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Abstract

A new early maturing satsuma mandarin (Citrus unshiu Marc.) ‘Haryejosaeng’ was developed at the Citrus Research
Institute, Korea. The present study investigated the variation in total phenolics (TP), flavonoid, and antioxidant
activity of fruits of ‘Haryejosaeng’ according to the harvest from September 2018 to December 2018, in Jeju.
Colorirmetric methods were employed for the quantitative TP analysis, and the antioxidant activity by in vitro
assay methods for DPPH, ABTS, hydroxyl radical, superoxide anion radical, nitric oxide, and hydrogen peroxide.
The flavonoid and carotenoid compositions of ‘Haryejosaeng’ were compared with HPL.C method. The total phenolics
contents, flavonoid, antioxidant activity in both peel and flesh of ‘Haryejosaeng’ decreased during ripening. However,
the amounts of B-cryptoxanthin in flesh increased from 0.2 to 1.86 mg/100 g during ripening. The major flavonoids
of ‘Haryejosaeng’ extract were narirutin, hesperidin, rutin, nobiletin, and tangeretin. The changes observed for the
antioxidant activity of ‘Haryejosaeng’ was correlated with the content of flavonoid and phenolics which can indicate
that these compounds may act by capturing free radicals. Therefore, these results suggest that fruits of ‘Haryejosaeng’
are a significant source of antioxidant compounds such as phenolics, flavonoid and B-cryptoxanthin. These finding
will allow the determination of appropriate times for harvesting Haryejosaengs containing the highest amount of
specific bioactive makers for achieving improved health benefits and functional properties.
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Fig. 1. Total polyphenol contents of HRFE and HRPE.

Results are mean *SD of data from three derterminations recorded for at least two
independent extractions. HRFE: Haryejoseang flesh extract. HRPE: Haryejoseang peel
extract.
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Fig. 2. Antioxidative activities of HRFE and HRPE. Free radical scavenging activity of (A) DPPH, (B) ABTS, (C hydroxyl, and (D)
superoxide anion.

The data are presented as meantstandard deviation. Results are mean+SD of data from three determinations recorded for at least two independent extractions. HRFE: Haryejoseang
flesh extract. HRPE: Haryejoseang peel extract.
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gelg 4 AUATHFig. 3(B))(24,25).
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Fig. 3. Antioxidative activities of HRFE and HRPE. Free radical scavenging activity of (A) hydrogen peroxide, (B) nitric oxide.
The data are presented as meantstandard deviation. Results are mean+SD of data from three determinations recorded for at least two independent extractions. HRFE: Haryejoseang

flesh extract. HRPE: Haryejoseang peel extract.
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26)7F Avta A itk shel 24 FE=<1 HRFES
HRPE 4] Zejsls ) vlelelol st 240] 571
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<9499 HRPEoﬂfﬁ aitsl & w* Jo] 714 S5k Ao=
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Fig. 4. Ferric ion reducing antioxidant powers of HRFE and
HRPE.

The data are presented as meantstandard deviation. Results are meantSD of data from
three determinations recorded for at least two independent extractions. HRFE: Haryejoseang
flesh extract. HRPE: Haryejoscang peel extract.
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Table 1. Changes of flavonoid contents of flesh and peel of ‘Haryejoseang’ according to maturation

Rutin Narirutin Hesperidin Nobiletin Tangeretin
Sep 523.9+482 3094.14199.9 753.6£59.5 2708235 102.6+8.8
HRPE Oct 399.923.6 2605.2+154.1 892.9+632 189.5+16.6 66.1+33
(mg/100g) Nov 1601102 1586.5+102.6 503.2+39.9 70.6+4.6 20,114
Dec 99.49+6.5 1047.8+88.3 48544298 65,5459 174+1.1
Sep 129.1489 134754659 226.1+203 ND ND
HREE Oct 90.07.5 966.8+48.7 248.8+20.6 ND ND
(mg/100g) Nov 848455 760.9+39.2 2492421 4 ND ND
Dec 02421 566.0£22.3 185.1417.8 ND ND

*HRFE, Haryejoseang flesh extract; HRPE, Haryejoseang peel extract.
*ND: Not detected.



Bioactive compounds and antioxidant

A (B)

—J\

capacity of domestic citrus cultivar ‘Haryejosaeng’

687

©)

1 I I

B 10.50 14.00 17.50 21.00 24.50

10'50 1400 1750

Standard 1

7.00 1050

HRFE

21700 ; 1400

o) (E)

17.50

21.00

HRPE

360 450 540

Standard 2 HRPE

Fig. 5. HPLC chromatogram of flavonoids of standard, HRFE and HRPE.

A) standard 1 (1. Rutin; 2. Narirutin; 3. Naringin; 4. Hesperidin; 5. Neohesperidin,), (B)

3l 7F2E] 0| =& lutein, zeaxanthin, 3-cryptoxanthin, a
-carotene, [3-carotene, lycopene 5°| 1o, HEIR A<]
ATA G A sl e, A o, 1Y
24 5ol HaHo] St} 7R ol A& F ?O] Zdy=y
Foll o ghHrslo] o H737] o] avhgs= A8t
gt g9 T EHE e A=
-cryptoxanthins: shel| AN A F-A s A} 519 tH28,29).
71 23} Beryptoxanthin®] 3EFe- atel| =AY o] Fghr]7]Qd
A3} 12¢ ) 1.86 mg/100g} 1.72 mg/100g= 7HF =k
Zopico = AP 9 B5ESE ko AL

al

J__.
el & iloir/}(Flg 6). A= o v =
Ue A I & 5 sUsdh
o] '@%Q‘ﬂ 24 bioactive compound S 418+ A}
25 ¢
3E 15
E; £
=
[ S
dg 1f
TE
£5
0.5 -
% g
0
0 _- 1 1
Sep Oct Nov Dec

Fig. 6. The B-cryptoxanthin contents of HRFE according to
maturation
Changes of [-cryptoxanthin contents of ‘Haryejoseang’ according to maturation. Results

are meantSD of data from three determinations recorded for at least two independent
extractions. HRFE: Haryejoseang flesh extract.

HREE, (C) HRPE, (D) standard 2 (6. Nobiletin; 7. Tangeretin), (E) HRPE.

B{d
oy
B
_0|L

mlu
e

3

i}zO]
ryptoxanthin®} B]E}FRICS] 73 -$-
< el g 4 2l th(data not shown). A]
st stel A& 5
9 g o] A aAlRe] Eo] rhed
A

AR

lo it

B 32 Ay
= Y
ofy

_0|L

_]

bioactive ﬂ%% S R

>,\l

N
N

|
S

o O

ol l‘lrm 1

LU

S ol 1B Y X0 e
O,

o o
s
_&i?ﬂ

2 o

ST
™
@44

"

==X 0

HZA FEE = E;q:q]h: lek
S A} wls 217191 9
(4.9 g/100 g)oll 71 Eo] =] U en, *%
AxF Fashe A GR1E  Ugck A7 Jﬂ T 3+
£9] ] Aol radical 227 DAl G S 7|3 DPPH,
ABTS, superoxide anion, hydroxyl, NO 2}t]Zte] 47 &4
Al HRPE®] 99 AlBollA 717 =3kom, FRAPE ©]-8-3F

G AP = 9€ o] AlgolA & 7 3t
A A F Atk T3 HPLCE o] &3 F4 23}

T2 flavonoidZ rutin, narirutin, hesperidin, nobiletin,

o?l"]'
o B
E-Lr:}—\jl
e

tengeretin®] &-7%]©] 21t} Flavonoid <A HRPES] V]
3} A|7]Q1 FEFo] A]7191 9ol 71 ko] =gtm, 3
polymethoxyﬂavonoido] nobiletin} tangeretinol o=F 34

Hol e AS At £ e, w3t R A 84

A QRO FlRE|wolE F FTHEE o 59 50
2 A Bcryptoxanthin A #-& dHd| 24 9] 847191 11
A} 1299 FEHEEAA o]l 7MY =9k,

= Qo] F7lke AL AT 5 gtk B AT Al
wel sl Ale B gee] 3 AL o] o} Yol S5



688 k=2 A58

sto] AR AM el FHAE st EYUER s,
flavonoid, carotenoid & TFU3F F-8AES -3l 9l
et gaksl @& Holmg ] 84 590 &

°
7154 A9 22 4 E B9 Fe] ARS B b
¥ Aoz oA,

2ol 2

=l =

AT EE 52318 AFAKIAIFEHA: PI013831012019)
o] Aol 93l o] Fox APt
References

1. Jeon S, Kwon H, Han S, Lee J, Cho Y (2014) Antioxidant
effect of Korean royal jelly in oxidative stress induced
HepG2 cell. J Apic, 29, 305-311

2. Kim J, Kim J, Bae JS (2016) ROS homeostasis and
metabolism: a critical liaison for cancer therapy. Exp Mol
Med, 48, €269

3. Wojsiat J, Zoltowska KM, Laskowska-Kaszub K, Wojda
U (2018) Oxidant/ antioxidant imbalance in Alzheimer’s
disease: therapeutic and diagnostic prospects. Oxid Med
Cell Longevity, 1-16

4. Azadmanesh J, Borgstahl GEO (2018) A review of the
catalytic mechanism of human manganese superoxide
dismutase. Antioxidants, 7, 1-16

5. Temple MD, Perrone GG, Dawes IW (2005) Complex
cellular responses to reactive oxygen species. Trends Cell
Biol, 15, 319-326.

6. Cha BC, Lee EH, Noh MA (2005) Antioxidant activity
of Spatholobus suberectus Dunn. Korean J Pharmacogn,
36, 50-55.

7. Lee SG, Ra JH, Song JY, Gwak CH, Kwon HJ, Yim
SV, Hong SP, Kim JJ, Lee KH, Cho IJ, Park YS, Park
CS, Ahn HJ (2011) Extracts from Citrus unshiu promote
immune-mediated inhibition of tumor growth in a murine
renal cell carcinoma model. J Ethnopharmacol, 133,
973-979

8. Li S, Pan MH, Lo CY, Tan D, Wang Y, Shahidi F,
Ho CT (2009) Chemistry and health effects of
polymethoxyflavones and hydroxylated polymethoxyflavones.
J Funct Foods, 1, 2-12

9. Nicolosi E (2007) Citrus Genetics, Breeding and
Biotechnology. In: Origin and taxonomy, Khan I (Editor),
CAB International, Oxfordshire, UK, p 19-43

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

3] A26d A6E (2019)

Fang YZ, Yang S, Wu G (2002) Free radicals,
antioxidants and nutrition. Nutrition, 18, 872-879
Valko M, Leibfritz D, Moncol J, Cronin MTD, Mazur
M, Telser J (2007) Free radicals and antioxidants in
normal physiological functions and human disease. Int
J Biochem Cell Biol, 39, 44-84

Park WS (2011) Effects of Red Ginseng-Ejung-tang and
White Ginseng - Ejung -tang water extract on hydrogen
peroxide production in RAW 264.7 cells. Korean J Orient
Physiol Pathol, 25, 78-83

Singleton VL, Orthofer R, Lamuela-Raventos RM (1999)
Analysis of total phenols and other oxidation substrates
and antioxidants by means of Folin-Ciocalteu reagent.
Methods Enzymol, 299, 152-178

Blois MS (1958) Antioxidant determination by use of
a stable free radical. Nature, 181, 1199-1200

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M,
Rice-Evans C (1999) Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free
Radic Biol Med, 26, 1231-1237

Marcocci L, Maguire JJ, Droy-Lefaiz MT, Packer L
(1994) The nitric oxide-scavenging properties of Ginkgo
biloba extract EGB 761. Biochem Biophys Res Commun,
201, 748-755

Kunchandy E, Rao MNA (1990) Oxygen radical
scavenging activity of curcumin. Int J Pharm, 58, 237-240
Benzie IFF, Strain JJ (1996) The ferric reducing ability
of plasma (FRAP) as a measure of “antioxidant power”:
The FRAP assay. Anal Biochem, 239, 70-76

Kim EJ, Choi JY, Yu MR, Kim MY, Lee SH, Lee BH
(2012) Total polyphenols, total flavonoid contents, and
antioxidant activity of Korean natural and medicinal
plants. Korean J Food Sci Technol, 44, 337-342.
Lee MY, Yoo MS, Whang YJ, Jin YJ, Hong MH, Pyo
YH (2012) Vitamin C, total polyphenol, flavonoid
contents and antioxidant capacity of several fruit peels.
Korean J Food Sci Technol, 44, 540-544.

Rice-Evans C, Miller NJ, Paganga G (1997) Antioxidant
properties of phenolic compounds. Trends Plant Sci, 2,
152-159.

Kim SS, Park KJ, An HJ, Choi YH (2016) Citrus
platymamma inhibits the expression of pro-inflammatory
cytokines, inducible nitric oxide synthase, and
cyclooxygenase-2 in RAW264.7 macrophage. Korean J
Food Preserv, 23, 1026-1032

Imai J, Ide N, Nagae S, Moriguchi T, Matsuura H, Itakura
Y. (1994) Antioxidant and radical scavenging effects of



24.

25.

26.

Bioactive compounds and antioxidant capacity of domestic citrus cultivar ‘Haryejosaeng’

aged garlic extract and its constituents. Plant Med. 60,
417-420

Shih MF, Cheng YD, Shen CR, Cherng JY (2010) A
molecular pharmacology study into the anti-inflammatory
actions of Euphorbia hirta L. on the LPS-induced RAW
264.7 cells through selective iNOS protein inhibition. J
Nat Med, 64, 330-335

Tsatsanis C, Androulidaki A, Venihaki M, Margioris AN
(2006) Signalling networks regulating cyclooxygenase-2.
Int J Biochem Cell Biol, 38, 1654-1661

Park JW, Lee YJ, Yoon S (2007) Total flavonoids and
phenolics in fermented soy products and their effects
on antioxidant activities determined by different assays.
Korean J Foods culture, 22, 353-358

217.

28.

29.

689

Hertog MGL, Hollman PCH, Putte B van de (1993)
Content of potentially anticarcinogenic flavonoids of tea
infusions, wines and fruit juice. J Agric Food Chem, 41,
1242-1246

Sugiura M, Nakamura M, Ogawa K, Ikoma Y, Ando
F, Yano M (2008) Bone density in
post-menopausal female subjects is assiciated with serum
antioxidant carotenoids. Osteoporosis Int, 19, 211-219
Ni Y, Nagashimada M, Zhan L, Nagata N, Kobori M,
Sugiura M, Ogawa K, Kneko S, Ota T (2015) Masuko
kobori, prevention and reversal of lipotoxicity-induced

mineral

hepatic insulin resistance and steatohepatitis in mice by
an antioxidant carotenoid, 3-cryptoxanthin. Endocrinology,
156, 987-999



	국내육성 품종 ‘하례조생’의 생리활성 성분과 항산화 활성
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	요약
	References


