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Abstract

Antioxidant and anti—-inflammatory activity from extracts from
premature mandarin according to the region, size and the

picking time

Sumi Hyeon

The purpose of this study was to examine the antioxidant acrivity and
anti-inflamatory effect according to the region, size, and the picking time of
Premature Mandarins(PM).

A PM which is an unripe fruit of tangerine, has higher contents of
polyphenol and flavonoids such as hesperidin, rutine, etc., than that of a ripe
mandarin and it contains a lot of dietary fiber and organic acids, etc., and
has a high antioxidant effect.

In our study, the PMs were picked in July and August, in Aewol and
Namwon region and were classified by its sizes. The peels, Citrus Unshius
Pericarpium (CUP), of the PMs purchased in September were extracted with
50% ethanol and with this sample, the hesperidin content, antioxidant and
anti-inflammatory effect were comparatively analyzed. The content of
hesperidin in the PMs were 3.46, 2.96, 2.62, 1.68, 1.58, 1.96, and 1.56% and a
slight increase in its level in 5 6cm and 6 7cm, however; it was seen that
the hesperidin content level decreased as the picking time was delayed and
the size increased. The differences by regions showed a similar level. The
Total Polyphenol Content(TPC) levels were 54.0, 41.4, 37.8, 295, 23.2, 22.9,

and 19.3 mg GAE/g and this appeared to be decreasing as the picking time



delayed and the size increased, and there were no differences in regions. The
TPC of CUP was 25.0mg GAE/g and it was confirmed to be lower than PM.
The DPPH(2,2-diphenyl-1-picrylhydrazyl) radical scavenging activities were
67.1, 609, 46.77, 41.8, 333, 274, and 358% and as the picking time was
delayed and the size increased, the DPPH radical scavenging activity was
seen to be decreasing. There were no regional differences. The PMs of
September showed 35.8% which was higher than those of August and it was
a smaller number than that of 4-bcm sized ones of August and as the
picking time is delayed, it can be said that the DPPH radical activity
decreased. The DPPH radical scavenging activity in the CUP extract was
28.1% and it was confirmed to be lower than PM. Lastly, in order to examine
the effect of NO(Nitric Oxide) inhibitory, PM’s MTT assay cytotoxicity was
tested and all samples were found to be non-toxic up to 400ug/ml. In
addition, the results of the NO inhibitory effect were 1791, 14.70, 13.19, 10.19,
6.93, and 2.26% and it tended to decrease as the picking time was delayed
and the size decreased. It was confirmed that no regional differences were
seen in all of hesperidin, total polyphenols, DPPH radical scavenging activity,
and NO activity inhibitory effects.

Although there is no regional differences in PM, we have found the smaller
size and earlier the picking time, the more antioxidant and anti-inflammatory

effects than CUP.
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1. A LA (Reactive oxygen species, ROS)

g2k~ (Reactive oxygen species, ROS)+= superoxide anion, peroxyl radical,
hydroxyl radical % &% F 9 free radical® ©]Fo]#glt}. ROSE & A&
el Al AMESe] AT AYEE AssgEe doele] 2u
A3, o 5ol 913 wae felor FEHm Yok ROSE AE BF F4F
of 4 E PR Zhd AstEg AU7] BJW ROSE AZTALE
21 DNA, Wl ol 484 &4 doA Axel Z4He YaE A8 shol
zAW] A £4& 48 9F, w3, G} 2L o A 2D

k8] AstAEdAE AAEZES 245 A7 95 AllE 7419

7FA71AY ROSE =4 & § e A dAstA 2= Butylated hydroxy
tolune(BHT), butylated hydroxy anisole(BHA) %°] dovt A &4 Ao
Mol X =Ado=z A s i & 2o flavonoid, tocopherol, ascorbic
acid? Z& A FastAe] g A7 APEa Jdom[9] HT HAE
freffe] garstAlE R A9t sk FAlE Wskar itk [19]

2. 9= (Inflammation)

9% (Inflmmation) & Aol vholel 2wl A, whelelol, 218 A5, 5814 A
I 5o FABA F90l U AAY Wl WEoT AT U BAIH 4F =
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A 352 tumor necrosis factor-a(TNF-a), interlukin-6(IL-6), interlukin-1B8(IL-1
B)e} e HAAFA AlolEFICIE o8] 2w w [21] IL-1B(interlukin-1B),
TNF-a(tumor necrosis factor-a)©= @E8-8 7] #HH = 95 2 AA=E
IL-6(interlukin-6)¢] Ato]E7F1S Al dFs FEetrh[22] dSrbsel o
st A AlEZe A Al Z(macrophage) 2 o2 &
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HAZo = FHEHe] NO 2 prostaglandin E, (PGE, ) %S¢ 9= <1x7}
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1) olsaty =4

(1) Hesperidin A ZAAE AA 2 24

A8 PDA A=7]|2 A% (Waters Acquity H Class) UPLC & AF&83 o
o &4 Software= Empowergs AF&3stdth #4448 AW YMC J'sphere
ODS-H80 Column(4.6mm x 250mm, 4pum, 8Smm, YMC) < A}-&391 3 Injection
volume2 10uL, %2 1.0mL/min, 29 2% 25ColA EA5<3)

T+ =4 FEFe oty How Atskdth

EA

=]
EN
o
{1}
%
ot

(%) =

(2) TPC(Total polyphenol content)
I FEEY F EY9E FH(TPC) & WY # Folin-Denis WH[19]& 53}
of Z2A3AtE FH4 0ul & AE (10mg/ml) 10ulS 9%6wellel ZF H7bs &
Folin—ciocalteu’s phenol reagnet(SIGMA-ALDRICH)E 10ulE 713k & A2
31 g AT 2M Na, cos €4S WH&&Ed 20ulE H7bshar, 1413 &4
ol A ®FS-AlZth Micro plate reader (BIO-RAD)o 23] A9 4 750nmol A
S8t oWl ZFEHFTHA AREE EFE4E gallic acid(SIGMA) o] it
0, 625, 125, 250, 500, 1000% 9] sLx= FAste] AAdE mT-HEFFHoZHH
o}

Zy FEE9 polyphenol $HS kst SAHGEIEZEE GAE(gallic acid

o

=

equivalent)/g= AF-&3} %1t



2) ¥ 23

(1) DPPH free fadical &7 % &3

DPPH(2,2-diphenyl-1-picrylhydrazyl) 2tz 4252 Bloise] WH[34]S k3t
Wwgste] A4t dA FEZ AZRT Ag-E9 100ule 0.4mM DPPH(Alfa
aesar) &9 100ulE 7Fete] 412 5 A4 30 WA SGAT FHAEA
(BIO-RAD)ol| ©]&l A-&ollA 517nmel A 543tk DPPH radical &4 &4
ol o] 2oz Aiared

rr

A -B
DPPH radical scavenging activity (%) = A X 100
A : DPPH &3% % - MeOH S3% 3t
B : Sample®] DPPH ¥h& &33% # - Sample?t MeOH &% F3%= %

3) Az Wi £ NO 84 A3 &3

(1) Al = n)

T Aol AR MEF= vh2e] tiA A EQ RAW2647 AEE ARSI S
o AE S 98 10% FBS(fetal bovine serum) 2 1% penicillin &2 %43
¥ Dulbecco’s modified Eagle’s medium(gibco) i A& AF&3FAt}. A& 37T,
5% CO, x5 frAlste] widetAar 29 A2 A wids Attt

(2) MTT assay®ll &3t Alx 54 Al

Axe 54 AEE gAdstr] 9t MTT AldHez A3t 96well plate
of 1x10° cells/well®2 190ul® seedingd}il 37C,5% CO, Astoll A 3 2441 7F
EF S g = 7 F%2(0, 25ug/ml, 50ug/ml, 100ng/ml, 200pg/ml, 400pg/ml)=
10p1# sample #2]sto] thAl 24A13F wj Fepadtt. o] % SAoll A bmg/mle] &%
°] MTT(3-(4,5-dimethylthiazol-2-y1)-2 5-diphenyltetrazolium bromide) *|2FS-
S0uls F7bske] qbaolA 37CeolA 3AIZE REGAIZIS, Aol AASA. o



71l DMSO(Biosesang) 200ulE 3 7Fsto] Aroldle AMzet wkgsho] AX
formazan I A ES £3fA 7122 Micro plate reader (BIO-RAD)ol| 2o]a] 229
A 54nm=E FHEE FAst] AX AFE)S Arteir RE AdT2 3
3] WhEeg o M AEEE ot Ao wet ALt §HA

cell Viability(%) = A& Ht F3=/ txo HF F34= * 100

(3) Nitric oxide(NO)%¥2] &4

96well platedl] 1x10° cells/well2 180ul¥ &3k 37C5% CO, =73}l A
< cell ©] 60770% A+t = (24A1%F) A5 (200ug/ml) = 10ulE sample # 2|3}
o] 1A]ZF o]% LPS(Lipopolysaccharides from Escherichia coli:O111:B4) (1u
g/ml) & 95 % St incubation SFRATE 24413 Wi F FF F AlE v s
b 100ule} Griess reagent[1%(w/v) sulfanilamide in 5%(v/v) phosphoricacid¢}
0.1%(w/v) naphtylethylenediamine-HCI]E 100ul%® &3%3}lo] 96well plateol] A
1025 BFSAIZIF 540nmell A F3 =5 43t Sodium Nitrite(NaNO, )
& AH&3te] standard curves AAste] NO A4 A&t e APTE

33] W3l

o,
ol

4. SAAE

A5 FE# (Premature mandarin, PM)& A9, 27|, AHA| 7] w& A 747}
st &4 ¥

2 zFolo] ek 4> ANOVA(Graphpad prism 7.0, La Jolla, CA, USA)Z A}

£t . p<0.05, p<0.01 2 p<0.001 =AM 2 FoAS AAAL

@

ol

rl
[}

A gae] e AyE meantS.EM o2 Fdstglon, £



m. 23 € 1

b

1. olststx 5y

>

1) Hesperidin A% A& A

E4S AASH] flste] digd= ofd
A 11704 2 A Fo)ekEetd gyt A ekd -3 3 (Citrus unshius pericapium,
CUP) 3+ofa) #=4 Z+3F Ad7Ad e B uA[35]2 Farsle] PMel Flavonoid ]
TANES g9 2 AZAPES FH57] skl Table 1 3 o] &4 A&
Rgete] AFo| kgt Aokdg ) Xy ghekx] F4 xFst HaA 9
A=zvtETd (Figurel) ¢ PM¢ A=ZrtEIH(Figure 2)s Ho] wiF&

(RT)E &<213 A3} peakl narirutin, peak 2% hesperidin, peak3<

mlo

neoponsirin®. = FF & 4 Jrv}. F71H 22 Hesperidin?} Naringin 3%
Tujsle] EA 54 3 (Figure 3,4) Naringin & Ald &4 W Qs Bz 3
AL, peak2E U3 RTE ¥ U3 UV spectrum®] | Elo] A X 3te] (Table.
2) hesperidin® = ¢l sttt 219 oAl F4 EF3t Haux H gl of

A W AEAES F3189] hesperiding A FAAEoRE AT 989 7%/

o
i

.{_4

, AFAZI wWE PMY AEEAES 3 al(Figure. 5)
hesperidin $F&< Al4kstS th.(Table. 4)

A Aoz A7lol wet Hesperidin®] o &4 A3 2771 A=
A 717 WS Hesperidin & ol =2 A& &< (Figure. 5) st3lem 9

4 AT FEHIL = PMe o] 8€¢ 576cm ¢ PM¥ ghiko]l fARSHA

_’IO_



UelgE Aoz Hwol AFPA 77} WESE hesperidin 3F&Fo] =
g g Sk

7 5(2002)[36] A5 AHAF A=/ 9F "= hesperidin = A 3 4
7 9F F 5% (A, sAE, W, WE 2 WE)ol A hesperidin gFEFo] 234 A
FAA(Aug, 31th) 12 A FH (Aug, 9th)gk Al 5ol Hl&f ¢F 25735% 7}A] 3heFo]
2 ettt B skglen 23 AF olF Aol AaHo] wel ko]l A
Zraske] mpA et A3 Al (Oct, 29th)ell = 2719 oF 45764% 744 Fashdvta

B skt ‘A3l M= hesperidin @ aFol 22k A Algel wls] 12k A

rlo
A,

I~
—

& A Fol A 68%7HA FhFel A dlom L o] Fol= mpxt AFH A7HA
W7 Aol vk B sto] B AFAIAe} fAE AEES UElE S
shel T At EEE AEY vsHR S BHu =2 Ao, f714h
s 9 ZgHrole 7t vt 2elA 9 om[7] hesperidin® Flavonoide)
g FFEA hesperidin FFE FEAZIZE wmESFE, A7)V ASFH
hesperidin®] #&Fo] ¥/ Yehd Aoz ddd

Lee 5(2021) [37]91A4 @A4kst &4& delds A&
ghr ol = FheFe 4bst Adel A A stvhal Bl siivh bl B A A A

N AN Ae5E, AR

d
]

il

_ﬁ
)

B>
2
=2
o)
ofj
i)
il
We
of

il

=
=5
A FEo] 9= hesperidin 5 [Flavonoid]¢] &4k

S7HAZ Ao m ArmEn. [38]

o] ke AastH 5 e FlavonoidAl A #<91 naringin® hesperidin
SheFe o €53 Wol g Ho dom wxy o uf FEfo] momw A
o] & Hol wel ¥aHow a3t B d9on Kang 5(2005)[2]9

w2 g gyle] dpEol e AHoldFE FE pectine® 53 Aol
il 1
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Instrument Waters Acquity H Class UPLC

Detector PDA detector

Wavelength 280nm

Column YMC J'sphere ODS-H80(4.6mm x 250nm, 4pm, 8Smm)

A 1 0.1% H3PO4 in D.W
B : 0.1% H3PO4 in ACN

Flow(mL/min) | Time(min) A(%) B(%)

0.0 82.0 18.0

Mobile phase 20.0 82.0 18.0
60.0 45.0 55.0

1.0 70.0 0.0 100

80.0 0.0 100

81.0 82.0 18.0

90.0 82.0 18.2

Injection Vol. 10 uL

Temparature 25 C

Run Time 90 min

Table. 1 Condition of HPLC for analysis of hesperidin
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Figure 1. HPLC chromatograms of standard mixture and Citrus Unshiu
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Figure 3. HPLC chromatograms of standard Hesperidin
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Figure 4. HPLC chromatograms of standard Naringin
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Figure 5. UV Spectrum compared with hesperidin and premature mandarin
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Instrument Waters Acquity H Class UPLC

Detector PDA detector
Wavelength 280nm
Column YMC J'sphere ODS-H80(4.6mm x 250nm, 4pm, 8mm)

A 1 0.1% H3PO4 in D.W
B : 0.1% H3PO4 in ACN

Flow(mL/min) | Time(min) A(%) B(%)

0.0 80.0 20.0

Mobile phase 14.0 78.0 22.0
20.0 0.0 100

1.0

25.0 0.0 100

26.0 80.0 20.0

35.0 80.0 20.0

Injection Vol. 10 uLL

Temparature 25 C

Run Time 35 min

Table. 2 Condition of HPLC for analysis of hesperidin

_15_



0.24-]
022+
0.20
0.18
0.16
014
0.12

AU

0.10

0.08

0.06]

0.04

0.02

0.00

12516

™ =

(SAM 1)

0.22-

0.20-

0.18-

0.16—]

0.14—

0.12-]

AU

0.10

0.08-

0.06—

0.04—

0.02-]

0.00

O04E

12.263

(SAM 2)

T T T T
200 4.00 6.00 8.00 10.00 12.00 14.00 16.00

T
18.00

T
20.00

T
22.00

T
24 .00

AU

40428

12.462

(SAM 3)

T T T
2.00 400 6.00 8.00 10.00 12.00 14.00 16.00
Minutes

_16_




AU

10464

12492

T T
1200 14.00

Minutes

T
6.00 8.00 10.00

A

0.08-]

0.06-]

0.04—

0.02

0.00

404879
-

]>12.435

(SAM 5)

T T
12.00 14.00

Mimustes

T
200 4.00 6.00 8.00 10.00

T
24 00

0. 14

0.12

0.08-

A

0.06

0.04-

0.02-

0.00

40 440
o

12.466

0.00

(SAM 6)

T T T T
12.00 14.00 16.00 18.00

Minutes

T
10.00

_17_




0.045-
g
& g
0.040 -t =
[=+] ks
2 3
0.035
0.030
0.025
2
0.020
0.015
0.010
0.005
0.000-
T T T T T T T v T T T T
o.00 2.00 4.00 .00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes
f=:]
op oy
F =i
0.050— b ~
~t o
0.040
0.030
=2
<<
0.020
0.010
0.000
T T T T r T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes
0.060 D =+
+ =
P o
0.050
0.040
=2 0.030
0.020
0.010
0.000]
T T T T T T T T T T T
0.00 2.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes

_‘|8_



0.045
0,040
0.035]

0.030

AU

0.020
m,ms—f
o,mcé
o.oo&f

0.000-

T T T T T T
0.00 2.00 4.00 6.00 B8.00 10.00 12.00 14.00 16.00 18.00 20.00 2200 24 .00

(SAM 10)

0.060-

10007

49 A04

0.050

0.040

AU

0.030]

T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

(SAM 11)

Figure. 6. HPLC chromatograms of Hesperidin for premature mandarin

# #SAMI1: Premature mandarins harvested in July, Aewol, 273cm; #SAM2: Premature mandarins
harvested in July, Aewol, 374cm; #SAM3: Premature mandarins harvested in July, Aewol,
475cm; #SAMI14: Premature mandarins harvested in July, Namwon, 2 3cm; #SAMDS: Premature
mandarins harvested in July, Namwon, 374cm; #SAM6: Premature mandarins harvested in
July, Namwon, 4 5cm; #SAMT7: Premature mandarins harvested in August, Namwon, 4 5cm;
#SAMS: Premature mandarins harvested in August, Namwon, 5 6cm; #SAM9: Premature
mandarins harvested in August, Namwon, 6 7cm; #SAMI10: Premature mandarins purchased in

September; #SAMI11: Citri Unshiu Peel;
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Area Date of harvested size Hesperidin (%)
2-3cm 3.15
Aewol Jul 3-4cm 3.18
4-5cm 291
2-3cm 3.46
Jul 3-4cm 2.96
4-5cm 2.62
Namwon
4-5cm 1.68
Aug 5-6cm 1.58
6-"7cm 1.96
Purcahse Sep 1.56

Table 3. Content of hesperidin for premature mandarin
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Figure. 7. Total polyphenol content of premature mandarin

# All values are presented as the mean * S.D

# *p<0.05;, **p<0.01;, *#xp<0.001;, sx+3x<p<0.0001
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sample

Total polyphenol

Date of . contents(mg GAE/g)
Area size
harvested
273cm 48.0+0.006
Aewol Jul 3 4cm 40.5+0.024
475¢cm 36.7+0.004
273cm 54.0+0.006
Jul 3 4cm 41.4+0.011
475¢cm 37.8+0.006
ONamwon
475cm 29.5+0.001
Aug 576cm 23.2%0.001
6 7cm 22.9+0.005
Purchased Sep 19.3+£0.005
Citri unshiu peel 25.0£0.008

Table 4. Total polyphenol content of premature mandarin

# All values are presented as the mean * S.D
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Figure. 8. DPPH scavenging activity of premature mandarin

# All values are presented as the mean £ S.D

# *p<0.05;, **p<0.01;, *#xp<0.001;, s*+xx<p<0.0001
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sample

DPPH radical scavenging

Date of , activity (%)
Area size
harvested
273cm 66.5+2.29
Aewol Jul 3 4cm 62.0£2.88
475cm 52.2+1.15
273cm 67.1+£2.64
Jul 3 4cm 60.9+3.76
475cm 46.7+0.98
Namwon
475cm 41.8+0.84
Aug 576cm 33.3+£1.68
6 7cm 27.4%0.25
purchased sep 35.8+1.55
Cutri unshiu peel 28.1+0.14

Table 5. DPPH scavenging activity of premature mandarin

# All values are presented as the mean * S.D
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Figure 9. Cell viability of premature mandarin in RAW 264.7 cells.

# #SAMI1: Premature mandarins harvested in July, Aewol, 273cm; #SAM2: Premature mandarins
harvested in July, Aewol, 374cm; #SAM3: Premature mandarins harvested in July, Aewol,
475cm; #SAMI14: Premature mandarins harvested in July, Namwon, 2 3cm; #SAMS: Premature
mandarins harvested in July, Namwon, 3 4cm; #SAM6: Premature mandarins harvested in
July, Namwon, 4 5cm; #SAM7: Premature mandarins harvested in August, Namwon, 4 5cm;
#SAMS8: Premature mandarins harvested in August, Namwon, 5 6cm; #SAM9: Premature
mandarins harvested in August, Namwon, 6 7cm; #SAMI10: Premature mandarins purchased in
September; #SAMI11: Citri Unshiu Peel;

# All values are presented as the mean £ S.D

# *p<0.05;, **p<0.01;
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Figure. 10. Effect of extract from premature mandarin(PM) on the NO

production in macrophage cel(RAW 264.7).

# #SAMI1: Premature mandarins harvested in July, Aewol, 273cm; #SAM2: Premature mandarins
harvested in July, Aewol, 374cm; #SAMS3: Premature mandarins harvested in July, Aewol,
475cm; #SAMI14: Premature mandarins harvested in July, Namwon, 2 3cm; #SAMDS: Premature
mandarins harvested in July, Namwon, 374cm; #SAM6: Premature mandarins harvested in
July, Namwon, 4 5cm; #SAMT7: Premature mandarins harvested in August, Namwon, 4 5cm;
#SAMS8: Premature mandarins harvested in August, Namwon, 5 6cm; #SAM9: Premature
mandarins harvested in August, Namwon, 6 7cm; #SAMI10: Premature mandarins purchased in
September; #SAMI11: Citri Unshiu Peel;

# All values are presented as the mean * S.D

# #xp<0.01;, ***p<0.001;
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sample
NO Inhibition (%)
Date of )
Area size
harvested
273cm 18.76+0.81
Aewol Jul 3 4cm 15.68+0.67
475cm 15.33+0.32
273cm 17.91+0.76
Jul 3 4cm 14.70+0.47
475cm 13.19+0.68
Namwon
475cm 10.19+1.21
Aug 5 6cm 6.93+£0.25
6 7cm 2.26+0.25
Purchased Sep 6.03+£1.87
Citri unshiu peel 6.29£0.65

Table. 6. Inhibition of nitric oxide production by premature mandarin in RAW
264.7 cells.

# All values are presented as the mean * S.D
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Figure. 11 Inhibition of nitric oxide production by premature mandarin in

RAW 264.7 cells.

# All values are presented as the mean * S.D

# *p<0.05;, **p<0.01;, **+p<0.001;
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