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Antioxidant activity of premature mandarin vinegar according to
harvest period and raw material conditions

Boyeon Park', Jae Won Choi', Sung Hyun Kim', Ye-Rang Yun', Young ran Lee’,
Young mi Lee?, and Ji-Hye Jung"*
'Hygienic Safety and Analysis Center, World Institute of Kimchi
2Jeju Nature & Vinegar Co., Ltd.

Abstract This study aimed at comparing the antioxidant activity of premature mandarin (PM) vinegars by varying
harvest periods (July, August, and September) and raw material conditions (PM fruit, PMF; PM fruit with 10% dried Citri
Unshius Pericarpium Immaturus (CUPI), PMF-D, and PM fruit with 10% roasted CUPI, PMF-R). We found that the PM
harvested in July exhibited the highest phenol content. Meanwhile, the July and August harvests showed stronger DPPH
radical scavenging and reducing power. The phenol content of PMF-R vinegar was 0.62+0.02 pg GAE/mL, more than two
times higher than that of PMF vinegar. The DPPH radical scavenging capacity and reducing power were the highest in
the PMF-R vinegar, at 4.71+0.07 and 7.47+0.28 nL/mL, respectively. Therefore, it could be expected that PM vinegar
prepared by adding roasted CUPI and harvested in July would exhibit high antioxidant activity and could be used as

functional vinegar.
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7%l gt Amle) A2 vid AEHH o FTlsiaL §lom,
Hole B9Y F3 9 =35 A E AT 0SS AF 48 ¥
AlFol W= St AelA RS TAlstE ZgelA A
AEe &4 2 (reactlve oxygen species, ROS)E ®HE #I3}
g AA =she] YRle] HH, 2EH A FA, A A Fo
2 WMETHKIm S, 2019). G4 B B AXE G

Splste Sol dals 2=
Tz 9 75

oz AASL A i3} WS
Y22 REH AAE HEske] Al
th(Shahidi®} Ambigaipalan, 2015). 53] <, %ﬁ:hﬁ oL ﬁ?‘é% 2
St e e v Aske] o] ksl By el Utk
I BRIEEA A Fakst B tid #Ale Holx|a gl
(Rajendran 5, 2014). °] & ZdlE 9 ZEHH o= 3EES
AT 5o AEA gol FiE Jom, Aits), Ak 2 &)
d 2AE TRt deid Be FES UL lvk(Dai®t Mumper,
2010; Lu®} Foo, 2000; Urquiaga$} Leighton, 2000).
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JD}(Moon %, 1997). %lﬁ
A7k TR %, 30% ©
g FES Tk ﬁ%&}@} EH Bolt}, Ha
& 7% 7157439 01717} HUEEA BAEE KA ¢
100% 5 4= ko g AxdE %
z9| Favt %—7}0}1 9}331, tFetar aFslE 227 Az

e o mlm Hm =

o] 4&31E 3 AthJeong@ Lee, 2000; Mo 5, 2013).

BEFE VIER, W12, A SR, d2dols 3 A
< xFate] oF 1704 7R ode] Aitst EHE TR 9
= ZeR fEien, dis), ddF, v, ¢4 HEE,
TS}, o 9 AEH Al oigk YA A Sol B

(Zou %, 2016). —E—%(Premamre mandariny> Z=9] w2 &
<3 B 22 2o, 714 EElEe B EffRol=

(hesperidin, naringin, rutin) 5= /3 o2 4#A JH(Choi
%, 2007; Kang =, 2005; Kim, 2009; Park 5, 2011). 78]
o= A FAe oF 40-50%5 FAsHH, A AAF R
< ol&st THAFE Alx HAAA BAEE £ £ Hue=
g3 5 w7182 vEitkNegro 5, 2016). 2efu} 7HE]
Hoo= dE sigtE, 7HRER= B HE ¢ 5o AEg
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o] b FTrEo] HAFRY =& ke AL YER
2 IR dom, tpdst AFAA AL Fits) &
F-2 & Aok A9skthSingh 5, 2020). Peng &
(2018)] AFANXNE ZHFel g HuE HArlete] 7lede =
Ao, Kaderides 5(2020)2 2% #uS &3} dto] 7o
A7t 71574 4ES F7H7IEE S8kt ey o
7M. sl e 29 #9(FF, Citri Unshius Pericarpium
Immaturus)E 253 7He] oo dish A2dd 79 2 AFE
Al &0 mFek Aol

S, A1Fe] EAz] R A A EHE PP
= BHoZ AMHA dor, 2 I HAAFolM EAE
Aoz Ao FVIsh= AeE HIHArHDewanto &, 2002;
Kim &, 2008). Hwang 5-(2016)2] Aol X= 7 zaje] 4t
3} AR 2 ksl BAo] 228 X2 E 59 & HE 2 28
Hico|= k) ksl 3 a3t AFHACH

A A9 HEFS o] g3l Y 2E A A7 g B
1= AAWKKang 5, 2006; Kim¥} Choi, 2005; Kim %,
1997), AR Fgol| B3 ATE FFFE AP Yol F
o] 75 Helol=g xFshe 28 % 285F L S
(Song 5, 2016), W& FES o &3 A% Ax B 715 o
g AF(Yi T, 2014), 2 VT Az S s 24
(Yi &, 2014), ==29] itsl 9 3 & (Choi 5, 2019) & &
FRbo] B E T Qith

ke Zhgel ek Aol Hlal] Egol ek A7t miHe A
Hog 53] Faeo FEAo] e dits a3 9 HuE 4
F A= o8 At AL Baugn gtk wEa] 2 Aol
M s} 710l SXE £ A2E g Hste F
LB Fgo I kst AR 2 F BN 2%
48 2= 2 2289 A 9 H7F f5)0 0 dEs
g, §714 de 2 EEEwo F 9 ksl @48 v
ste] A Az 2710 939

27 ox
HU>'}£ oX
> |o ¢

Z ML

e X

=
B AYolN ARE EE2 AFE fdFolN Fekes A
5]
1

THT1 X o©
Fae FEe s2t B AN oA AL 44
A waste] g FH Nz Ax % Y AR AEHE

o Aue £22 Adslel 2718 AAY O 4D PRE A

Table 1. Raw material ratio of premature mandarin vinegars

o] FF7AZ7)(HS-DO-1.5, HAN SUNG F&C Co., Ltd,
Incheon, Korea)s AME-3}od 55°ColA 60A17F Axste] Ax A
3] (Dried Citri Unshius Pericarpium Immaturus)E A Z3}%30.H,
228 #I(Roasted Citri Unshius Pericarpium Immaturus)©=
roaster (THCR-005, Tachwan Automation Industry Co., Gyeo-
nggi-do, Korea)Z ©]&3lo] 200°ColA 10%, 250°CollA 10827
22gste] 23 & Ax Az AR ARSI

S EES

F& Hxe HFe] Ut oF mA ¥98 218 dEs)
of FYS H7IA @e £F AZ(PMF), Ax F9] 10% H7t
Fg AZ((PMF-D), 228 3 10% d7} F&F 2Z(PMF-R)9
A E AzsPch RE AzxE 79 39 £2F FFAS F
AEZ A3l Az T 228 Ay, b8 2 HA5E B
YEZ Hristd e, AAsk s HjE-2 Table 13 2t} 4|
B Al 3 FEl9 ¥F 10% (vv)E HES] 25-30°CelAM
5970 HEslt 2 EE 45 Hads oFsle] vFE
S AASE SRFE €I2E FHE 7% (vwE 3|45k 28-
30°CollA 18Y Hiksllon, By AR F oJzlsle] HAJA
E2 ARSI

NEBY Hx

SEA7E F7 A5 AuEdS ddsel Axw Fa
422 B A9L F s 0 Fehwwols FAg S
AREStRlom, 9 TR 4% 99S DPPH SHHZ 27w
(DPPH radical scavenging activity) % 2+ (reductive potential
activity) =7l A&-313

o

b= =72 0.1% phenolphthaleing A A o2 &to] 0.1N
NaOH &0 2 F3} A3} acetic acidZ FHitste] LFERYA
o}, AT = Chroma meter (CR-400, Konica Minolta, Tokyo,
Japan)E ©]&3l] L (WX, lightness), a (8%, redness) 2 b &
Az yellowness) #he S783FAH

714 2o

712 e 3] fsl #d3E AlE 1mLe FH3haL
25mLe] ZFTE H7RBIY 3087 259 58 ¢ 5, 02um
Wyl deE AMEsle] At dE & oF XFE A%
A e ghol] EIlHE FFoR FEHAS 3|X5le] B g
o2 ARESIYTE #714F #492 HPLC-PDA (Waters, Milford,
MA, USA)E ARgsle] Al om, f714ke] #5222 Sigma-
Aldrich*K(St. Louis, MO, USA)2|] ¥FE<Q 22HHoxalic acid),

Samples”
Raw material (%)
PMF PMF-D PMF-R
Premature mandarin fruit juice 70 70 70
Dried Citri Unshius Pericarpium Immaturus 0 10 0
Roasted Citri Unshius Pericarpium Immaturus 0 0 10
Sugar 20 10 10
Water 10 10 10
Total 100 100 100

YPMF, Premature mandarin fruit vinegar; PMF-D, Premature mandarin fruit with 10% dried Citri Unshius Pericarpium Immaturus vinegar; and
PMF-R, Premature mandarin fruit with 10% roasted Citri Unshius Pericarpium Immaturus vinegar.
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T-A 2K (citric acid), T3 2H(tartaric acid), AFZ-Hmalic acid), 2321
Ah(succinic acid), B 4H(lactic acid), 924 fumaric acid)$} oFAll
EXHacetic acid)S AFE3th EAzACRE AYS Aminex
HPX-87H (7.8x300 mm, 90 um), ©]57-> 0.008 N H,SO,, %
£ 06mL/min, FRFE 10 puL, UVAZE7] 342 210nmE ©]
L3tk AEE f71AR 5 714 HPLCO Fs5t &
J%1 standard chromatogram’y peak®] retention time (RT)< H]al
st B4 ERISHAL, EF F714He] peakd] WBHORTH Z
At Adg olgsle] 7} AR F9] 1Ak A AT

& s ¥ E2EL0E B8 55
21%9] & He RS Folin-Denis®] WHo2 =431 tHFolin

3} Denis, 1912). A]& 0.1 mLell Folin-Ciocalteu’s phenol reagent
(Sigma-Aldrich Co.) SmLE #FH7}sted 187 BESAIZL $of 5%
Na,CO, (Duksan Pure Chemical Co., Ltd., Ansan, Korea) 3 mL
E TFSY. FielA 1A Bt BESAIA  spectrophotometer
(SPECTROstar Nano, BMG Labtech, Ortenberg, Germany)= 725
mmolX FFE=E G F dls TS gallic acid (Sigma-
Aldrich Co)g #E=dE ARgsto] 23 Ao gaFs
AR Tol AlF mLY pg gallic acid equivalent (GAE)E e}
BIb=

% ZelR o)t g Zhishend| WPl wal A&t
(Zhishen 5, 1999). A& 500 uLel| 5% NaNO, 75 uLE 715l
2ola SEZF WHSAIZ] Tl 10% AgCl, 150 uLE A7kt
o] 9o 1M NaOH 0.5 mLe} S/ 275uLE #H71sted 510
mmolA FFEE ST T FetREol= TS catechin
(Sigma-Aldrich Co.ye BEFEHE AMgslo] 243 Agasog
StS AlRSE $ofl A]R mL% g catechin equivalent (CE)2-Z

et

sl gy 58

DPPH (2,2'-Diphenyl-1-picrylhydrazyl) 2}Ft]Z £7%-2 Blois?]
WS Fuste] =438k tkBlois, 1958). A& 02mLel 60
uM DPPH &9 28mLE H7Fste] haellx 3027 whs-A11
Foll 515mmelAM FFEE AU eH, dxT< vEH C
(Sigma-Aldrich Co)& ARSI 72+ AlRe] S 275 8
7] 2ol eJall Alg 7 B RV Alele] 3 Aol )
E-&(%)E 312tk DPPH radical 271% 2 DPPH radical®] &%
TE 50% ZAA7IEY Zd A|59] FTX(the half maximal
effective concentration, EC,,, nL/mL)y= THx¢] 2ol 2Jste] Ao
A As YAPHo R Astste] Yeh)Ath

DPPH radical scavenging activity (%)=[1—(A/B)]x100

A: Absorbance of sample
B: Absorbance of blank

L2 Oyaizu(1986)°] WS FaLste] At A&
ImLe] 02M phosphate buffer (pH 6.6, Sigma-Aldrich Co.) 2.5
mL%} 1% (w/w) potassium ferricyanide [K,Fe(CN) ] (Sigma-Ald-
rich Co) 25mLE &9}t EFES 50°ColA 2087k Wk
AZ1 3 10% (w/w) trichloroacetic acid (Sigma-Aldrich Co.) 2.5
mLE 71sle] 3,000 rpmell A 1087F 48] skt A5 2.5
mLE F3k] 1% (w/w) FeCl, (Sigma-Aldrich Co.) 0.5mL 7}s}
3700 nmelA FEEE SA s
SH 24

e R E S R 335

il

2E AR 33] ol v SASHUIL SPSS 19.0 (SPSS Inc.,
Chicago, IL, USA)S ©]&3te Ha 9 FFHAE T3t &
AR (ANOVAYS A8t fo14] xteo)7h 9l -2 Duncan
9] t5H 977 (Duncan’s multiple range test)S AAISl] A&
7+ F2AE p<0.059M g3
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SAZ[0l 2 & HE ¥ E2EL0|E #HE
g A717F o2 Al FF/0E

He 3 & A% A3= Fig 13
79 £ EF FA5Ae 1.02+0.02 pg GAEML, 89 <
B Fg ZFFAe 0784001 pg GAE/ML, 9¢ 89 & &
Vo (0.75+0.02 pyg GAE/ML om, 799 +8d %3 3%
o] 843} 99l FEH F& AFA HU} oF 13 =2 F
FE ey, 893 99l 8 F29] F dHE
H|S8E 208 fo]HQl Aol Ith & SStEecl=
74 3E Eg ZFEd0] 0.13£0.01 pg CEmL, 88
FF FFd0] 0.14+0.02 ug CE/mL, 92 38 7 5
13+0.01 pg CE/mMLL.E A7)0 W& §9974 xto]7} ¢l
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Fig. 1. Comparison of total phenols (A) and flavonoids (B)
contents according to harvest period of premature mandarins.
The contents of total phenols and flavonoids were expressed as pg
gallic acid equivalent (GAE) and pg catechin equivalent (CE) per
mL of sample, respectively. Jul, Premature mandarins harvested in
July; Aug, Premature mandarins harvested in August; Sep,
Premature mandarins harvested in September. Data are shown as the
mean+SD (n=3). Different letters indicate significant differences
among samples (p<0.05).
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Fig. 2. Comparison of DPPH radical scavenging activity (A) and
reductive potential activity (B) according to harvest period of
premature mandarin. Vitamin C was used as a positive control for
DPPH radical scavenging and reductive potential activity, and the
results were 158.33+15.07 and 129.18+0.91 pg/mL, respectively.
Jul, Premature mandarins harvested in July; Aug, Premature
mandarins harvested in August; Sep, Premature mandarins harvested
in September. Data are shown as the mean+SD (n=3). Different
letters indicate significant differences among samples (p<0.05).

Mo M & Mgk A BT Kim 5(2009)9] A7l 147F
A AT AANF A HAEde] F EFHEEclE FF2 FHA
7I7F RS gl Ahdke AdE By dF F52
Faro] D= o] Slson, F Eejvs I 8d 8t
ol 7P wdet 129 ske olF Tiske A¥S EMith
Lee 5(2015) F&o| FehilcolE oFo] syt visat B
o =kl HUsiin) ole] Biel B AT Axs S
o] FEA7]el mE F dlE % SgRkol=

2 WstEl e Aol dsidlen, & Aol EE2 78
T dm Tl 7P =3I, SR wE EEtnieols

]

Wal= UepA] &= Aoz et

Z2 & AP|o g gitst 2y

T A7 g8 Al FFY g FAEAY dtst 84
DPPH U]z 2753 g oa gRIsIgitt. DPPHE $15H3
o2 slE AfFEuZAe Ad 84 EZE ds 2 g
Hxol= sigtEy 22 ksl &4¢] d= EF) vhid w
2 &52 AAE WolFHA] 22-diphenyl-1-picrylhydrazine S =
AgEe] M7zko] Wik 54E 7FIth(Hong 5, 2012). DPPH
gz 2AGE oo} 2 UTE ol gst AR S
ZAshe HHEAQ WoR, X AFde 3 A7) wE
DPPH #lUZ &A%SE Fig. 29 (A9 2t} EC,, #2 7¥
g8 Eg FFHAS 748+0.68 nL/mL, 8L e ZZH
6.63+1.23 nL/mL, 99| &5 25N 12234042 nL/mL ©
Atk ks o] =L ez d#EA e HEW C
(158.33£15.07 pg/mL) Btk BE A FA EC,, #o] W& e
2 RIS, 53] 8ol &= 259 DPPH itz &
Aol 7 =gtk 79 2 8¥ol| #EE FF FAFA9 EC,,

o
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Fig. 3. Acidity of premature mandarin vinegars with different
raw material conditions during fermentation. PMF, Premature
mandarin fruit vinegar; PMF-D, Premature mandarin fruit with 10%
dried Citri Unshius Pericarpium Immaturus vinegar; PMF-R,
Premature mandarin fruit with 10% roasted Citri Unshius
Pericarpium Immaturus vinegar. Data are shown as the mean+SD

FolH o5 EhA] RUA|TE, 9Qell F8E FF A
SR %8 DPPH 2% 7% UYERIATHp<0.05). A&F
9 AAFoN =2 F dE TS DPPH Ud &4 &3
A2 WHst FA7 Yok B3I (Kahkdnen 5, 1999; Kim %,
20128l A}, AARFAFo] Hest 2 Vel ey B g
gatsl zhgo] 2 X 2A ol BEHEL] FUYo] FFE AR
J(Kang &, 199648 2 AFoME F ¥
= gFo] B2 EF FFYA =2 DPPH 2HHZ &ASS

gAY AEE dozl F wgS XA FeCLE H7F
sto] Fe'o] Fe'2 == WS o] 83 ZO= oluf Fe*'o
TEE AR FgEe A T F don, FHE X 1 A
AR $EE S YepllER #dEo] 58, E $38E SV
s dEE ZoF dHA Jrh(Chung, 2010). 2
g Al7le) e 398 =3 A= Fig 29 B)9 2o 3

g 24 Az, xrLoz A3 Hgwl Cco EC, #
129.18+0.91 pg/mL, 7€ Fg&€ & ZAFNS 2.06+0.21 nL/
mL, 8€°] FgE F& HAFHL 220+£029nl/mL, 9l &

B FF FEHNLS 11.85+0.14 nL/mLE 1= 79 2 8o
FIE I FAF9e 9dol] FIE XE FAFY W foFo
2 22 3YEE 7= AoE RIFATH(p<0.05). Park 5(2011)
& 4FER Ao dptel adE vwst A3 F EejEEe] ¥
Fa} FhHo] & AHTAE Y Busle] B A A
3t AA| st

7R 23E sl 2243 ks 249 dsdREe

|

gt opFst A7F A=Atk Franke 5(2004)2] AT
oA AERY tskse] F ZTuE T AREH A,
vjgtel ¢ gt ABBAE HAEA gkokrh e
Del Caro 5(2004)2] AFoAM= o

L4
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=
= 4 fgERe kst azket
HIERR C ko] A=HaAE 818191, Rekha 52012y 7+
# F29 F ' 3= 2 vgEl o ditslsel AR &
Ho| Atial RAFHIITH & AFAAME FEA7Y wE &
zZhgde] gtsl e F ZeEEs s ARl e
W, EetR ol ey AddAle AR 2T T

b e-?
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vl weh A A Aol TR, AF] A7t vige) =

258 59 Abwe] EYsHE szl Bekthy Rushlthi 5,

2014). & Aol Fze] 24k wE A Fulel G BE %

=g g FHY T AE A Flstgon,
=] [e]

S 9SA71AL §

w2 A HIlE Q1T MEE W Lik(lightness), <Y
a%k(redness)? A= bgk(yellownessyS =4 3le] Bl
, HE 717H0-18Y)0) e A wsle] A= Table 294 72
ZAF aay) 989 FF A EZPMF) LE, atth, bat Hawk
8811ﬂ:0 14 —o 92+0.02, 25.29+0.02512™, HF 7]|7k| wE
T W3l HoE L7k 44.60-96.09, azk —2.11-9.53, bt 20.04-
342 Q‘ﬂﬂﬁiﬂr. Az 31 HA7} FF 2 Z(PMF-D)9 L%}
7k, b3 BHEZES 81.89+0.24, —2.50+0.04, 44.79+0.0280.0.1,
5717 ME Ax ‘%} = L3k 38.83-91.94, agt 4.57-
1091, bjk 34.74-56.692 ERI=Qc) 228 ¥ Hr7t F& 2
Z(PMF-R)®] L%, a%k, bak B3 83.27+0.12, 1.06+0.01,
56.69+0.04% UERow wE 7|7k wE Ax Wi WYE L
%k 28.44-88.65, aZk —1.13-18.48, b}t 46.78-56.69% 1= T},
BE AEAA @' 2I)dA F717HA LakS F7F8aL, agt
I bk Fadle A B LaH aptelxe AR 7H
 zpol7F YERA RUAIRE batelA FE Azl HlE dx
A97E ArE E=F A2t oF 1L, 2E2H A9 e

zﬁmgﬂm

~

Table 2. Changes in color value according to raw material conditions of premature mandarin vinegars during fermentation

Color value
Sapmles" Fermentation time (days)
L a b

0 44.60+0.06 9.53+0.03 51.34+0.02

1 58.65+0.05 2.7240.01 34.95+0.01

6 95.58+0.02 -1.87+0.00 20.04+0.00

PMF 10 96.09+0.01 -2.11£0.01 22.34+0.00
13 94.324+0.01 -1.91+0.01 23.20+0.01

16 94.17+0.02 -1.88+0.00 23.47+0.01

18 88.11+£0.14 -0.92+0.02 25.294+0.02

0 38.83+0.03 10.91+0.01 56.69+0.03

1 48.94+0.04 4.45+0.01 49.44+0.04

6 91.94+0.00 -4.57+0.00 34.74+0.01

PMF-D 10 89.72+0.01 -4.44+0.00 42.08+0.01
13 70.29+0.16 -1.36+0.01 42.34+0.01

16 85.56+0.18 -3.37+0.03 44.81+0.01

18 81.89+0.24 -2.50+0.04 44.79+0.02

0 28.44+0.07 18.48+0.02 46.78+0.15

1 43.97+0.04 10.21+0.00 53.524+0.02

6 85.95+0.01 -0.61+0.01 49.51+0.00

PMF-R 10 88.65+0.01 -1.13+0.01 55.41+0.01
13 78.31+0.09 1.80+0.02 55.62+0.02

16 73.95+0.30 2.76+0.05 54.78+0.08

18 83.27+0.12 1.06+0.01 56.69+0.04

YPMF, Premature mandarin fruit vinegar; PMF-D, Premature mandarin fruit with 10% dried Citri Unshius Pericarpium Immaturus vinegar; and
PMF-R, Premature mandarin fruit with 10% roasted Citri Unshius Pericarpium Immaturus vinegar.
Data are shown as the meantSD (n=3). Means with different superscripts in the same column are significantly different at p<0.05 according to

Duncan's multiple range test.
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Table 3. Comparison of organic acids according to raw material conditions of premature mandarin vinegars (Unit: mg/L)
- Sapmles”
Organic acids

PMF PMF-D PMF-R

Acetic acid 13,288+585" 20,093+986" 18,361£1,243"

Citric acid 6,926+1,190 7,899+661 7,395+760

Succinic acid 1,006+30¢ 1,626+1120° 1,364+112°

Tartaric acid 575+116 58310 569+133

Total organic acids 21,795 30,201 27,689

YPMF, Premature mandarin fruit vinegar; PMF-D, Premature mandarin fruit with 10% dried Citri Unshius Pericarpium Immaturus vinegar; and
PMF-R, Premature mandarin fruit with 10% roasted Citri Unshius Pericarpium Immaturus vinegar.
Data are shown as the mean+SD (n=3). Means with different superscripts in the same column are significantly different at p<0.05 according to

Duncan's multiple range test.
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Fig. 4. Comparison of total phenols (A) and flavonoids (B)
contents according to raw material conditions of premature
mandarin vinegars. The contents of total phenols and flavonoids
were expressed as g gallic acid equivalent (GAE) and pg catechin
equivalent (CE) per mL of sample, respectively. PMF, Premature
mandarin fruit vinegar; PMF-D, Premature mandarin fruit with 10%
dried Citri Unshius Pericarpium Immaturus vinegar; and PMF-R,
Premature mandarin fruit with 10% roasted Citri Unshius
Pericarpium Immaturus vinegar. Data are shown as the mean+SD
(n=3). Different letters indicate significant differences among
samples (p<0.05).
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Fig. 5. Comparison of DPPH radical scavenging activity (A) and
reductive potential activity (B) according to raw material
conditions of premature mandarin vinegars. Vitamin C was used
as a positive control for DPPH radical scavenging and reductive
potential activity, and the results were 96.16+3.58 and 255.77+1.24
pg/mL, respectively. PMF, Premature mandarin fruit vinegar; PMF-
D, Premature mandarin fruit with 10% dried Citri Unshius
Pericarpium Immaturus vinegar; and PMF-R, Premature mandarin
fruit with 10% roasted Citri Unshius Pericarpium Immaturus
vinegar. Data are shown as the mean+SD (n=3). Different letters
indicate significant differences among samples (p<0.05).
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