04

159.44£15.48 3658.58+30.29 214.66+111.13 4,135.85+44.21

"LV, lemongrass vinegar maded from brown rice wine containing lemongrass.
Walues are expressed as meantSD of triplicate measurements.

Table 4. Contents of free amino acids (mg%) in lemongrass
vinegar

Free amino acid LV’
Aspartic acid 69.85+3.76”
Serine 56.96+2.27
Glutamic acid 232.6419.08
Glycine 16.8112.63
Histidine 129.08+4.94
Arginine 15.20£0.26
Threonine 52.69£2.61
Alanine 112.31£2.58
Proline 102.87+3.66
Cystine 23.92+0.44
Tryosine 20.71£1.34
Valine 55.79+1.65
Methionine 1.29+0.06
Lysine 44.65t3.38
IsoLeucine 34.6411.84
Leucine 62.56x1.73
Phenylalanin 59.34+4.02
Total 1,090.30+2.82

ULV, lemongrass vinegar maded from brown rice wine containing lemongrass.
Walues are expressed as meantSD of triplicate measurements.

Table 5. Total polyphenol content and effects on ABTS radical
scavenging activity of lemongrass vinegar added with lemongrass
extract or powder

ng gallic acid equivalents ABTS radical scavenging

Sample”

(GAE)/mL activity (%) at 2.5%
\Y 490.9+5.17% 432407
LV 5594434 58.0£0.5"
P3LV 825.5+4.0° 81.620.4°
PSLV 895.7+4,28 91.0+14°
EILV 5047422 7° 540+1.5%
FILV 619.9+1.2° 624123
E3LV 783.3+18.4° 68.8+0.7°

"V, general vinegar maded from brown rice wing; LV, lemongrass vinegar maded
from brown rice wine containing lemongrass; P3LV, lemongrass vinegar added with
lemongrass powder 3%; PSLV, lemongrass vinegar added with lemongrass powder
5%; EILV, lemongrass vinegar added with lemongrass extract 1%; E2LV, lemongrass
vinegar added with lemongrass extract 2%; E3LV, lemongrass vinegar added with
lemongrass extract 3%.

Values are expressed as meantSD of triplicate measurements.

IWalues with different letters (a-¢) in the column are significantly different at p<0.05
according to Duncan’s multiple range test.

H 3reFo] 47} 825.5, 895.7 ig GAE/mL, ABTSZH]
Z A B4 o) 242} 816, 91.0% = F7bEol wak o7 o
2 Z7hke A& Jeigth deags 455E 55
N 1,2, 3% H7he A5 & el kol 247 5947
619.9, 783.3 ug GAE/mL, ABTS&}t]Z A7 &Ao] 24zt
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540, 624, 68.8% = F Eelulw T A5 H71=e wet
ooz Frtehe A4S Jeld oy, ABTS gz
2AGA B 3% -7 o] {229 Aol & VR
o} o]gidt A= Jeong S(12)°] EZE|H=Ee] dF<
quercetin®@o| F& Ao R el FHA2E LEAZ
sl & Zejulls s A 27 33.3 mg/100 g(333
ng/g) = Hugh AW gk Aoz ATt Ju 5(16)
7} Lee 5(19) # A, 2R A o)A A=z A #E1A
B 37wt foF e g gfd o] okt
3 3T} T3 Cheel 5(34)°] wEd HEa1gtAE A
f2l7] 2AGA ] glon, ol HEagtrd FiE &
5] dF0l ZetE wo|EF dtekn AU S Hel
T Buste], E Ao glEagks B8 d, &
o Hrlgo] EoldyE F EFHulE o] EolA|u
ABTSAHTfr2]7] A4 o] Folxl A3 frAkgh 7 gko]
Atk Yi 2Dl WEWA s o] =5 A=
g7 vy S-S 35% AUek] A28 A%
stod A9 & ZYulE gl 7247 1,546.6, 2309 g
GAEmLE | &1eks A 27} nl&itaddx Brhs Y
g A x Bohe =9t ABTST 2 A4 & njsgt
4%, A Z 2% =AM M2 620, 17.9% 2 d&1
2h2s A 27t AR RO S8t v AR ETE
ot W Ao E yehgont th gleagts Ax Az

Al dlEeks Gbo] T UTiH] 5% 2 Agelld Hs
1A ) e Ao Alsdn b AEH W
o7 Azste] thFR f71ake] TR ezt 4|
geage 28 5L F2EE FHoR Hrlelel AF
< Azetgls W Fas} 71go] 4 e xR
&8 ¥ Ao AsdEnh

2 ¢

2 AFe AFEolA ApulE dlEaetas E83 A%
o] AR SAT FA5Y 18la ik G S Yol
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