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Abstract

This study was carried out to investigate the physicochemical characteristics and antioxidant properties of mulbenry
juice (MJ) and mulberry vinegar (MV). MV, with acidity of 6.05% and a pH 3.06, was obtained from MJ after
8 days with alcohol fermentation and 20 days with acetic acid fermentation at 30T. After fermentation, the major
sugars in MV were lactose, glucose, and fructose, showing 1,310.06, 293.20, and 41.25 mg%, respectively. The
major organic acids in MV were acetic acid (2,725.59 mg%), citric acid (524.66 mg%), and succinic acid (480.63
mg%). The total free amino acid content of MV, such as lysine, arginine, phenylalanine, and tyrosine, was 34.52
mg%. MJ and MV showed radical scavenging activities with respect to 1,1-diphenyl-2-picrylhydrazyl (DPPH), hydroxyl
(OH), superoxide anion (O;), and nitric oxide (NO) radicals in dose-dependent manner, which were closely related
to the total polyphenol and flavonoid contents in MJ and MYV. In addition, a strong scavenging effect with regards
to the OH radical was observed in MJ and MV, an ICs value of 0.04 pg/mL. In particular, MV showed a higher
O, radical scavenging activity than that of MJ. These results suggest that MV can be used as a functional vinegar
with antioxidant activity against free radicals.

Key words : mulberry, fermented vinegar, antioxidant activity, acetic acid, free radical
N B WA 5l DNAS &/JA1713L o), o, s9gs), =94
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AUA W A2} BFA R HiAr IFoA B s = /At
A-Z(reactive oxygen species, ROS)=
(SOD), glutathione peroxidase, catalase®} -2 *
aof| oJsf| AFstA AAEC] AE W 4% dAgt A
7)50] I o|2jA =S ST, et ROSO] A4
2 Aok AEAAS usie] Ao 74 4Rl XA, T

superoxide dismutase

A kst

(Furukawa -5, 2004). Nitric oxide(NO) peroxynitrite(ONOO),
nitrogen dioxide(NO,) 6= EFore /- AF(reactive
nitrogen species, RNS) E‘?_]' A 0 AEYG AlE A7)
EAS AFPA7|= AoE dEA glon, ES] NO= 0,9
2A ¥r85la] Hk3-Ao] UH Q =2 AI5IA|Q] ONOOE A4
s1o] ) BAj] ASF 4 T A v BlERE ol £4F
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< o7|AlZItK(Darley-Usmar 5, 1995; Patel 5, 1999). <
o= AEZ &3l HFIsk= BIENl C, HERl E, E2H=
sikE 5] AltolA s = A-gsto] Aslof Hfgt &
3= NAAA 4= Stk A7 BEago] wet 54 9 2
&l izt A A71E Qe @ AR ES A=
= Al el A akstAe] gk A7t &EsA o]
2021 QthByun S, 2020; Choi 5, 2015).

Alz= 7P eE dEAR] EE AE F9 shE, 4
= 2% 4 5179 FrE Fofsto] Bk FH5H st
AEE S| ZuEE Eo| o-gEojgitt. &yt ofy
2}, Aol 4A &l 4= iz, 48}0] FHlE SXIAIA
27| 52 LiokA Atk FEA qlom, HH7RA,
W23} 59 a7} Sl A7AREo It Lee 5, 199%). A%
£ Az ol vt H2A T 2ARS S5 & oAt
ojuf B 59 4% RS H7lsto] e 3AEe
I, HLES YER HAAA AFohs TEAZ(YRA
22 FESE $ ik a2 = IR 7S HEE oo
ano] o) go] ¢FLE AT 2Aktof o ¢T-2o]
AR R A9t R 3L Sl AlREH, da 2o
A ARl AR 22 frklo] QIA|1Y] Rt SAgAAE
AAsRs I shttal =4 ItkBudak 5, 2014; Turker
5, 2014). THAofl= /gA 27 AR 717to] BAL, 71HFo] A
Folo] Aoz Wol o]gEo] gou, Ax 11579 FH]
7F REShaL WA M 9 A Al AtEE foEE
FAI-o] Al71=]0] HToll= A APE S5 Ha Az
ozt Tilo] S7FL = FAllolH: A8 WaAlze U=
of et 24k o]Qo] Tttt R4l FEE, ofliAl © 7]
5/ E450] ZFEO] Hkal HarEr glom, ofof w2}
Anl, A, 2, oA, EEAF 5 IRe 1S o83t 4
%5 JskA} sk A7t &) o]FofR| 1L Sl FA0]
H(Park 5, 2016). T3 AE YBAIZE= Lo} U], G 9
S} ot ofue}, mF wlg i, AR A4 a
5 THFR AgjgAdo] Harxo] ws] Zulgrt ofd 74
FO08A AHAE] o] HES| F7elal Jltk(Hwang
5, 2016; Jeong &, 2016; Lee 5, 2012).

Qt(mulberry)= BT (Moraceae)o]| &ok= U
(Morus alba L.)9] FUiZA] =5 ‘AP = E2H, &
o, Y23, BIg, 19Y, WA A=AZ g o]&Eo] &
THKim, 1991). 2t FZ5°] et FYEY d+== 3T
I, PAS, HE 59 Zpt HarEo] Qlom(Sondt
Choi, 2013), ZI55 §-7|AFS H]55}9] anthocyanin MAE- Tk
T oHRSRAL STt A lo] MAMA Aow EEE
7Fs/d0] &2 Aog AYEKSong 5, 2009). 14 2H
= 2717 AL 88t oy}, 8 ool ot Rt & I

oLt Aol Wojx)7] the] 1 o} §-8o] BAF Wi,
A fREe orle AEslel ord, orE, oY 5
U0 ez ol§H 1 glof Tt 71F AF A% 8
Eol] B @77k 2753 YrkKimt Ryn, 2000). A2
714 o] Tt AR orje] Feish olsishy B4
(Kim 5, 1999), 2] JYAHE L MA(Kim 5, 2010), 2]
7152 BN At G B2 B4 that A7t R
ol o}, orE ol WaAx A% U B 54
79, o] o83 el BH AT FL wlgs Aotk
wWepd £ Golis QU o]gste] A Wl 24
£ Bl W% WAN2E A2 7, ol5shy i 2y
EAel A B TEAE F Shiel At Axe B

1

HEL

ERTRTT

Mz A Ao

2 Aol AREEH Y& 2018 6o BE sksollA
o eH(@E 290, £ § 40T FEalollA
& EAsiqlal, B a0l wet A2olA siaste] ARSIt
(Fig. 1). et /42 BlaLshr] 4%t At 41%(Ottogi Co.,
Ltd., Seoul, Koreay= TtEO|A FU5to] ARESIATE 1,1-
Diphenyl-2-picrylhydrazyl(DPPH)®} 2-deoxyribose+= Sigma
Chemical Co.(St. Louis, MO, USA)°f|A] SLdoto] ARESH
a1, hydrogen peroxide(H,O), sodium hydroxide(NaOH),
acetic acid+= Junsei Chemical Co.(Tokyo, Japan)ollA -5}
ATt Tiobarbituric acid(TBA)SQ} trichloroacetic acid(TCA)=
Z¥Z} Acros Organics(New Jersey, USA)?} Kanto Chemical
Co., Inc.(Tokyo, Japan)oll4] F-QI5to] ARESIATL). FeSO, -
TH,O+= Daejung Chemicals & Metals Co., Ltd.(Siheung,

1 900 200 220 270 280 290

Fig. 1. Mulberry used in this study.
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Korea)©J| 4], phenezine methsulfate(PMS), NADH disodium
salt, Z18] 11 nitrotetrazolium blue chloride(NBT)+= Bio Basic
Inc.(Toronto, Canada)o|A] T-QJ8}Sitt.

AT A E 5 A% SHOF Saccharomyces cerevisiae
KCCM 11215 252 AFg3lglon], 2AMIES o5 241
o 2L B A Ao Ealelo] RIS} Q= Acetobacter
pasteurianus A8(Shin, 2013) 455 AREolct axe) %
Abdt BZE8 vl YPDA(0.5% yeast extract, 0.5% peptone,
2% dextrose, 1.5% agar) BJA|S AMESFIcE a2 9 2ANF
St v Q7S HIAI(ES= 1 Lol 71571 200 g 7Fst
a1, 60TolA 2A17F B3t & ojifsio] ofbS 1 L= 2437
 RICO 158 BB A8eIch T2 52 WYL 9
Sl 71841 100 mL7} E°] Q= 250 mL Erlenmeyer
flasko]] YPDAH[X|O|A Athejdst S, cerevisiae KCCM
11215955 1 9WiFo] H=E351ar 30C A8 vjYF7](IS-971RF
model, Jeiotech Co., Seoul, Korea)ol|4] 160 rpmO.& 247t
Ak vjofelo] AT WRS e FTE ABIIAT, 24
4 Z% HjoRS Q5 1%(v/v) oEHSS B35 97|24
100 mL7} 9] &= 250 mL Erlenmeyer flask®]] YPDAO]|
A Aiuiekst 4. pasteurianus A8S 1 0] FE51a1 30T
g viF7](IS-971RF model, Jeiotech Co., Seoul, Korea)o]|
A 160 pmo.2 3917t g} vjofelo] 2AMIES O3t F
= Agsis

QL] FAS} @r| A x| A=

A4 s5et Qo] A9 ETRS =o17] {5 A
-8 pectinase?! plantase™(Bision Co., Seoul, Korea)S 3=
2 goll tiste] 0.4%5 H7Fstal, 45CoA 2417 A2t &
oz Ayl QUyFAE A|XSIHUTKKIm 5, 2017; Lee G,
2018). Y] FA0] Hg-g 7Iolo] § EEE 15 °Brix® &
Aol o, A3t QujFAE 2 L 3H(SCHOTT, Mainz,
Germany)©]l 1L E55l0] 80T oA 1587t Akfet & ARE
Sltt. At A & AR o7 WyZst Q] F£A0f Wop 2
2o WAl B2 vigkE AR FEE 5% BT Y5
9 30CoIA 897 AR, TaAA A LIRS At 4TS
g 71dS ARSI g3 dark 4 $ 30CA 3
Azt A w2t SE2E 5% FIHIER FHFSAL
30CoA 2097 A5t} LRAIHTE
pH ¥ & &4E =3

A= JAEE]7|(MF-550, Hanil Science Industrial Co.,
Kimpo, Korea)of|4] 3,000 ipm =& 1587t ¢4 25t & 4

SHE F5}to] pH meter(model 3510, Jenway, UK)S AR&5}
of pHE 7751310, A= 94 £23t Al= | mLE pH
8.240.17H] =5}A171=H] A8% 0.1 N NaOHQ] AH| mL
= Fotal, off AofAe} o] gHitstgirt

Total acidity (%, acetic acid) = 0.6 x 0.1 N NaOH AH[2F (mL)

221 {14 24

SEg 87142 HPLC(Agilent 1200 series, Agilent
Co., Forest Hill, Vic, Australia)E ©]-8-5o] A5} tHCho
S, 2008). FEF= EA5H] s Al= 5 gofl = 25 mLE
7}olod &9l & acetonitrile= 50 mL7}A] AHc) o] A
sep-pak NH, column(Waters Co., Milford, MA, USA)3}
0.45 pm membrane filter(Dismic-25CS, Toyoroshikaisha Ltd.,
Tokyo, Japan)&2 TRt 7] A|@-8H 0z AMESITE & &
A column(Polyamine II, 4.6x150 mm, 5 um, YMC Co.,
Kyoto, Japan)°ll A|E-&H 20 pL& Y5z, 35Co4 ol
A} Lfj(acetonitrile:water = 70:30(v/v)E 1.0 mL/min £&
2 olFA|Z|HA] refractive index(RI, Agilent 1200 series) 7
<7] oA g dEsIelth

714 A4S sl AlEE FAEE7]O14 3,000 rppm o
2 15870 94AEEs & AASNS 02 pm membrane
filter(Dismic-25CS, Toyoroshikaisha Ltd.)Z ojZ}5}3ct. A
A3t A2 20 uL2 TSK gel ODS-100V column(4.6x250
mm, 5 pm, Tosoh Corp., Tokyo, Japan)©| ZZ+=] HPLC A]
AHlof| EJstar, 30ToA] o]E4 -81(0.1% phosphoric
acid)2 1.0 mL/min £LE & oJ5A|7|HA UV ZHAZ7]
(Agilent 1200 series, Agilent Co., CA, USA) 210 nmofA]
R AESIIH f714ARS 22 270E EARE ®#E
714k AFAT vlwsto] Asigion, ZF A 33
HHE Sgoto] Wt U FFHEALE YERAITH
sajoto i 24

FeohieAR2 Al 5 mLo] 5% TCAE 5 mL H7}s}o]
L4 E2](10,000 rpm, 10 min)3t ThS 0.22 um membrane
filter2 o¥}olo] A AFFME ofu| il ApgHA]7](Model
L-8900, Hitachi, Tokyo, Japan)g ©]-&5}o] £33 tH Choi
5. 2019). Z+ A2 33] vhE =dfsie] Ho 9 BEHAR

ol

sEays ¥ 2EaRLOE MY

SETVE T2 S5 Sl A= 100 pLet 10%
Folin-Ciocalteu’s phenol reagent 200 pLE &35t 5 700
mM Na,CO; 700 pLE & 412 & 3027 4=20f L2513

A
0!
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t}. Hkgo] ' & 650 nmo A TS S751% 1L, gallic
acidE o]-83F HFAT} v slo] pg gallic acid equivalents
(GAE)/mLE %% le TS eI

S| HREE 2457 9P A1 150 pLok %
NaNO, 75 pLE 412 & 6871 Al-2of|A] HA|5}1, 011] 10%
AICl 150 uL2 A7Fsto] thA] 5E7} st 1 &
NaOH 750 pLE Z3lslo] 1587 HFS-AIZ] ohe 492 nmoﬂ
A =S S0t S5 o= T2 querceting
o]&st AR} H)wslo] pg quercetin equivalents(QE)/mL
2 uehyoidt

1,1 -DiphenyI-Z-picrthydrazyI (DPPH) 2iC|# A%1s

DPPH 2]zt 4275 Hatano 5(1989)29] HlHo g =4
5}t Ethanolo] %91 Z]' S AlE 100 pLe} 60 uM
DPPH £ 100 ULE 96-well plateo]] &35}0] 3087 AL
o BFAAZ1 &, 540 nmollA FYE=F Z7g513Itt. DPPH 2t
Oz &AL o 4o i} Aletgon, AlgE A7t
A ok diziy} v|wste] 2od AARNE WEETt
ICso= YEPH LT

DPPH radical scavenging activity (%) = 100 - [(A, - Ay) 100 / A]

Acs B ARE VIR AR Aves blankE H7IRE H
2 A /‘]EE 7“‘7]—0]—1] oko EH-JZ—TE_LA __,]_]—E 7L§ =3}

Hydroxyl (OH) EHZI; P 27

OH g}tjz+ A75-2 Chung 5(1997)9] P02 =5}
At} Fenton BFgof @&} 10 mM FeSO, - H,O-EDTA9] 10
mM2] 2-deoxyribose solution®} Z+ 5= A5 E 915t tF
=, 10 mM9] H,0,& 37Fsto] 37CollA 4A417F vliFstoitt.
e E3tlof 2.8% TCAL} 1.0% TBA solutions -2
T 2087 2o A2l F, 490 nmollA FFEE S5
OH |z AATE the Al wet 74]’&"]‘95\3“1 Al &
A ke dat vlmsle] el AA RIS MRe
I} ICs= YRl

OH radical scavenging activity (%) = 100 - [(A; - Ag) 100 / A]

A 5 ARE R R Avs blankS F713 o
22 Ak ARE WRK g tare) BYE 78 Fai

Nitric oxide(NO) EH:F” 275
NO )z AASE Marcocci 5(1994)2] B o2 =4
S}t 5 mM SNP solution¥} methanolof =91 Z+ 5=

ABE S9toto] A2oA 15087 BRSAIFAL, o] Bk
SIH-E- Griess reagent®} SO 2 96-well plateoﬂ ZF915}o]
A-L2of|A 3087t HH%]ET_} 5l 540 nmojl A SFE=E SHSIG
ok NO 2z &A% the Ao w2t Alklslon, Al
S Wb She st vlastel eig 27 a3E o
&3 ICso= UERARATE

ot

NO radical scavenging activity (%) = 100 - [(A; - As) 100 / A]

Ak BEH ARE W7 Y
Q22 AL AlRS HlelA) gL qu
Bt

Av= blanks 7ot
7] T 2 £

Superoxide anion(Oz*) eillE &7s
0y 2z £7%-2 Nishikimi 5(1972)9] o] wht
=5ttt 7t r AlZo] 0.0 M TrisHCL 0.1 mM

PMS, 0.5 mM NBT, 71231 0.5 mM NADHE s3tsto] A
20]4 1087 ¥EGAIZ] B, 560 nmellA] FHEE S0l

T 07 ShEl AR TR 4] et Aelglon, Als
2 WA e iz vmslel ehelg 2GS
223} 10y kgl

05 radical scavenging activity (%) = 100 - [(As - Ay) 100 / AJ]

AL 5= ARE IR A
Y Ak AlRE WS gk 3

A= blankE A7FsH
-1—1_4 B AE =

3.
EAEA
R Ao S5 ATk B mean)EEEAHSD)

e M_‘:ﬁl, EATE 70l Statistical Package for the
Social Sciences(SPSS version 25, IBM Corporation, Almonk,
NY, USA)Z o} 85191}, 9] 249} o] 42719] ofsfs}
A EA 9 FE BAL Student’s t-testS Eof So4E A
Sotgom, g A ES BAREA(ANOVA, analysis
of variance)2 7%t & Duncan’s multiple range testS AR
Sjof Molnte] FjolS BNt BE BAH Ropge
p<0.05 oA ASSIAT.

Za & aH
or| 4z9| pH ¥ ME
Qq Az Az oA I3 HE Y F =t &
F& o] Wsts =73t ZHE Fig. 240 YeRQIct &

- =2
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F2 Iarh Ay vk 9t 271(09) 14 °BrixolA
29 A 6 °Brix= FA5H| A4S, 1 & A 4
sto] L7I(8Y)l 5 “Brix2 UERTh AFE g Eavt
Aol vzt Sk, 27109)0] 0%ClA 2840
4.0%% F7F6lAoH, W7I(8D)ol= 5.8%= ekt wk=t
A, ¥FE IR S B AUt 92 Ea VIR ol
sto] 4T YT Aog AmEH:

24 AT F oY Az pH B 4t 54 AWE
Fig. 2B]] YERfiIch Ha A Q] 429 F A= 270
A)of] 0.40%0NA] 4D} 8LA 22} 2.88%2} 5.20%= FA 5}
A S7Fekom, B71(202)°0 6.05%F Uet= Zie <l
SIATE 24 Ax29] pHe 271(09)0]] 3.900% LERtor,
49719} YA 27} 3.46, 3132 FA319, Ta T 2097
pHE 3.0608 et F A7t S715to] wiet pHYF 74ss
= 24& € S AT erHoR A EHT} XFo] =
FAhto] dFE2Z oUA e o §siAY, Tar|dR A
83101 7714t acetic acidE AF/dst] WiZol AHe7t oA
3L pH7} oAl @ifo] WAttt 2 At dart X
ol wet ikl ofgt fr14ke] PO R pHYF thar B
ol Ade eIl Aoz AmEn AE S 4
Zo Ozt F4 FA0E J4 FFES 4-20% WA= Hhs
QO (KFDA, 2020), 21 420 A=t o] gt 7120 4|
ARE 22 RISt

A)g - 116

Alcohol contents (%)
£
P

Sugar contents (°Brix)

== Alcohol 1
=O==°Brix

0 2 4 6 8
Fermentation time (days)

Total acidity (%)

=0=Acetic acid (%) |

=O=pH

0 4 8 12 16 20
Fermentation time (days)

Fig. 2. Changes in alcohol and sugar contents of mulberry vinegar
during alcohol fermentation for 8 days at 30C (A).

Changes in pH and total acidity of MV during acetic acid fermentation
for 20 days at 30C (B).

or| A9t or| Alzo| falg sl
Q] FAC} A120] fE| RS Z73 23S Table 1
off Uetilt}. o] =49 & FEF A2 5,514.17 mg%
2 F9 AHofE= fructose(2,870.83 mg%), glucose(2,643.34
me%6)7} FIElgon, orf Hze] A & el Bl
1,644.50 mg%= TASIAI, T2 AAEL lactose(1,310.06
mg%), glucose(293.20 mg%), fructose(41.25 mg%) O & L}E}
WTh olEfgt Aif= o)A Aol Hofjeks: FEEE AX
ok A7 2| 717 E<F glucose®} fructose®] §Ho] A
SIRths 29t FARIGIEK(Shin 5, 2017). Hong &
(20122)9] A+o] WEH, o] Hashe A2 IR I
5 2070 oA} 2802 Qls) o] R Ao A
7, 9B oieleR olgEy] uEolkn Huslge
™, Sim 5{(2016)9] AAtolA= A% URE A AN T3
22 ol83jo] 4be ASI] Ho| BadE AL 13} &
9E F Wolghs ATC] 480 <la| o] el
=Rl Aoz HAsiyitt Hh, oY 2]Z0f|A] lactose|
ol Z71et A2 TIT & Ukeel, FHA|e] orj of
&3to] A2E AT APAFoAE Ea F lactose?} &
Hsjo] 3 418 Azjo} SARR 28-S Uerigion olo] o
3 Z7k4jel @77} Basha HZEcHCh 5, 2012)

£ o
N ORUOE

)

or| FA9 or| Mol 7|t sl

Uik Aze) RIAF HRE Aze] ELa} Alo]
203 YL AL AR YA Aow, TCA B2 3
qote o) 24 2ohE AN J1so] Uk Bad
H} QItH(Nakanc, 1988). 'U& |50 W& |714F =S 4
HE ZiHTable 2), TE A oY FA9 FQ {74
citric acid2 616.74 mg%7} $F-Elo] Qilom, 1 tfeog
succinic acid”} 153.34 mg%, acetic acid”} 12.95 mg%, ~12]
11 oxalic acid’} 1.99 mg%7} AEE ULt 2t] Ax9] HL,

Table 1. Changes in free sugar contents in mulberry juice and
mulberry vinegar

1
Free sugar Sample t
o -value
(mg?%) M MV
Fructose 2,870.83+205.59% 41.25+8.84 23.816™
Glucose 2,643.34+132.57  293.20+34.86  29.696""
Lactose A 1,310.06+134.34 -
Total 5,514.17+337.86  1,644.50+161.68

YMJ, mulberry juice; MV, mulberry vinegar.

'Values are mean+SD. ” ",
ISignificant difference by the Student’s t-test (" p<0.01,”"p<0.001).
“Not detected.
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Table 2. Changes in organic acid contents in mulberry juice and
mulberry vinegar

Organic acid Sample” t-value
(mg%) MJ MV
Oxalic acid 1.99+0.32% 3 -
Citric acid ~ 616.74+14.41  524.66+27.88 34381
Succinic acid  153.34£1.36  480.63+63.57 8916
Acetic acid ~ 12.9582.72  2,725.59+177.33  -26.493"
Total 785.02+13.45  3,730.88+263.86

UMJ, mulberry juice; MV, mulberry vinegar.

Values are mean+SD.
*Not detected. . i
YSignificant difference by the Student’s t-test (p<0.05, ~p<0.01).

acetic acid7} 9 S7)Aolglom, 1 RS 2,725.59
mg%% YERGTE oJojA] Qt] A% citric acid”} 524.66
mg%, succinic acid”} 480.63 mg% O & =0, oxalic
acidi= HEEA YoUTh o] A+t =W ERALE o&
St A1%9] 7L acetic acid”} 5,321.71 mg%= 7F3 Bkl
(Hong 5, 2012b), malic acid”} 348.26 mg%, succinic acid”7}
14091 mg% O =2 HEEUOH, X& FFS o83t 14t
T A %0 A= acetic acid”} 10,085.6-10,351.4 mg%, malic
acid”} 305.2-317.4 mg%, citric acid”} 279.9-311.7 mg% <=
02 FA YEPdTtHWoo 5, 2015). FLA|E a2 %0] {7
AF 24E S5IRE W acetic acid7} 7P B2 TS
Uehfol(Lee 5, 2019), BHaAl20] 29 97]40] acetic
aidO 2 ¥ A7} ol AFS AT 5 Yo %
Tite] 74 48 ol Aolt Qs AL W A] o}8]
L THe) %5, 2AES] 57, HE 2 9 ojga] o}
o ch2 A e A0 YeA Alrk(Back 5, 2016).
Sl d9tg & AlxoA ¥g AHET} citric acid2} succinic acid
7F 3713t A & $71 A%k, ol ¥Ee) EA5k= 4
0| AZZ o|PE|QA, WRE F FAREo] Ao Ut
W A og 7=, AU TCA cycleoA o-&5= 8
714ko = A Adeo] wet 2agt 24E A Hgkd &
Ao A Y 432 Ak Evs & F U AR
Atz EtHLee 5, 1999b).

or| FAQL or| Alzo| Qalotn|Lit M3}

Az0]| SEo] Qe oAk Amof wet Ax0f gt
off YT 0, 247 Aol weh Az FHo IFe
UAlE ALE A Stk o A0 ot A29] f|of
o)At SRS B AIE Table 30 YERAQICE o 5
20} Q] A%0] ofu|iAbe: 747} 31F0] HEH 0w, &

Table 3. Changes in free amino acid contents in mulberry juice
and mulberry vinegar

Free amino acid Sample” t-value
(mg%) MJ MV
Aspartic acid 18.29+0.03” 0.55+0.04 597.677""
Threonine 2.75£0.00  0.89£0.66  54.412™"
Serine 7.78+0.01  0.26+0.04  336.006™"
Asparagine 58.76+0.05  1.224021  451.801°"
Glutamic acid 13.82+0.02  1.02+0.12  185.357™"
Sarcosine 1.03£0.02  0.48+0.25 3.7510
o-Aminoadipic acid ~ 0.45+0.01  0.89+028  -2.713"%
Glycine 1.3840.00 0.42+0.08  20.035™
Alanine 7.83+0.02  0.63+0.07  165.562"
Citrulline 0.39+0.01  0.37+0.15 0.255"
o-Amino-n-butyricacid ~ 0.21£0.01  0.21£0.05  -0.141™
Valine 2.86£0.03  0.81£0.07  46.518™
Cystein 2.66+0.02  2.31+0.17 3.540™
Methionine 1.5040.00  0.63£0.08  17.640”
Cystathionine 0.27£0.01  0.26+0.06 0.221™
Isoleucine 20624002 1224010  24.015"
Leucine 5204001  1.69£0.07 92275
Tyrosine 520+0.02 236+0.12  41.684™"
Phenylalanine 371002 2.99+0.12 10280
B-Alanine 0.91£0.00 0.36+0.02 36997
B-Aminoisobutyric acid  1.44+0.02  1.08£0.05 12310
y-Amino-n-butyric acid 16.73+0.01  0.30£0.02 1,242.097™
2-Aminoethanol 0.96+0.01 A -
Ammonium chloride ~ 1.45£0.00  0.04£0.00  460.085""
Hydroxylysine 0.09+0.00 - -
Ornithine 0.27+0.00  0.96+0.00 -189.639™"
Lysine 321001 4.48+0.01 -176.074""
1-Methylhistidine - 0.02+0.00 -
Histidine 1.65£0.00  1.14£0.01  129.060""
3-Methylhistidine - 0.04+0.00 -
Anserine 245+001 2.16£0.01  64.156™
Carnosine 0.2240.10  0.33£0.01  -1.914™
Arginine 6.68+0.11  4.41£0.09 27917
Total 172.95£0.08 34.5242.18

YMJ, mulberry juice; MV, mulberry vinegar.

DValues are meantSD. .
ISignificant difference by the Student’s t-test (~p<0.01,
Snot significant).

“Not detected.

*

¥p<0.001,
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25 S| A oH F2oA= fEjotu)ieit o] 172.95
mg%P o, o] AZL 3452 mg%hE HAE AL I
g QA Jo 5(2014)9] AFME HIE o] g3t A2E
Az o 4IRS sk A Fejotn]ieite]
o] 40% oV AT HUSHC Al A
g & 9= ofu]icito] A3lEo] AAA 0w Jtfo] 4
st £/8717F SOl ofu|icAke] o] Aashs Zo=
Higo] qitt. @Y A]x9 F£9 olu|i-AR lysine (4.48
mg%), arginine(4.41 mg%), phenylalanine (2.99 mg%),
tyrosine(2.36 mg%) O & #2 TS UEHH o, 372
Algt opm|iAtolr AR BI7F Qekar AR lysine
(AL-Malki, 20157} %o} 573 3 wigk o] T ek
H%0JA ornithine(Moinard 5, 2000; Moon 5, 2012)9]
ol o8 F2o] vl S AL L 5 AL W,
Q0 Az FA0] H|| glutamic acid?} aspartic acid”} 3.
A 43k A0E Ukt ol 4%E HaSHS 1
glutamic acid, aspartic acid?} proline®] 734 Zo] FArth= o]
A B9} A AFS ERAQITK Yulkimichi =, 1987).
Back 5{(2013)9] Ao =9 4dIZ U8 FT5 T v
-amino-n-butyric acid®] o] ¥a HET} Fof AT =
Ao Ueht Z7E HYE ©, o] A9 yaminon-
butyric acid o] T4 A e ofsh Ajo] w2} ol
HY 0= oiz=m, ol & F7HAQl oIt Wad A
oz gz

-

i
o

L FAe or] Azxo| FEImE oEF ¥
z0|E Bt

EvE RE2 A=) Bol HRE] s AEL
2 g 7)) ool AI(-OHYE 7HIAL QloH, 4 e A
AE AlSTOZH BAgAAao] o5l &A1= DNAY Al
o}, chelg] 9 g ao] tiof 34ket A8 583 JTZ S
+ =dolFal EHA UrK(Tsao, 2010). E2HH:ol=x
anthocyanidins, tannins, cathechins 5 Z&]H&0] £3k= 4
HOE CoCy-Cozr 71 THLE 5l0] kg Ei= G4

Cli-]

ORI
W

= UEHH, JAkEIs0] =2 40|t Heim 5, 2002). &
AolA AxE of Az FEvist FEE L0
SRS 245 ATNTable 4), 27+ 778.06 pg GAE/mLS:
294.67 ug QE/mLE ¥a A Q2] FA0| H|s] thAh TAs)
= AS UERSIE ofd Aol mEH 420 A HE
oA ZFEet vl E5lf 280l dojut Fule ol 7
A% B 1% (Andlaver 5, 2000), FjHlolo] B4
Y2 ARG %9 AL, A 2E BHS 5] anthocy-
anidins 3, SETHE o A4 9 1o o st 8

Tt 7hasie A% epfickSugt Chien, 2007).

OC| ZAS} OC| 4|29 DPPH 2|z 44 B4
DPPH 27 47 B/HS ka0 Fes= oAt
ShejzA v ZRehAE o 2 ZKsat, A)
@4o] ol thop A4S PAIS S Fopiz] 9
3 71 A 9o ol&E= Wy 59 stuolch A+ Wi 2
Uz 7R3 Sl H2HA9] diphenylpicrylhydrazylo] 4t
Sl ofef) HARE 42 WOt B7jeiH 02 by 1A
Ql diphenylpicrylhydrazines ¥-/dsto] Sldo] me} Hef
Aol GAEE R2le o}8slo] et 2A5S 2}
(Wang 5, 2005). 2T F2, Q1 A2} Al AR} 4|29
DPPH 2}tjzt AA &S AR ATKFig. 3), 55 10-100
wgiml BEOI I elEHon 47 o] 7kt 4
2 Q1 5 Ak 53] AR ARt 2129 ICy2 67130
pg/mLA o, Q] AL QU AZxe 747} 23.75 ug/mLe}
23.49 pg/mL2 22 7kS Hoj §ylAol DPPH gitjz 47
S ERIT & 3Usler, ¥hao whE DPPH ]z 47
359 2 Folg UehjA] otk o d @7o] mhel o]
FAO & FEET WEE 3552 A% W DPPH,
OH 9 0y el 47150] BE foH0E F7lIse
20 ethyl acetate =-2E2] DPPH 4&A% ECs) 4= 64.9
ngmlLE FdHEaoz ARG 4 AL butylated
hydroxytoluene®] ECs Q1 144.6 ng/mLETE 228 -2 Zh
2 10] 3 A BHL eci B o k0

Table 4. Total polyphenol and total flavonoid contents of mulberry juice and mulberry vinegar

Sample”
t-value
MJ MV
Total polyphenol contents 2) )
(ug gallic acid equivalents/mL) 841.79+13.90 778.06+18.21 4.819
Total flavonoid contents 378.00+13.23 294.67+:58.59 2.403™

(ug quercetin equivalents/mL)

YMJ, mulberry juice; MV, mulberry vinegar.
'Values are mean£SD.

ISignificant difference by the Student’s t-test ("p<0.01, ™not significant).
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Fig. 3. DPPH radical scavenging activity of mulberry juice,
mulberry vinegar, and apple vinegar (A). ICs values in DPPH
radical scavenging activity of mulberry juice, mulberry vinegar,
and apple vinegar (B).

MIJ, mulberry juice; MV, mulberry vinegar; AV, commercial apple
vinegar.

Values are mean+SD. “*Means with the different letters on the bars
are significantly different by Duncan’s multiple range test (p<0.05).

5, 2014; Kwon 5 2005). 2t FA7} A& wgrt Ho

U} DPPH ahcjz 271%50] SAFH] Leht ol 4z0]
B7)410] carboxylo] SHTHCOO)E H| 1 Qo] HAE &
gt 4= Qle A&o] o E o|F &9 ks & 7]
Be Aow Az,

2r| A9 or] 420 OH 2ZiC|Z 47 4

A S AlZ7E 2714 20 =EF0%e 7
nEZEor b AAREACNA Fhelel BitE=t, 1
< OH iz A WiollA EAsh= ROS FollAf AFSH]
SRl 7P =7go] AstaL vkgAdo] vl # IR A
20] 12 415, DNA 4 9 Eehols fuelol ol
St ko] Hhgof FofstcH Althaus 5, 1994; Machlin -5,
1987). /32 7%, OH |2 fenton ¥H-Sof| oJsf Oy
o H0,22E] A=, BHAEEZ2] ONOO'S] 23o]
o] A =7 % FtcH(Freeman®} Carpo, 1982). Q] 4, @
o A% 9 AW A 429 OH e 2ASS A
ZiFig 4), 2H F29 oY Az Bk FHoE 47
o] Z/1519T, ARk AR} 20 S OH 2ojZ 4
A B Uehiov], wad] i ez 47 avjols 2

(A)
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010 ug/mL 025 pg/mL  B50 pg/mL @100 pg/mL

100 b b .
80
60

40

OH radical scavenging activity (%

MJ MV AV

®B)
M |1 0.04
mv [ 004
AV 107

0 0.5 1 1.5
Concentration (pg/mL)

Fig. 4. OH radical scavenging activity of mulberry juice, mulberry
vinegar, and apple vinegar (A). ICs) values in OH radical
scavenging activity of mulberry juice, mulberry vinegar, and apple
vinegar (B).

MJ, mulberry juice; MV, mulberry vinegar; AV, commercial apple
vinegar.

Values are mean+SD. ““Means with the different letters on the bars
are significantly different by Duncan’s multiple range test (p<0.05).

Aol2 UehiA] gkt 3] o] 249} 9] AL ICy
2ol 0.04 pgmLE UERASIAL, 10 pgmLo] & Swol4]
& 80% o]42] 4752 ehlio] OH etz tiet 72
3 QAls} ATE 7L AL SIS, Heba or] Az
o] ofeigt iz 47 EIMe AolH Eeke Aske A

EFAE S5t 2 & Aos AgE:

r| FA9 2r] Azo| NO 2HC|ZE &7 &4

NO: A ol g4 Qs SE Aol B%s
1Y EgRE 75 5 A s 4X 9ae dd
AE

|

(Nakagawa®} Yokozawa, 2002). TESH NO= 723
& 9D FFFA 270 5015 Slsl ot HA
0| k= ArisA Aol AHE vl Hedt
= TAHAY, o 27dA0l STAEE Tsto] BAE
H53ItKLipton, 1999). 124 ZrfslA A4 NO= Oy
o} Aglsto] ¥k3/do] a1 FA4do] A3t 4sHA|’l ONOOE
Agoh=dl, o= @4, DNA 53 §h3sto] Al 4 X%
&A= op7IshaL, gxstolH oy nilEE T 2 EPA
Agoe F83%F 82108 Afol= ACE UBA St
(Althaus 5, 1994; Lee 5, 2009; Lee2} Kim, 2009). NO=
24 pH AHl(pH 7.4)2] SNP -§HollA AALHA A/
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%™, Griess reagent® At4Q} HE3-GF o2 AR AJAJZRS &+
13} 2= QItKGreen 5, 1982). £ AFojA] SNPE o|85}o]
27 RS 2A5 AilFig. 5), 26 FA} o Az

T A oR FISh: A HloH, HE s
OV AR A 205 8 NO e 4 BE ek

Oﬂ/ﬂ ﬁ& 51. 25%9} 45.24%2] 7}(} 553 0 A7 ane

epgon, o F271 o] Ao Hlaf o W 1Cx
@2 ekl A2 0f] 249 § o 3 Sehiols
o] AjHoZ =7] &Rl AOoZ Az ¥ THvan Acker 5,
1995).

or| zAg or| % 1 0

O; Pz 2
Ao] oFsEA|TE 01_1?1__11:1_

etz &7 gy

] A 7P WA BgE AL Bk
A 54E & Ak dE =

glutathione peroxidaseS ga*éﬂ- Al 4 9lom, DNA——
A 0= M| A= F6lA|t transition metalso] A
o] OH 2HjZ A4S A Kaur?} Kapoor, 2002). Fig.
6ol B mie} o] Qx] FA9t or] 4 WE ki ojE
Zog Oy LS AN A0 Ueton, Alut A}

0 Lo EF = 0
HzET T 2 475S Yehfiglth B4 of) 4lzol

A
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Fig. 5. NO radical scavenging activity of mulberry juice, mulberry
vinegar, and apple vinegar (A). ICs) values in NO radical
scavenging activity of mulbenry juice, mulberry vinegar, and apple
vinegar (B).

MJ, mulberry juice; MV, mulberry vinegar; AV, commercial apple
vinegar.

Values are meantSD. “*Means with the different letters on the bars
are significantly different by Duncan’s multiple range test (p<0.05).
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Fig. 6. O, radical scavenging activity of mulberry juice, mulberry
vinegar, and apple vinegar (A). ICsp values in O, radical
scavenging activity of mulberry juice, mulberry vinegar, and apple
vinegar (B).

MJ, mulberry juice; MV, mulberry vinegar; AV, commercial apple
vinegar.

Values are meantSD. “*Means with the different letters on the bars
are significantly different by Duncan’s multiple range test (p<0.05).

ICsp 38.53 pg/mLE 2T FA(ICs, 195.78 pg/mL)ETH 3=
< 0y 2HZ &7 anE Uehlodt ofd kol m=d
dhg 3 o] 71 STAF 5 27101 S gAjRol ggd
27 TS PRI B B glom, o) Fad b
af 9] jz0] gol hhlo] Q= obliAlR] lysineo] P
3} 850] ot L&A UtHAl-Malki, 2015; Li 5, 2013).
&Y lysineo] 4)220] Sk} 2-go] ojwst 7114 o B3 o
T UreRfGH=Al] gt 33 977t Bagh Ao s
w, 2} ejejzo] Agels S B9 R ﬂe} ez
a7bso] HEA Uehge 7hs/del ke Ae= AlmErt

[e] OF
= =

B AgdiE of FAch of 4o ojglals 4
W in vivo SZ A7 AIE Lopugith oUE HE
sto] FAE AR F 8YTY] dFZ R} 208 =
A dbg 3PS AA AR 6.05%2F pH 3.069] sm AzE
BT 5 QAT 9f HE9 R S sucros,
glucose F lactoseZ LERGEO ™, F71AR acetic acid $F50]
2,725.59 mg%= 7F =931, o]ojA] citric acid®} succinic

acid7} | YERATE 21 FA5 FEAR] 21 4204
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[©) a]o]—u]lr_/l]—g] Z: 6‘1‘%_9_ q—_/]\_ I— —3]. L]— lysme _]4,
ornithine®] & Z7l5l= AL skolsl 4= glglon, 2=
gz ¢ —E'inlcol‘: EI e 7474 778 06 ug GAE/mL®}
294.67 pg QEmMLE $F31L U= ol 2= 9]}, FHAF
3} 84S dolH 7] Q)5 DPPH, OH 02 9} NO & &
A qks 243 Aa), o) FA9 o] A% BT 10-100
ng/mLe| LA Tk oA 07 rid As5o] S5t

o, oY AZ7} @ FA0] Hs| NO &)z 4752
Thas QokoLt, Al Al AZ0 Blsiilz =2 2 47
e Uil 2& ER1E 4= 28Itk 53] DPPHE} OH
o] A9, of FA8} oY Axe {ARE ICs 4
HERGLoH, Oy Bt a7solM= oY A&7t od F
2o Bisf| B et 2Hd aARE UER E} wEba 2

A7EUE 3} oS BElel FAT AL 7ML 715
A8 TRARR B8 4 Gl 7Kg AT 4 90
o, B5E 54 9 PASE E5S el 42 Hsl] o
3 A7 FboR ey Aow AlmErh
zNel 2
o] Hif AR IEPREAN | RO E FFAT

AFe] RS Hhof =5 A12(No. 2019R1G1A1100315).
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