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Abstract This study evaluated the quality characteristics and antioxidant activity of vinegar prepared
with the addition of plum (Prunus salicina L.) using a two-step fermentation process. Plum juice
underwent alcoholic fermentation for 6 days, followed by acetic acid fermentation with Acetobacter
pasteurianus for 20 days. To confirm the physicochemical qualities, pH, sugar and alcohol contents,
free sugar, organic acid, free amino acid, and volatile compounds were measured. To examine the
antioxidant activity, contents of total polyphenols and flavonoids, and radical-scavenging activities
were analyzed. After fermentation, the major free sugars were maltose, fructose, and glucose. The
organic acids of plum vinegar were acetic acid, oxalic acid, and succinic acid. Free amino acids were
increased by fermentation, in particular, alanine, aspartic acid, GABA, lysine, ammonia, arginine were
enriched. Volatile compounds shifted toward fermentation-derived aromas, particularly phenylethyl
alcohol and 1-butanol. Although total polyphenols and flavonoids were decreased, they remained
higher than in commercial apple vinegar. In addition, plum vinegar significantly enhanced
1,1’-diphenyl-2-picrylhydrazyl radical scavenging activity compared to pre-fermentation juice, and
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid scavenging activity was also higher than that
of both plum juice and apple vinegar. Therefore, plum vinegar produced by two-step fermentation
demonstrated improved physicochemical properties and higher antioxidant activity relative to
commercial apple vinegar. These results indicate indicating its potential as a value-added functional
vinegar.
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1. M2

AFH(Prunus salicing L)+ 0|3} PSS ApFoldof Sol= AR UAkR]of wat FFAR;
S(P. salicina), S-HA A5(P. domestica) W U|=2A| AH(P. americana) 522 F-E-E tH(Basanta
5 2016; Guerra®} Rodrigo, 2015). -EjU2oll A= A=AItEE A= & AL Qfid 7l
T o=, 2 &9, A4, 29E, dARYRERE) 5= Zete 594 AF E5°] A
=2 JATHKim 5, 2000). A5 LHHIE-L glucose?} fructoseE F/JEOF = 9.63-29.47%9]
gL 95t 9o, 100] £9] o] Ak} malic acid, levulinic acid, citric acid, succinic acid
59 #7114k Fe, K, P, Ca 5 714 9 84 Ao|lH/E Fiols A2E HIEHYHKim 5,
2000; Popov &, 2014; Sahamishirazi 5, 2017). E3F 50| wel tb4 Zjo|7} 9lou, A3} 100
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g3 38.45-841.50 mg2] gallic acidof] AE5+= polyphenol™} T
7| cyanidine-3-rutinoside, cyanidine-3-glucoside 5 anthocyanin
A MAZ v2at chokal ABHEAL o5 A0

& Qlth(Sahamishirazi &, 2017). £3] AF< -2 A7}
Fof| &3} polyphenol U anthocyanm A E2L EAAAL
& AAshs st o] Sostol, AFAT, DAY, B
A%t 53 e WA TS AT 154 AF 2AA
F&9ky Qltk(Sahamishirazi 5, 2017). o]& St AHF9] Al
/3 Aol 7]Qlste] EAHo] A (Ham, 1987), 85 AU=
ZY AHE A (Tinker 5, 1991), Zth35 % (Franklin 5,
2006), FAFSKHRupasinghe 5, 2006), &U(Kim 5, 2013), &
U%(POPOV 5 2014) 59 theft A @/dol EarEo] Qi
zitow ”ﬂﬂ‘ﬂ HEolAE AR, T
2RSSt

l‘

9l 2ATe] 80 WAl 6 H%J o4 xwmo] qu ;{-EE}
% X‘g AzE djoR AAshed] FA7E ATKCho 5, 2000;
g 2016) 0]0:" H]’OH E} .E_J?_:}_"g_ .J_Z-] 0 1%—_9__‘}_’] E/\éoﬂ

5’%% 374 27 Aol golsto] Bl A 2 A7t 1FE9
A2E A 4 e Aol o], deEda 342 ol
&% Az A2 A57F 5] o Fo{A] AL YHK(Sung 5, 2014).
ES A ZxE W2 pHE QIS HAEY BSS JAste] Fu
U i8S PASHER Aol 2 AlEolH, 59 Algte
2 Qs AEAog znga &85 ojgrhBudak 5, 2014).
Ty ol A2 SRS TEYT 22 44U 9
9, FE2EHE Aot 2 AR A, f23E 52 Skt 7S

25 FHE NIAEHAA T AFE7E 254
1 YtkPark 5, 2016).

AFLE 223} 71531 A)7)7 & 3-8-0] 2 Z|o] oisle] M%)
*é | 7] di2oll, f-82HgollA WA olu F4 A5 HO‘Ol
Aoz dA Ut} o|et B0 = Qsf tjFE9] A=
#—E’f A% Qg AHEH, JEgko] A4S #0017 HOH +

A4, A7\ A, S2E FY 7HAES] FHIE ol8FI 9
(Joo 5, 2004). AF] AR e 9% 7HAE AL
T AFol= AFHER A 2(Cho 5, 1985)2F AHF2191 A
Z(Seo 5, 2001a)°] thet A7F HiE vf 9o, RS &
|3 7154 TEA R AR TS Ate RS AAolrh
webA 2 Aol Sl A AulE o] 2 FE 4AH|
Qh ;(].1: o] EH/HXAH x]. = o]_Q_ }oq E]—"ﬂE'_l:ﬂ-_B_ IAHoR
Z E}:ﬂ— Al zE ZﬂZo]— _'4 o]g].ol-zq E/lgjq. og-/ﬂ—g]. %]'/‘BL%—L

Arete] RIIA7E w2 7HBAECR B8 TS HES

oz g

1122

a7} st

2. g % diH

2.1. &3H&E

Ao AFLE AEE 2023 % AAEE 7134 2| <o) 4]
ﬁ«aﬂroP RSB ?40}01 ALoA s A7 H, A 2
E718 AAT thg 20°CollA] Bolget o] & Az Az
Al g2oA siEstel Al R ARSI

2.2 AT L ZfeF

G ol A Z3j|Qko] AF83 Wlo} & HiR|E 917
5 WA 1 Lol QU715 7HF 200 g& 7FsHal 60°ColA] 24
7+ 33} g & ofysie] ofdH 1 LE 2% & 121°Cof|A 15%
T Ed)E ARSI BE S UGS 98] AT Hof 5

Z9 ¥jx] 100 mL7} E°]9= 250 mL Erlenmeyer flasko]
YPDA(0.5% yeast extract, 0.5% peptone, 2% dextrose, 1.5%
agar) Wi Ao A AHEiSSE Saccharomyces cerevisiae(KCCM
11215) 75 1 ¥iF0]E FEs}Hal 30°Co)| A 2¥7F AEH[K(150
pm)ote] AH F-S il RANE -2 Acetobacter
pasterianus A8(Jeong 5, 2000) AMESIHIL 2% LS F
7Fet QU715 HiAle] 5= 1 WFolE HESHL 30°CoA 3
b ARujeFsto] At Svb= WIS

2.3. AfFA=Y HZ

AFRo A 535t A 5 kgS AAT T orfjo] HIALE)
2 W= T2 0.4%9) pectinaseS 7|81l 45°Co| A 308 7F
207 % 2A7F HolF WA HE5}0] 43 kgo] ARFAS &
Sotgltt. 5 AFFAY] G 94 BrixF oM, B G
I 16 °Brix5 Y3l sucroseS 290 g H7I3t F 95°Co|A] 30&
Tt ARSI At AR AR S 2ol AR
BHFEE 2.5% Foz HFIHaL 30°Co|A 6Lzt HA]
a§ 17 428 TAsIYHER =5 6%). T3 drart &
o AESIRlo] 387 A W A F2E 5% 23
BT 30°COIA 2097 B3] HEAA % 4.0 k] AHFA
25 AFsAch

E’. —lOll

p

24. pH, &=, 8% 2 ¢F=

Al2E Y4E2]7|(Hanil Science Industrial Co., Gimpo,
Korea)o|A] 3,000 rppmO & 1587F YAEZSH & A5aS 3
5}a] pH meter (Jenway, UK)7]7|1 & AF3to] pHE 243519
o} & A YAESH A|R | mLE pH 8.2+0.17H4] £3}
Al7]= © 4:H]E 0.1 N NaOHO| 4:H] mL 55 oo} gh4kst

Aot G YARSH A8 S ZFEGEA(WSRO-90, Atago

S [—}
alsf 24
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Co., Tokyo, Japan)ol] F3}o] 7184 1 &E=K(°Brix)& 2435}
Ak dIE FF 500 mL SAIo] IE LEY 50
mL9} 252 100 mLE &3eto] 719 Z2Raton, Z=o
o] 35 mL7} H & 1 °IE Fot] & AlEFe] 50 mL HE==
ZELE HUlH o]F FAHA(MT-830, Atago Co., Tokyo,
Japan)E o]-§sto] YFE FF(%)y= ST

2.5 a5 2% 24

9232 HPLC(Agilent 1200 series, Agilent Co., Forest
Hill, Vic, Australia) 7]7]& o]-&s}o] A5t {83 &
4517] 99 AZ 5 gl FR% 25 mLE AAdlel B9 &
acetonitrile2 50 mL7}A] A HL}. o] 84S Sep-pak NH; column
(Waters Co., Milford, MA, USA)Z} 0.45 pm membrane filter
(Dismic25CS, Toyoroshikaisha, Tokyo, Japan)Z o]Z}-st &S
ARE ARSI B4 column(polyamine II, 4.6x150
mm, 5 pm, YMC Co., Kyoto, Japan)°] A|& 20 pL& FY5}
11 35°Col|A] o]FAF £ufl[acetonitrile:water=70:30(v/v)]S 1
mL/min £E& O] FA|7|'HA] refractive index(RI, Agilent 1200
series) AE7] Aol B AESHA

2.6. 1A g3t 24

Al2E YAEE 74 3,000 rppmOE 1587 QAL S &
AF59E 0.2 um membrane filter(Dismic-25CS, Toyoroshikaisha,
Tokyo, Japan)= oj2sto] {7|4F A4S 913t AR5 FH|SH
Aot A AHEst A& 20 pLS Agilent Hi-Plex Pb Columns
(300x7.7 mm, 8 um, Agilent Technologies, USA)0] AZE]
HPLC(Agilent 1200 series, Agilent Co., Forest Hill, Vic,
Australia) A|AE] FQI5}31 30°Co|A] o]FAF 2ul(0.1%
phosphoric acid)E 1 mL/min £X & o|FA|7|HA UV A&
715 ol-&sto] 210 nmoJ A F7)4ke AESIAT K714 2
< 2702 EAR #E {714 AFAT} vl skl s

ATt

2.7. 22/00[ic At BleF BA
A7yste] &3 3 st

AE 03 go] 2824 10 mLE
o} ojy}ollof 5-sulfosalicylic acid dihydrateE 1 mL 7}et &,
4°C WHAILO|A 2447 5 J WA st} Sl E JAHAF
0]Z 4,000 rppmO & 1587t YA EE5t0] AL AF&M-S 40°C
o]5lo)| A T Us=7] (Rotary evaporator EYELA N-1100V-W,
Tokyo, Japan)E 0]-&5}0] 5= A7l %, 0.2 M lithium citrate
loading buffer(pH 2.2) 5 mLE #7}5to] &35ttt o|&
0.45 membrane filter2 oJI}St A|F 130 pLE ofd| L AHLA
7](Sykam S7130 Aminoacid reagent organiger, Germany)S

ol83te] EAsHoTt.

xR
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2.8. Gas chromatography-mass spectrometry(GC-
MS)o 9jst &2 24

A& 1 g& #3l 20 mL headspace sampler-& vialof d-&

S 224 1| mLE F71519 . o]& Turbomatrix headspace
sampler(PerkinElmer, CA, USA)E ©]-&35}o] headspace oven
120°Cof| A 20E-7F heatingdt &, headspace 500 pLE Clarus
600 GC(Perkinelmer, CA, USA)Z EA5}3ct. 21w 714
-2 GC/MSE o]-&sto] #AI5k9ith ZH& DB-5MS(30 m
x0.25 mm, L.d. 0.25 ym, HP Agilent, USA)Z 35°Co]|lA 10&
ZH A T, Bt 5009 £EE 100°C7HA] 523 3 1087t
A, Y 10°Co] $EZ 210°C7HA] $528 3, 10—,‘%7& 92
3t F 4519t} Injector= 200°COJ|A] split ratio H] S 1:1
= silon, 29 7)Ale EEOE 1480 0.8 mLY| F&0%
AR89} A|F29] 0] 23k= electron impact ionization mode
2, ionization voltage= 70 eVZ, mass range= 40-4500.% 7|
P31t MSQ] &% interface 250°C, ion source 230°CZ 3}
Aot A% BA7|28E 2Q1F HE peaks2 Wiley7Nist0.5

(Wiley7Nist0.5 library, mass spectral search program, version

5.0, USAYE AHgstol Shalsgict.
29 EBNE &Y 24

2299 T2 Folind} Denis?] WS 38310 23
5} tH(Folin} Denis, 1912). Al& 150 uL, 10% F-C-reagent
300 pL, 700 mM Na,COs 1,050 pLE Wi AR0]A] 401 =9t
HESAIZ] &, £°8 F=A|(Multiskan skyhlgh spectrophotometer,
Thermoscientific, Singapore)E ©]-8-5F0] 600 nmof|A] ‘E‘JF)]-E
g =9an $EANE 9% 29¢ o) mEds
gallic acidE SYSt A0 7 A3slslo] A7} 1S & H i
TAZ Aot AR FELHE 2 g gallic acid
equivalent(GAE)/gO 2 AM&5I3ict.

2.10. E58H2C0/E gl3F 24

£BeHR 0| FS Moreno 59] M 0| 83to] 2%
St THMoreno &, 2000). A& 125 pL, 5% NaNO: 75 pL,
S5 150 pLE EFotal 62 H, 10% AlCL 150 p_LE Elets
AFTt. o]F 58 %, 1 N NaOH 750 pLE Y1l 158 It 9-&
AR %, £ AR ol 830} 452 mmel %E 27
sl 2ZetEo|lE RS A&y Y8 ®
quercet1n~ =% 2402 AlYS st Ao A} 7k
3 EESAZ sl AlRY &
pg quercetin equivalent (QE)/gO & AH&EoF3rt.

2.11. DPPH radical £71 24 Z&
DPPH radical &7 &4 =42 Hatano 5(1989)2] W&
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Agelo] 2T AT 24, A% Az, AR A3 SR
%(Ottogi, Ulsan, Korea) Z}Z} 100 L2} 60 uM DPPH £
100 pLE 96 well plateo] E5=510] W& AAA[T] F, A2
A 3087t ¥EGAIFATE o] & 28 F=AE ol-85to] 560 nm
A SF=E S45IUT. DPPH radical 47 842 th&2
Aom Ao

DPPH radical &7 &4 (%)
= [(Acontrol - Asample) / Acontrol] x 100

2.12. ABTS’ radical 27 24 5%

ABTS" radical 227 84 3742 Re 5(1999)9] W< ©
Yslo] =439t 7.4 mM ABTS' &3} 26
potassium £¢5}0] A 25 ABTS stock solutionS SH4
& 104 3lAsto] ARESHITE AHF T4, AHE AlZ, Al Al
4k g A1 % (Ottogi, Ulsan, Korea) ZtZ} 100 pLe} ABTS £
100 uLE 96 well plateo] £5k0] Bl AA7] F, A2
A 3087F BRGAIFT o] F B FEAE 085t 600 nm
A FBEE S795I3ith ABTS' radical 27 84 tha9
A 08 Aktsteltt

=

ABTS" radical &4 4 (%)
= [(Acomrol - Asample) / Acontrol] x 100

2.13. 54 24

RE A3F ZAil= SPSS A4 T2 1H(IBM Corp., Armonk,
NY, USA)E ARgsto] Hy+REwata Yehfiglet. 7 4%
9 24 g5 A9 §94& Duncan’s multiple range
tests 0§30l p<0.05 $FNA AF3IH
3. Zat U n
3.1. A= AES pH, ME, SE Y YTE 32 Higf

ARz Az oA EEE EE Y F pHeE S At

HokE 54 498 Fig 1A YEURY. &2& Eart
Aggo] w2t pH7F 271(09)0] 2.89014 Ta 294, 444,

(o)}
o

Aol 7k} 3.01, 3.02, 3.039] $35 Uehfgict. vt &
A 271(09)0] 1.899041 Ea 24, 497, 6dA o 22t
1.75, 1.58, 1.639] 215 HERH. &322 da 3oA
ot A7 W] HMekE 54T 2IE Fig 1B YEt]
Aot g3g FaEVF APl wet Frk 27109)0 14.2
°Brix°| A 294 5.4 °Brix2 FZ&otA #AsHaL, 1 oF
5.5 °Brixg At ¢ Tg2 TV Y] wet
371t g=tl 271(02)°0 0%1A 28490 5.5%= S/t

1124
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Fig. 1. Changes in pH and total acidity (A), and sugar and
alcohol contents (B) of plum vinegar during alcohol fermentation.
Changes in pH and total acidity of plum vinegar during acetic
acid fermentation (C). All values are meantSD (n=3).

1, 68A0= 6.0%= YEET T4 BRo] dF-E UR
oA ARIF G2 ol-&5to] WastHA YIS
= 2SI 5 Atk €3S IR olF A 2A IR
I F AFAZY pH 9 4H% 574 2T} Fig. 100 UEh
Ak 242 A A4 29 pHe 271(09)00 3.12014] 12
UA7HA] 2.629] $A & FAstttzE 16879 3.059] pH 424
£ Ueto] g% J7loke A B3t ol #ishk:s da
7F ARPEHA AP0 FFEEZ BF AHF o9, HHH 2
ARE ThA] Eoffote] B3} o4lsietAR Aol diAt S5
S3Y5p7] wigolet. o]t W2 Az WH I Fofl YERr
L olAH|0]E AlSHacetate oxidation)Z, ZAMFS] AFAAH
A A 5 ShUE BaE HE QIek(Saeki 5, 1997). E3 &
AR IO A= 271(09)00 1.63%C1A Eart X%
H5E 7.0%E F7H6IG ol 24 Uart APdes A
o] YFES oA YR o] &AL, A9 8 {74
Ql acetic acidE AAsl7| &0l pH7} Robx| 1L A7} Fof

;
oZ
X,
ot
-
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Xh:}h A AFZATe} AR A I 4= AUk (Park

5, 2002). AFEo| &t E5OHP persica L.), A GAFP.
domestlca L), AP mume L) YEE 3 A X AR
AFNNAE & A2} FARE 275 0T 4 ASdT
(Boonsupa®} Kerdchan, 2021).

3.2. XFAE9 R2/8 BIEF
R AL Sl TE 290 e T
100 LheRfigih, AERa0) S92l L 567274 mg/l00
gQl ¥ ZFEA|2E 344545 mg/100 g9 —’,\—72] ek o]
AFFAE ‘Q* AZH & fET o] At £AE YE
Uit ols €3 a IYolA SRVt G Akiste] g3
22 AL, A BRoA IS0 fT4e R HeE S]]
7] fZolthJung 5, 2018). 7} R3] AF WSS AHE
Y fructoser= AFFA D AFA 204 Z1ZF 3,025.10 mg/100
g 9 865.24 mg/100 g2 $=XE Yepfo] ok 71.4% 745
o} Y glucose= AFFFA0NA 1,895.48 mg/100 g, AFRFA1=
o 4] 550.78 mg/100 g9] 2x}= Lpehfjo] HHa Qla) oF 70.9%
A5t Y. E3L sucroses AFFA0A 752.15 mg/100 go]
#AE UrhiRel, A% dzolME AFEA st
Sucrose= &I ‘?:_"51 710l & o] 9J5) glucose®} fructose
2 5o, Ag= [Se= TtEs o 25 AHEEY, 2
AFo M= Ha JJfXgoﬂ o5 AH|E Ao& HQItk(Shin 5,
2002). FE3F, maltose= AFFF20M= AEEHA| o, A
ZA20)A 2,029.43 mg/100 g7 AEA AZE ATk

>mlm S

3.3 XF=AIXO| SIIAF St2F

AFFALL AFA 20| §7)4F ohgg 47 AT Table

20 VRS A4S} ARAZE) 714 24 g

R

Table 1. Free sugar contents in plum juice and vinegar

A}, A0 & 974k SR 7,354.26 mg/100 gl BHE
A LA 2O A= 5,539.12 mg/100 g & OF 25% 7HAgt 423
£ 29T 5 Atk 74 FRE {7 S ERIPS o
13

T8 E 530 acetic acid7} MEFA 8= “7‘4 FH #71
Ato g Zéxﬂéj glolsl 4~ 919l W, vhd YE 97|ALe dlg
o wls) FastAY ASEA FH ol= qé o]-g-5to

WEN2S AZT A7 S ATANE dehhon
(Yim 5, 2023). Oxalic acid= AFFA 6,956.04 mg/100 gof|
A AFFA1% 2,101.12 mg/100 gO 2 9F 70% 7AsFA L, o]9+
A succinic acide®e AFFFA 292.32 mg/100 g 02 4
=5 91 AFA] % 248.86 mg/100 gO. &2 A4S, S
malic acid= AFFA 105.90 mg/100 g AEEH YA AF4 %

A= BAE Hoh ol WE o4 olE §7I4lo] &
0 2429 ouAE §8E0] RARYAL, e e
2 AFEYL Aoz AlzEthJoo &, 2009). Citric acid2}t
formic acid= AFFAY AFAZ BT AEEHA it
Acetic acid= AHFFA0l= EAZFEHUS, AFAZ00A
3,189.13 mg/100 gC & 1 $fo| =751t Alx9] 24 &
S 218 4 Q= A HEQ acetic acid= AR FO| 95 AY
JE= AR 8 FIIAICEA, AlA %, WA A%, of2Y
OFAlz A& Ao A9] acetic acid 3]'3:5’»} 2 AFoA acetic
acid g0l FARE X2 &Qlsto] Zibgtol o7t 24P
g7t & o]RojFHLS & 4 Qlo‘ﬁ]-(HwangJ} Nhuan, 2020,
Ko &, 2007; Seo 5, 2001).

3.4, AFEAEY Qe[0T BEF

A0} 542 Gelotulical Uke ST At
Table 30] UFERASITh W THgoA A4 Gefobui
A Fure Agao] W) BAS| ST AERA

rr

Table 2. Free organic acid contents in plum juice and vinegar

Free sugar Sample Free organic acid Sample

g ) Plum juice Plum vinegar Bl ) Plum juice Plum vinegar
Fructose 3,025.10+168.88"  865.24+35.44° Oxalic acid 6,956.04+120.49"  2,101.12+0.54°
Glucose 1,895.48+37.71° 550.78+27.65" Citric acid ND¥ ND

Galactose ND? ND Malic acid 105.90+0.24 ND

Sucrose 752.15+69.69 ND Succinic acid 292.32+1.10° 248.86+0.45
Maltose ND 2,029.43+157.44 Formic acid ND ND

Lactose ND ND Acetic acid ND 3,189.13+0.91
Total 5,672.74+68.40° 3,445.45+72.79 Total 7,354.26:+49.08" 5,539.12+0.37°

DAll values are meantSD (n=3).

Means with different superscript letters (*") in the same row are
significantly different at p<0.05 by Duncan’s multiple range test.
IND, not detected.

https://www.ekosfop.or.kr

DAIl values are meantSD (n=3).

Means with different superscript letters (**) in the same row are
significantly different at p<0.05 by Duncan’s multiple range test.
IND, not detected.
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Table 3. Free amino acid contents in plum juice and vinegar

Free amino acids Sample

(g/100 8) Plum juice Plum vinegar
Phosphoserine 3.20+£0.70"™? 3.26+0.07
Taurine 4.10+0.60"Y 6.91+0.07*
Phosphoethanolamine 3.65+0.40™ 3.99+0.47
Aspartic acid 0.89+0.10° 10.10+0.38"
Threonine 0.35+0.00° 4.73£0.25%
Glutamic acid 1.03£0.20° 4.72+0.25°
Theanine 0.00+0.00™ 0.11+0.18
a-Aminoadipic acid 0.08+0.20™ 0.00+0.00
Glycine 0.40+0.10° 5.64+0.13°
Alanine 0.66+0.20° 67.86+1.90°
Valine 1.4120.00° 4.26+0.42°
Cystine 1.22+0.40™ 1.08+0.36
Methionine 0.00+0.00° 0.81+0.28"
Isoleucine 0.11+0.10° 2.55+0.15%
Leucine 0.3240.00° 6.33£0.29°
Tyrosine 1.38+1.40° 4.71£1.00°
Phenylalanine 0.29£0.70° 4.69+0.20°
B-Alanine 0.23+0.40° 1.7120.31°
B-Amino isobutyric acid 0.00+0.00° 0.54+0.33"
GABA 1.85+0.20° 7.28+0.22°
Histidine 0.08+0.10° 2.80+0.55"
1-Methylhistidine 0.030.10™ 0.00+0.00
Tryptophan 0.17+0.40™ 0.44+0.45
Ornithine 0.50+0.20° 4.70+0.34°
Lysine 0.13+0.10° 8.90+0.74°
Ammonia 12.95+1.00° 46.46+3.68°
Arginine 1.71£2.10° 8.60+0.93"
Total 39.00+4.70° 219.00+5.07°

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

Ins, not significant.

Means with different superscript letters (*®) in the same row are

significantly different at p<0.05 by Duncan’s multiple range test.

Frelotu At ool oF 39.0 mg/100 go|HE H Htaf, A2
J‘oﬂﬁb 219.0 mg/100 gO& oF 564 Z7}s}iTt. o] Wi

S OAEC] A9 AlZE A5k ofliARS WE
& AEOFE AF Y g, HE Fo] Zhei
Aol Z71et A2 Al Eth(Jeong 5, 2000). Alanine A}
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A8] S7ksto] 229 7716/ A= © 7199 A
oz Alg¥ch(Park, 2010). o] 2o% glycine(0.40—5.64
mg), aspartic acid(0.89—10.10 mg), glutamic acid(1.03—
4.72 mg), threonine(0.35—4.73 mg) 5 th9] ofu]icAto] &
oAl $A] wi7kA] Z715kich E35] €4eolu] Aol valine
(1.41-4.26 mg), leucine(0.32—6.33 mg), isoleucine(0.11—
2.55 mg), lysine(0.13—8.90 mg), arginine(1.71—8.60 mg) 5
o] FE F7teto] Al TE § A4 2] Faoh] e
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Table 4. Relative contents (peak area, %) of volatile compounds in plum juice and vinegar

Peak Retention time Compounds Sample
No. (min)

Plum juice Plum vinegar
1 3.460 1-Butanol - 20.43
2 4.416 Propanoic acid 1.18 0.32
3 4.931 Butanonic acid 1.73
4 5.154 Butanonic acid 1.41
5 5.377 Thiocyanic acid 20.65
6 5.468 1,4-Dimethyl-1H-Imidazole 1.95
7 6.544 3-Methyl-butanoic acid 1.52
8 5.497 Oxiraneethanol 2.99
9 7.323 Hexanoic acid 1.79
10 7.420 Butanonic acid 4.58
11 12.369 Hexanoic acid 0.52
12 14.389 Benzyl alcohol 1.26
13 18.234 Phenylethyl alcohol 29.94
14 22.554 Ethyl ester octanoic acid 2.16
15 31.595 Eugenol 1.56
16 32.825 n-Decanoic acid 0.61 8.08
17 36.642 7,11-Dimethyl-3-methylene-(z)-1,6,10-dodecatriene 0.98
18 37.117 5-hexyldihydro-2(3H)-furanone 0.77
19 38.885 Tetradecamethy-1-cycloheptasiloxane 1.31 0.31
20 38.896 Malonic acid 0.97
21 39.274 Phenol 2.29 0.35
22 40.458 3,6-Dimethyl-decane 0.98
23 41.751 Dodecanoic acid 1.90
24 41.912 Humulene 3.33 0.31
25 42.976 Hexadecane 3.78
26 45.871 Mercaptoacetic acid 1.29
27 46.981 Heptadecane 3.04 1.09
28 47.359 Tetradecane 3.60
29 48.452 Oxalic acid 1.66 0.32
30 49.556 Tetradecanoic acid 2.18
31 49.018 Eicosane 1.86 0.64
32 49.379 Sulfurous acid 1.75 1.39
33 50.106 Cis-9-hexadecenoic acid 0.00
34 50.746 Octadecane 9.25
35 54.300 Nonadecane 3.29

https://www.ekosfop.or.kr
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(continued)

Peak Retention time Compounds Sample
No. (min)

Plum juice Plum vinegar
36 54214 Carbamic acid 0.75
37 55.124 Octadesane 1.86 0.98
38 55.782 Benzenepropanoic acid 4.10
39 56.566 n-Hexadecanoic acid 5.92 13.53
40 57.516 Docosanoic acid 3.94
41 58.534 2-piperidinone 0.39 0.61
42 60.749 9-12-Octadecadienoic acid 4.55
43 62.831 9-12-Octadecadienoic acid 10.93 1.10
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Table 5. Total polyphenol and flavonoids contents in plum juice and vinegar

Sample

Plum juice Plum vinegar Apple vinegar”
Total polyphenol (ug GAE/g) 130.23+0.71%%Y 118.66+0.32° 26.40+0.48°
Total flavonoid (ug QE/g) 346.43+10.83° 38.93+6.38" 4.1441.59°

YCommercial apple vinegar was used as a control for antioxidant activity comparison.

PAll values are meantSD (n=3).

Means with different superscript letters (*°) in the same row are significantly different at p<0.05 by Duncan’s multiple range test.

AT, FEehilo|EE I Eo 2 FAHYSE BT
ShiL ols] Algk Alhajzo] Ha] e B ko], g4t
3 Zuold gole 7154 Az 2L & & A

ru

3.7. X=4AIExY/ DPPH 2 ABTS® radical £7 &4

DPPH o] 4 AL Fofd & Q= A E41
Z3olH SHE PR HAEHA 1 Mo] A E] =T, o]y
3 A E o]gsto] ARt A4 gl de] &8E ot
(Kedare®} Singh, 2011). I3, ABTS= WSHAEAET} &7 v
SAI7IE F9ASHE ABTS 2= radicalS A3/dok=t, 4t
3} 243 9k3 Al 0] radicalo] AAEHA FFE7t ATt
(Floegel 5, 2011). |59 ¥3td SFE A& o]8std T
Atel 715/3S kot EAR A RE AREEDL it
FARE} 7157430 ElRl gt BERAL of2 ot 5 AlE A
£ H7lot] Azt 764 A% AFol|A, o] radical &7
24 342 59l IS} 71549 BrletaA ok At &
93] o]F0ojx 11 UtHHong 5, 2012; Hwang¥} Nhuan, 2020;
Kim 5, 2022). £ AN E AFFAL AHF4] 29] G4t
A4S Frlshr] Y3 DPPH ¥ ABTS' radical A7 42
Z45191 01, 1 A3}= Table 69 YEFY ST DPPH radical
2AS 24 Ao A AFFAE 20.57%, AFFAZE 51.90%
9] £A & Yetio] daigS AZ AF4]%2] DPPH radical
AATo] 9 2.58) F7tE0] A4S o] MAEINeS &
2 Qloith g, AW Afg}a]z9] DPPH radical 2782
9.96%2] +25 UetHo], AFFA D R4 BREOJA A
T AbbA] o)) |8l =2 DPPH radical &7 /<& UE3d

o} 55 AFAZ = Al Alb4) 2 oiH] SH) o)4 =2 DPPH
radical 24 AL UJePHS & & 9tk ABTS' radical &
A 84 4 dHoA, AFFA D AFA 2= 27 89.93%
4 89.03%9] 2§ Uetfo] ¥E ¥ BF &2 ABTS'
radical &7 E44& YeEM It E3E Al3F AR}4A29] ABTS'
radical &AL 54.38%9 £X& Yeo] AEAx9] oF
61% o] 1] wheh, A4 20 943 radical &7 &
A< SIS &= Ut TebA & 744 radical 24 S4E &
3f AFFA1%9] DPPH @ ABTS' radical &7%50] A|% Alx}4]
Zof v L2 & & ATk o= AFA R 9t &
gz 9 EgtE ot Fefo] Al At o] Hls| ==
9], o]&gt Q910 7|1st Ao woFHct Za|dE W St
H-0]Ei= radical 2A%0] A HH 0 & Fofsl= FAS} &
A2 dHA glon, EYusS AR RE U S|k o
=] Qlo] ket BS el Z o0& HRlth o] ok,
A zo= e 9 S9EL0|E A& ok |7]4t0]
FE]o] Qlo], ol {714t FH4te} AHgof Ofsf &2 radical
27 G5 UEd 22 & AtmEth(Lee 5, 2011). E3H &
Fol&= cyaniding H|5E3 anthocyanin A|E 47t FH5H
SHRE] Qlom, A%t T2 A Z71of| A= anthocyanin©]
QHstElo] FArEt E/do] FTleke AR AEA Slth
(HwangZ} Nhuan, 2020). w2hd B AFoJHE o]t
anthocyanin®| QFPE8}7} A4 29] FASE G4 FA]of 7]
3 A0 E waHEd 2 ALE S, AFE AU
TR A 2= Al A4 2 ] 93t radical 274 842 &
o ARt &4 UEieleH, ol AT R S5t E9H

Table 6. DPPH and ABTS" radical scavenging activities of plum juice and vinegar

Sample

Plum juice Plum vinegar Apple vinegar"
DPPH radical 20.57+4.387" 51.90+0.97" 9.96+1.72°
ABTS" radical 89.93+0.96" 89.03+0.69° 54.38+0.27°

YCommercial apple vinegar was used as a control for antioxidant activity comparison.

PAll values are meantSD (n=3).

Means with different superscript letters (*°) in the same row are significantly different at p<0.05 by Duncan’s multiple range test.
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