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Changes in the Constituents and Antioxidant Activity in Accordance with
the Processing Conditions of Citrus unshiu Markovich

Bae Cheon Cha*
Department of Pharmaceutical Engineering, College of Health Sciences, Sangji University, Wonju, 220-702, Korea

Abstract — Processing of medicinal plants is one of the processing methods for reducing of toxicity or improving of effect on
medicinal plants. In this study, we studied the changes in the constituents and antioxidant activity in accordance with the pro-
cessing conditions by the salt water of Citrus unshiu Markovich. Changes in antioxidant activity was measured by the DPPH
method and changes in the components were analyzed by high performance liquid chromatography. As a result, the content
of the main constituents (narirutin, hesperidin) and total polyphenol were increased by increasing the concentration of salt water.
Moreover, antioxidant activity was increased gradually in proportion to the increase of the total polyphenol content.

Key words — Citrus unshiu Markovich, Processing, Antioxidant activity, Constituents, High performance liquid chromatography

Sokst gefe

AMgal7] Behe

AAEZDZHE AojH]7] it 2=
o] g0 Q3 FEE 73S AXA H

B, ol e 4 4 EE EAl A FAE o}
AE Fejste] o 2o 2Aste] /g Aelste] F-Agolt

549 A7k, oo sl a5l Wal 9 B 2l &
olel=E HPAT|= e AR 7EE 2sgds Al
A FgEe AEAQ et £8 o gAY =3 &
< o] ARgEl S7IE AAY e E, Ax, Ao, A

59 o] &3] oS Fgeith? O F oFEuldte] o
HA T GA RS 7S o]83sle] B
2, GAIE s HEHeE So7Ml =Ha &
g7 & 32 F2E= a%0] Aty 3
A3 AFEE FARef o] FAdo] et ghof
o3k ZAJe) Az A ge] FR]o) 27 oF
5. 2o Qze FHaH @ 22 FA9
Ae)gg”) B3 AT A3t Baso]

lo mnow
roj

)

N,

o
H‘

s
z

.UJ
N/

2 1o ox 2 Ot
% fo 1o

23 (Citrus unshiu Markovichy= #UF E= 7€} 55
SAAE (A2 Rutaceae)d] d< ot} F=olx=

*W A ZHE-mail) : bccha@sangji.ac. kr
(Tel): +82-33-730-0554

23

C. reticulata Blanco®] 3|5 22W, %3 215 4 F vf

hesperiding 4.0% ©)3S Fatal Ado=2ZA = FEiZE o

BaA e AR FAE oF 2mmolt). Wz We 37
Aol o7& Falol T FAlo o7 Ao 0BG A
o Bom, qhEe Mol gie sgalolth AAL 7k
3 B2EA7) 495 Sold WAL QU ke 2w of
7ve] 3] Qiek. A whE I g wo] S sole ek

o] Zalal o) F2 Zlo] Frh A ek ot
=1

Y

= polyphenoFF, vitamin¥F, lemonoid¥, synepheine
o] t}eFst SFES S5l 99, rutin 2 deosmine
o] o d o

AWFA 2l flavonoid ¥+, hesperidin, naringin % citrus
E-59] flavonoid®, B8k A4} FHAoA H AT X
7 319] tangeretin, nobietin 52 flavonoid7}
wlo] glep !

AT o] 7H ok AN ZhevlelA dArg e
2 7RAE gk Aol thate] A A, $o AR wst 4
gpaksl g4 WSS high performance liquid chromatography
(HPLC) ¥43} DPPHH S ©|-&-ste] H|awalgi7]o] o|& B
arskazl gt

§2 X ot oft oy

1

Jo orr
oo



N

N

N

o

L

o

ey

)

)

ro

o

>

)

Iy

o

iy

)

Y

o

ox

S ot 4

= K W
I
>,

RN
>,
~y
Y
™,
=
Ll
>
ok
Q‘L
N
&2
rlo
=
_>‘J_Al
Ac)
>,
il
o
2 f
83

ob ofp 1 A Ay

okat 100% HIF o= A|Z3F 3%, 6% T &7
ol 12 A7k 24 Akl A2l F 71 A
of A XIS A AE ARSI, S
theta Aokzstat ookt A o] B Folnt.

717 ¥ Mgt - A3l A-8-% high performance liquid
chromatography+ Varian Prostar Workstation System(USA)
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High Performance Liquid Chromatography &4&
gt FFEHo| M= - Z}7e] HFEES methanole|Y 50%
methanol®l] 4] FEE 0.5 mg/mLZ TS o] 4L
WAF o= s|Aale] FErt 242} 5, 10, 20, 50, 100 pg/mL
7t HEE A FE THE, 15% 7F vortexingd $ 0.45 um

membrane filter= 3}ste] ARE-3}SAT}.

o & F&29 AN M= -39 == 9 Mg »
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& AollA 37 33] S =& 3§, s A S 5
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FZE 10mgS 50% methanol | mLE o], 15% 7+
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o}, AAl= ZF2F9] methanol 52 10 mgS methanol 1 mL
2 Zolal, 15% 7} vortexing ¢ ¥ 0.45 um membrane
filter= o3}t A OZ 3Tt

ZI|e| High Performance Liquid Chromatography
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Pak C4(4.6x250 mm, 5 um, Shiseido)S AME-3FA AL, 24
25E 40°C, ZE7]E UV 285nm, o540 2E 33 5
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Mobile phase

Time Flow
(min)  (mL/min) A B o
(Water) (Acetonitrile)

0:00 1.0 90 10

Gradient  55.09 1.0 80 20
profile

35:00 1.0 70 30

45:00 1.0 75 25

55:00 1.0 80 20

60:00 1.0 90 10
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Table I. The content of H,O and methanol extracts obtained from various Citrus unshiu Markovich

Condition” Extract solvent Sample(g) Extract(g)

H,0 5.0 1.78

Raw(1)
MeOH 5.0 1.44

No processing

H,0 5.0 125

Dry(2)
MeOH 5.0 1.02
H,0 5.0 217

Raw(3)
3% NaCl solution MeOH 5.0 1.83
12 hour Dry(d) H,0 5.0 1.57
g MeOH 5.0 1.05
H,0 5.0 2.93

Raw(5)
3% NaCl solution MeOH 5.0 2.11
24 hour Dry(6) H,0 5.0 1.68
2 MeOH 5.0 1.10
H,0 5.0 2.99

Raw(7)
6% NaCl solution MeOH 5.0 2.56
12 hour . H,0 5.0 1.79

D

V() MeOH 5.0 1.16
H,0 5.0 3.02

Raw(9)
6% NaCl solution MeOH 5.0 2.63
24 hour Dry(10) H,0 5.0 1.85
Y MeOH 5.0 1.18

“Processing samples were dried by frying pan after treatment for 12 or 24 hours with 3 or 6% NaCl solution.
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Fig. 1. High performance liquid chromatography chromatogram of the standard mixture(A), methanol extract-2(B) and methanol
extract-10(C) obtained from Citrus unshiu Markovich at 285 nm. (1) narirutin; (2) naringin; (3) hesperidin; (4) naringenin; (5) hes-

peretin.
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methanol?} & F&59) T-f5 FoA4589] gl=ks 7kzf b
Z3le] Table 1o YERN AL Table MIOIA <} 7Ho] A7
y|o] 4=x] Ae| & FZE-2| narirutin 6.72 mg/g, hesperidin
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Fig. 2. High performance liquid chromatography chromatogram of the standard mixture(A), H,O extract-2(B) and H,O extract-10(C)
obtained from Citrus unshiu Markovich at 285 nm. (1) narirutin; (2) naringin; (3) hesperidin; (4) naringenin; (5) hesperetin.

Table II. Calibration curve equations and R’ values of
narirutin, naringin, hesperidin, naringenin and hesperetin
standard

Sample Equation R’
Narirutin y=6345.4x-18820 0.9988
Naringin y=6531.2x-12396 0.9998
Hesperidin y=7321.4x-12527 0.9999
Naringenin y=19193x+71811 0.9998
Hesperetin y=15835x+40280 0.9999

23 Shine] Ao} fA1% Aok BT B3 methanol
2 FEoke At =2 758 A5 2ok FeARe] #
Fol dd oz =7 vepded et & FF BRue
methanol2 FZ3h= 71| narirutin?} 22 flavonoid A2

o) A eS| FE £4% PINE 5 ohtel
ol = = 98-S AL gl o) Chang 579 &

=4k 7hg AF)o] B84 o] gel Ag ATl E F=
hesperidin &-3o] 5.07%2t2. H3gE AL I T uf A
o] zpolof] mE 3t xfol= EANSHZAIAIRE flavonoid WS
A &4 F2& BiIME BERUE A7]18W e &
I 718 o] E£F &l E o]&shs Aol Bt f-&-35te
2}al ks oK

ARH ] Fx He] E FEE°] narirutin 6.72 mg/g,
hesperidin 12.47 mg/goll X 6% AFEZ 2447 23 A
3] B FEFE9| narirutin 12.11 mg/g, hesperidin 23.42
mg/gE F7FeFAAL, ARve] £3] A & FEEY
narirutin 5.18 mg/g, hesperidin®] 10.64 mg/goll A 6% A=
B2 24X A8 AR 9] B FEE2] narirutin 8.65 mg/
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Table III. The content of narirutin, naringin, hesperidin, naringenin and hesperetin on H,0O and methanol extracts obtained
from Citrus unshiu Markovich by various processing conditions

Sample Narirutin Naringin Hesperidin Naringenin Hesperetin
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
H,O-1 6.72+0.03° N.D. 12.47+0.09° N.D. N.D.
H,0-3 7.59+0.05" N.D. 18.95+0.06" N.D. N.D.
H,0-5 8.44+0.04° N.D. 20.68+0.16° N.D. N.D.
H,0-7 9.62+0.07° N.D. 22.46+0.10° N.D. N.D.
N H,0-9 12.11£0.07° N.D. 23.43+0.09° N.D. N.D.

aw

MeOH-1 12.52+0.15° N.D. 51.06+0.12° N.D. N.D.
MeOH-3 13.810.13" N.D. 55.32+0.16° N.D. N.D.
MeOH-5 14.85+0.14° N.D. 57.75+0.13° N.D. N.D.
MeOH-7 17.66+0.16° N.D. 67.77+0.18" N.D. N.D.
MeOH-9 18.42+0.13° N.D. 70.55+0.13° N.D. N.D.
H,0-2 5.18+0.04" N.D. 10.64+0.07" N.D. N.D.
H,0-4 5.90+0.06" N.D. 17.11£0.16" N.D. N.D.
H,0-6 6.29:0.08° N.D. 20.19+0.18° N.D. N.D.
H,0-8 8.08+0.04 N.D. 22.40+0.14 N.D. N.D.
5 H,0-10 8.65+0.08° N.D. 23.340.14° N.D. N.D.
g MeOH-2 10.520.19° N.D. 41.210.16° N.D. N.D.
MeOH-4 12.35+0.15" N.D. 51.15+0.17° N.D. N.D.
MeOH-6 12.87+0.08° N.D. 60.54=0.12° N.D. N.D.
MeOH-8 14.27+0.15 N.D. 66.48+0.15 N.D. N.D.
MeOH-10 14.28+0.13¢ N.D. 68.30+0.13¢ N.D. N.D.

Each value represents the meantS.D. of three experiments. “*Means with the different letters are significantly different(p<0.05)
by Duncan’s multiple range test. N.D. is not detected.

g, hesperidin 23.34 mg/g=. S7Fsh= 23S UehiRlaL, o Flm|et XI5 ZI|e| DPPH 2iC|gt A& W
W2 AYEE BF FARE 435 B wel Axvel Ao WE 21¥] A|852] DPPH radical 2AE4E =%
ARy B el weoh 73 Aol S7tEE 0 AHE Table Voll YERKRIT 1tsh 72 th?] BHA
2% o] fold A TRl S ERIT 4 Atk 9 EIHERTE 3t oflod, B FEE0] 0.088-

Timlet X3t Tulel & Z2|ulz & #Hst - Wy 0.062 mg/g 322] 50% A F=F H.o]3l, methanol 5
FA A, Fo| BE A5 F EEHs FFS S-S A =52 0.098-0.073 mg/g®] 50% <Al FEZ Bl wh
= Table IVell YRS & E9ls e = 55 E FZEE0°| methanol FEERTR= oFF 73t dhits) &

o] 5.83-283 mg/ge] ¥ £ ﬁﬂéf @%wl TEZ L3-S VRIS B3 ARITe] & FEwe] 3 A9 50%
6.53 mg/g®] methanol FE=RTH £ & ZEjvs IS oA F=7} 0.068 mg/gll Al 3% 12A4] 7Fel = 0.068 mg/g,

Btk 18] 1.17-28.33 mg/g«] %P%k A AT 3% 24A 7= 0.066 mg/g, 6% 12A17Fl= 0.064 mg/g L
1.13-10.53 mg/g®] A%y Hr} & E2julE Aol =7 b 2lal 6% 24A1%F AR Foll= 0.062 mg/gel 50% A &
Bttt B9 A9 & FEE0] T EPdE el & & Holg T A wE &uEe] wxdt A St
2] A 1250 mg/gl A 3% 12417kl = 19.05 my/g, 3% 24 o we} kst BAo] a4 Aeste 43S eI
A7kl = 21.18 mg/g, 6% 12417l & 24.25 mg/g za o A% 199 2] A, Fol| wE s D] wske
6% 24417 A7 o= 2832 mg/ge UERE T & 257 e] 394382 narirutin?} hesperidin®] 3% Z71oh=

ool oI5t 300l SJal 5] £ Felel Gael 4 WAglo] 2EE0] ol un £ Eeldmel B0 &
oz kel Age na. oM 2283} 40 we} & Felvls Aol A%H =
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Table IV. The content of total phenolic compounds on H,O
and methanol extracts obtained from Citrus unshiu
Markovich by various processing conditions

29

Table V. Radical scavenging activity of H,0O and methanol
extracts obtained from Citrus unshiu Markovich by various
processing conditions

Sample Total phenol(mg/g) Sample 50% Reduction(mg)"

H,0-1 12.50+3.00° H,0-1 0.068+0.003°
H,0-3 19.05+1.16° H,0-3 0.068+0.008"
H,0-5 21.18+3.96" H,0-5 0.066::0.004°
H,0-7 24.254+2.55% H,0-7 0.064+0.007"
Raw H,0-9 28.3211.442‘1 Raw H,0-9 0.062+0.004°
MeOH-1 1.71+0.27 MeOH-1 0.097+0.010°

MeOH-3 3.80+1.22° MeOH-3 0.094:£0.003
MeOH-5 5.27+1.34% MeOH-5 0.0900.003"
MeOH-7 6.26+0.24° MeOH-7 0.084+0.007"
MeOH-9 6.53+0.64° MeOH-9 0.073%0.008"
H,0-2 5.8342.27° H,0-2 0.088+0.006°
H,0-4 5.93+1.24° H,0-4 0.088+0.004°
H,0-6 8.45+1.16™ H,0-6 0.073£0.003°
H,0-8 9.63+1.23" H,0-8 0.072+0.002
Dry H,0-10 10.53+2.32° H,0-10 0.069+0.004°
MeOH-2 1.13£0.81° Dry MeOH-2 0.098+0.007"
MeOH-4 3.83+0.36" MeOH-4 0.094+0.007"
MeOH-6 4.15+0.70" MeOH-6 0.091%0.003"
MeOH-8 4.37+0.09" MeOH-8 0.091::0.007"
MeOH-10 5.23+0.62° MeOH-10 0.090£0.004°

e e e oy T
0.05) by Duncan’s multiple range test. BHA 0.015+0.001"

7¥ek 9o F Z2)H)
o] AZN AJEre

1T oo w.m
Za)sls § 7ol 7&1 OB (A K090/ 7}

2]l tﬂr% g 24 C] wistel] gk Bl
‘-‘4?4 o}L}E AF=2t LeztEe] X9 9 A9 E 3%
o} 6%°] ~E= A7 )3 3 2}
methanol® =3+ X9 F=Eo tist] Fa4%2] T,
2 kst 4 WsE Bl A s
9] FEFE T4 & AlETt Ao R FA6HA] o
o

. 4}1
5
>,
L
)
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Each value represents the meantS.D. of three experiments.
“*Means with the different letters are 51gn1ﬁcantly different

(p<0.05) by Duncan’s multiple range test. "Amount required

for 50% reduction of DPPH(2x10” mM, 0.079 mg/L) solution.
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