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Abstract

This study was performed to investigate the comrelation between anti-oxidant and anti-inflammatory activities in
ripe and unripe fruits of three peach cultivars: Miwhang (MH), Kanoiwa hakuto (KH) and Cheonhong (CH). The
unripe fruits had higher levels of total phenols and flavonoids contents than those in the ripe fruits of all the
three cultivars. The unripe fruits of CH showed the highest levels of total phenols, flavonoids and antioxidant
activities among the fruit samples analyzed. Nitric oxide inhibition values in RAW 264.7 cells for the unripe fruits
of MH and KH were 30 and 29%, respectively. However, the inhibition was not observed in unripe CH and the
ripe fruits of either cultivar. Total phenols and flavonoids contents showed high linear correlations with the anti-oxidant
activities whereas the anti-inflammatory activity had low linear correlations with them.
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Table 1. Quality characteristics of peaches fruit

hooEe B4 AE F 24 RUad A
polyethylene bagS. 2 ¥7J3le] 40Tl Ws B T A}

S 0]'311’4'.

A A EE Az B85 g0l 80% lE‘r% Sl E 1:10
H &2 Y3 197 A"l A FE3 F o 4] (No.
2, Whatman™ International Ltd., Maidstone, UK)& <] ¥}3}
o dg 89S 79E371(0SB-2000, Eyela Co., Tokyo,
Japan)Z F&3 & T2 74 F38le] 100 mgmlLe =5
HF FEE AAste] Aol A&tk

HFE sigEnt 42 =

R4S 98] 359 Zehuiol= 5329 amygdalin,
catechin, chlorogenic acidE& AFH&-3atl o™, H&FA 2Hd-&
A3l 7] 3% EefiicolE BFE BHES veho]
0] A 50, 100, 250, 500 pg/mL 5% ﬁﬁﬁ—% Az
% UPLC chromatogram< A3} tHR*>0.990).

UPLCE olg23t 83 24

A AP d A44e] Al 1 g e 40 mLol| o] 1
40°ColA 2417 Bt 253 B3E 3 & A3 o
rotatory evaporatorg ©]-&-sto] 74} slol| wHAI711 T4
Azt dxd FE2ES S/HT 2 el 244 25

mg/mLe] TEZ o]l 0.2 um syringe filtero] o] 3t T
1 uLE Acquity UPLC H-Class(Waters, Milford, MA, USA)
£ o]&st EASAHQ2L). olsFerme &l A%
formic acid in water) 2 v} B(0.1% formic acid in
methanol) S AF&-3FATE #4542 0.3 mL/minS. 2 L% 1A
S F0 01, gradient elution T2} 2o] 43315
7%2] B&| &2 A|Zslo] 2874 7%, 55744 17%= Z7}F
AlZL & 1087H4] 17% 5 FA8kA . 18l 128704
25%= 7ML F 17274 25% 5 A8t oM, 19%7)
A 50% % 7R F, 248744 50%E A8 o]
A 268742 0% 2 =771 B, 30274 0% S A5t
Rom T 12 B3t 7%= EFoke T 427t Pz
th A=V UV A=71E At 29 97 259
nmo| A H &3

g H= &z 24
Total phenol &% =% < Folin-Denis %H(22)< W33
o] =435It} 96-well platec]] T=E A5 2 ILE SF/F

Cultivars” Ripening time (month/day) ~Weight (g)  sugar content (°Brix) Total acidity (%) Hardness (kg/@ 5 mm) Hairy/Hairless Color
MH 6/28 250 115 0.13 053 Hairy Yellow
CH 7120 245 10.8 0.80 143 Hairless Yellow
KH 7119 251 11.8 0.12 092 Hairy White

"MH, Mihwang;, KH, Kanoiwa Hakuto, CH, Cheonhong.
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Total flavonoid &% =72 Zhishen 5(23)7} Singleton
T4 WS st S48tk 96-well plated]] F%
H AIEY 2 iLE S5/ 100 uLe} 5% NaNO, solution
5 LS &35l A L0A 10E-7F incubation A]7]1L, 10%
AICl-6H;0 solution 10 ULE 3 7}ste] ThA] Aol 10%-
7Y incubation A17] ¥ 1 M NaOH 40 LS} ZHF5 45 LS
A71sled 405 nmell A EFEE SAstE AFELRE
cateching A3l om A|Z 9} U3 Whio g FAs)
o A7FdE A3 F total flavonoid & tHEskSdTh
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g4 &3

DPPH 2t 47 €4 3742 Blois?] 5
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ot

FY3kaL 50% WEr2o] %21 40 mM DPPH solution< 198
L 7¥ste] & §3917} 200 pL7} E| =5 STt o] vl
Ao oF 1083 WA & FFFEAZ 517 nmel| A
FHEE S E e FEB] A F A
74 FBEE B MESE Uehd o 5E HEA

o] tjH]3}e] ICsy(half maximal inhibitory concentration). S 2

control-A sample

DPPH radical scavenging activity(%)=( A A control )x100

A : absorbance at OD 517 nm

FRAP assayoll 2|3t &3 £33

Ferric ion reducing antioxidant power(FRAP) assay—
Benzie9} Strain®] W (26)0& M P ste] S0t A
£ 3F FRAP solution2 acetate buffer(pH 3.6, 300 mM),
2,4.,6-tripyridyl-s-triazine(TPTZ) 10 mM, FeCl;-6H,0 20 mM
= 10:1:19] FIH| R 4o] A Al el ARSI
Pd 2T ascorbic acidE AHE3H3 3L, Al S5 96-well
platel] ZH2} 6 1L 13+ ¥ FRAP solution 194 LS 7}
AgolA g AT AR 10% F<F incubation A7
T 595 nmel|A FF=E SA 6l

314 A24A ASE (2017)

CUPRAC assayol 23t &3y £

Cupric ion reducing antioxidant capacity(CUPRAC) assay
< 78 o9 g o] &3l radicals HAAZH F
UEAY] EAg gl WHoR Apake] WHRNE
g sto] 2435131 Th DW:10 mM CuCl,:75 mM Neocuproine
< 100:1:19] F-3jH| 2 E3tste] A3 Ao AHgatsith
FRAP assay ¢} PFF71A| 2 FA) o 222 ascorbic acidE
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A 2 208-7F incubation3t 3= 450 nmol|A] A EE =3
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< WEE 20 ILE AU SR EE S5k, %
= DPPH W'H3} vlk7FA] 2 ICso(half maximal inhibitory
concentration) & 2 YERN Tt}

control-A sample

ABTS radical scavenging activity(%)=( A A control )x100

A : absorbance at OD 734 nm
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2 Add A AMEZFQ] murine macrophage
RAW 264.7 Al £ &=74| 528 (Korean Cell Line Bank,
Seoul, Korea)ol| A £ wketo ™, 10% FBS, penicillin G
(100 TU/mL)<} streptomycin (100 pg/mL)°] 3 7} DMEM
H| 2] & A}-2-8te] CO, incubator(5% CO», 95% air)ol|A] 37°C
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RAW 2647 Mo H5ol 5259 Al 542 &2l
3171 913l MTT assayS A1+ TE RAW 264.7 M L&
5x10° cellsymLe] F=2 96-well platedl] HE3}laL, 14]7F
ik 3 A8 2 ILE TR E HEsle] 1417 Bet wiekst
Atk A8 AgE Al Eo] LPSE 1 pg/mle] =& A
g & 37Tl A 224]7F vl FstA . wiA] ol 8|4 E MTT
205 mgmL)S Al Eel 1A17F A28 &, MITE A
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Nitric oxide(NO) &/ &M £X
RAW 2647 HEE 5%10° cellsimLe] FEZ 96-well plate
oﬂ 23 T el A 8E Ae]ela LPSE 1 pgmLo]
= 7hsto] 24A17E vl kst Al sl A d
NO9] & griess reagent(1% sulfanilic acid:1% napthylamine
—LD)E ol g3t FEAT 119 MR R EFTF F 490
ol EFEE Zgetdch

SAAR S 2t 35 te] Aol S Hr)9fel SASZ= I
< o]&3sto] EAHEA (analysis of variance)< A AISFAL
oA}l Zpo] & HQl 7 - Duncan®]

S Al
APEEA S 2AEH
Zdn o pE
EZ gz gt U E ’E‘E}EiOF ek
Aeg Ao mE 23 B5ole] F s 9 S
olt &ake =43t A= Table 29 2t} ¥ 31dES

21EA de] FxEo] lom ¥x Ul Y42 phenolic
hydroxyl7] & 7FA| a2 $laL, @i Bl of 2 sheh=at 47
Astel= E j% 73 9lo] Akl gut 2 3ok =
g °1t o2 Bu¥th29-31). 7, 7hdehi e,
EIR UleJrA % )5 ke 747} 24.3440.53 mg GAE/g,
24.75+1.56 mg GAE/g, 64.99£0.22 mg GAE/g©. & JEh}
A% v&He] s ko] vhE FEFE0 vlal oF 2.79)
g =2 S Hth(p<0.05). ¥, AL & W
S m g, Tk =, A8 22t 15.861029 mg GAE/g,
9.02+0.35 mg GAE/g, 9.30:0.29 mg GAF/gC & n]g A<
7t b F5e0 sl < 17w o =2 e vERT
(p<0.05). Ze}E o= A& o tefsiA EAsHE A

Table 2. Total phenols and total flavonoids contents according to
fruit ripening of peaches

Total phenol (mg GAE”/g)

Total flavonoid (mg CE3)/g)

Cultivars”
Unripe Mature Unripe Mature
MH  24342053%9  1586:029'  24.17t973"  825:021°
KH 2475£1.56°  9.02¢035° 2541119 5.92:000°
CH 64.99:022"  930:029°  68.24:1086'  4.8320.17"

UMH, Mihwang; KH, Kanoiwa Hakuto, CH, Cheonhong.
JExpressed as mg gallic acid equivalent.
"Expressed as mg catechin equivalents.

"Values are meansSD of triplicate determinations.

Different letters in the same column indicate significantly different at p<0.05.
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Table 3. Antioxidant activity peaches cultivars using ABTS, DPPH, ferric ion reducing antioxidant power (FRAP), and cupric ion reducing

antjoxidant capacity (CUPRAC) assays

ABTS DPPH FRAP CUPRAC
Cultivars” ICs (ug/mL) ICs (ug/mL) Fold (of control) Fold (of control)
Unripe Mature Unripe Mature Unripe Mature Unripe Mature

MH 4902 ND? 3372 6.1:029% 5.6402° 6.00.1° 59+0.5"
KH 4673 ND 3720 5340.1° 3.5:0.0° 59+0.1° 4.0£0.0"
CH 2427 ND 264.0 8.4+03 3.5:0,0° 8.4+0.3" 4.140.0°

"MH, Mihwang;, KH, Kanoiwa Hakuto, CH, Cheonhong.

INot Detected.

IMeantSD (n=3).

“Different letters in the same column indicate significantly different at p<0.05.

Table 4. Pearson’s correlation coefficients of ABTS, DPPH, CUPRAC, FRAP, total phenol content (TPC), total flavonoid content (TFC),

nitric oxide activity in RAW 264.7 cells

ABTS DPPH CUPRAC FRAP NO in RAW 264.7 TPC TFC
ABTS 1 0.908™ 0.886" 0.886" -0.797 0938 0963
DPPH - 1 0970" 0970" -0.707 0.889° 0.883°
CUPRAC - - 1 0.994” -0.576 0938 0917"
FRAP 1 -0.569 0936" 0918™
NO in RAW 264.7 1 0.546 -0.606
TPC 1 0.995"

TFC 1

7 p<005, ~, p<0.0L.

Aol 2laf| A &9l ferrous tripyridyltriazine(Fe**-TPTZ)
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FRAP A3}o} npRi7pA 2 frol % zto| 7} vYephA] eigktt.

oo me} ol FFH s ol e kst A
Y 235 Edz sl vlg) nlsate] itst 2gols
goH, FFHRE A5 Dol 7P Fsisih ol
% ds B SR o= Fho] ¢t weh &
kst 2S e, B B F2kE o] =9} DPPH, ABTS
9! CUPRAC assay 7] ##o] Q55 HolFrh

o

UPLCE 0|83 MEE4
ol o] sle T AR SFEES EE22
70 2}(chlorogenic acid), 7}El|7](catechins), o}n] 122

1

i)

w© o 1

)
i)
Jo o At 3L K Jo Ok ao

(amygdalin) & ©] &4#1A ATh3). olol| 9] 3F<] 3}
EFE B4 2 A9, UPLC ZE2rE 289 S o]
o] Fig. 19 YERTh Egol 359 n& 559
Qo) 3t UPLC A &2rtEIH TS vl &4
FrAret s o] FAE AR, 7} 9] F0] ko]
UEsth S22704ke] w75 AR 1133
AZo A Yelgon, o] & gRlsly] 918 UV A9 EH

T A7 S22 A JEhE UV 29 Ef T

ALgE & ato] #AEo] FREAM0 T 2] 519 ThFig.
2). T3 2025 Atele] T2 sfdo] A n|&Tr} vt
Jhgi = nj&aiete] A fEl ) thEA Yo B0
32l Flof HE n|&e] fEAR| T2 n&ae) b
AJEo] Tf o] IS Ao sl ol vl A4
ko] FFH UPLC AZrtE e 9= nls o] va] 4]
Aoz F3A7F @A B Hlow, nlgHor] HEH F
RRAME] 11 2 A7} e BEHUAT, UV ~FE
HE B v FREANe 2 S1EA] ehrhFig.
3). 919 2= F = 2 S o= 3] #AE

m{

M

,
2 rr 4
9

w g

-
o

p

<
(<



In wvitro correlation and analysis of anti-oxidant and anti-inflammatory activities by fruit ripening of peach cultivars

(A)
0.08+
~
=
0.06- ]
<
= S
= v <
= 0.04- o o
= ;
s £
S
= p ]
0.02 - 3
=
= Jt
=
on )
gt i ey DN Ty
L L L
0.00 5.00 10,00 15.00
Minutes

643

(B)

sau_ou—f
360,00—5
34u.ou—f
32 u.ou—f
300.00%
280.00 ]
260.00

240.00

220,00 | i
0.00 500

10,00 15.00

Minutes

Fig. 1. UPLC chromatograms (A) and UV scan graphic (B) of standard compounds (amygdalin, catechin and chlorogenic acid).
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Fig. 2. UPLC chromatograms (left) and UV scan graphic (right) of the unripe extracts of three peach cultivars.

A, Miwhang; B, Kanoiwa Hakuto; C, Cheonhong.

AHE 4

2 AT oA Hsol 355 A5} visy FEE9
AT &L A 9dll LpS A5l 98] f=d
RAW 264.7 ™4 A X (macrophage)2] 9% ®H-&-<A] NO
AA 24 A Tttt AGAEF sl B
AEZe 58 2 F5 AgP-goA u§ Fa3 J9&&

sl Lps 2 Agd AT A LA A umor
necrosis factor alpha, TNF-a), Q161571 1B0L-1B), 918 F71
SISt e e AT 1 L f s, o)
& A2 B4 B9 N0 BHS T AA 943 03
=31 AIZITH37).




644

(A)
0.18

0.16
0.14
0.12
0.10-
* 0.08-
0.06-
0.044
0.02-

a.o0d
0.00

=

H=Peakd - 5221
erbih oot
3-8 661

fiaPaki 1 - 10578

e P12+ 11280

.g'_r-F'MHﬁ 14780
|

-Peabd -3314
-Peakld 16462

b
=
=
)|
=
b
=

Xi]

(B)
018+
0167
0147
0.127
0,107
0.087
0.067
0.047
0.027
0.00-

AU

Peak11 - 1086
861k
ealt 17 167
-Peakt 418 480

e
15.00
Minutes

TP 5
L 2

- Pask10 - 6468
[foePed 211286

|

WPkl -3318

-

5 -T-PE:HS-]E?H

27l

25.00

=
=
=4
b
=
=
-
=
=
=
r
=

(©)
0.18]
.16
0,143
012

= 0.104

< 0.08-
0,065
0.044
0.024

00041
0.00

b33l
e
ol

Peaki1 10,590

Poak12-11 300

4-Peakt 3318

A R 7 =
1500 20.00
Minutes

_:...‘.H._ o
5.00

é_

25.00

25.00

E 300.00

E

E
= 300.00 4

Sk A FAAE 3R] Al24d A55 (2017)

380.00
36000
340.00 f ".I
320,00 [ ] vettow
280.00 | |
260.00 | ]
240.00 \f
220.00] |
0.00

i ) |
10.00 15.00
Minutes

20.00 25.00

380,00
360.00]
340.00-] FA
32000 [ ] Yellow
300.00
28000 | |
260.00 \
240.004 /
220009 o

0.00 "10.00 15.00

Minutes

o T 1
2000 25.00

380,00 4
J60.00
340.00
320,00

280.00
260.00
240,00
220.00
0.00

—— Yellow
( il
I A i

5.00 1000 15.00 20000
Minutes

25.00

Fig. 3. UPLC chromatograms (left) and UV scan graphic (right) of the ripe extracts of three peach cultivars.

A, Miwhang; B, Kanoiwa Hakuto; C, Cheonhong.
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