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ABSTRACT

‘Satuma mandarin’ of Citrus, yield of which is the highest among fruits produced in
Jeju Island, is extensively consumed for processed food items. The amount of by-
products of citrus produced from the processing within a short period after the
harvest is tremendous. These by-products are mostly dumped into land or neglected
because of coast involved in processing them. Various studies are currently
underway to effectively deal with these by-products.

In the present study, we aimed to explore the usefulness of the by-products as a new
material by examining the anti-oxidative and anti-microbial activity of essential oil
extracted from citrus peels, and anti-oxidative and anti-inflammatory activity of
fermented extracts of citrus peels.

First, essential oils were extracted from peels of mature fruit of Unshu (Citrus
unshiu), and of immature and mature fruit of Setoka (Citrus unshiu x Citrus sinensis]
x Citrus reticulate] x [Citrus reticulata x Citrus sinensis]), and the anti-oxidative
activity (DPPH radical) of the essential oil was measured. The anti-oxidative activity
of immature fruit of Setoka was the highest. Test of anti-microbial activity using
paper disc method showed that the essential oils of citrus was excellent against food
poisoning bacteria, L. mono and acne causing bacteria P. acnes. In particular, the
anti-microbial activity of immature fruit of Setoka was the highest.

Second, the peel of Unshu (C. umshiu) was fermented and the changes in
physiological activity of extracts from the fermented peels were examined.
Hydrothermal extraction of pulverized peels of citrus was performed, and Aspergillus

niger was added to the extract. Then the extract was shake-cultured, and extraction
-1 -
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was performed using EtOAc. As a control group, we extracted peel from
hydrothermal extraction to EtOAc in advance addition A. niger. Anti-oxidative
activity (DPPH, Superoxide anion radical) measured by ESR spectrophotometer
showed that extracts obtained after fermentation had better concentration-dependent
activity than extracts obtained before fermentation. In addition, anti-inflammatory
activity of the extracts was examined using RAW264.7 murine macrophage cells
stimulated with LPS. NO production, iNOS, and COX-2 expression significantly
decreased more in extracts obtained after fermentation than extracts obtained before
fermentation. TNF-a and IL-6 production, both of which are pro-inflammatory
cytokine were inhibited by extracts obtained after fermentation. HPLC analysis of
the extracts obtained before and after fermentation showed that neohesperidin level
considerably increased after fermentation, and hesperetin-7-O-glucose and feruloyl
methane that were not observed before fermentation were found after the
fermentation. As neohesperidin which increased a lot did not show considerable
activity, further test of newly produced single material is expected to reveal anti-
inflammatory mechanism. It is expected that the identification and promotion of the

function of the by-products of citrus will help find a new use of citrus of Jeju Island.
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prostaglandin E;(PGE,) 52 %< A7F inducibile nitric oxide synthase
(iINOS) ¥ cyclooxygenase—2(COX—=2)°l &3l A Ht}[48].

AREARL NO 9 A2 wiEglelE FolAY Fd= AT T3
Ags SHAITH[49], A5 AdHA INOS o od T} gArE NO + 3
T, FF 59 95 Rbes S A B9 okt 5 miviAle] BdAd =
FHste] dF5S AFATIE AoxE duEA dTH36]. =, COX-2 =
ASHHS, HREgo] Zo] #olstal Sli= PGE, & FAAIHI[35]. o8k 2

95 WAIAES HEE 2EE ¢ Qe =do] dAFAEY dw o
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FTEXNETH IHPAEZRTGS Y AEAE A AuEHT Qe 2FEg
(Citrus unshiu) @ A X7} (Setoka, [Citrus unshiu x Citrus sinensis] x Citrus

reticulatel x [Citrus reticulata x Citrus sinensis]) S 2010d 12 A% s}

AEAE olgotel

=
w3t sto] Agel ARE-skAT (Fig. 1.

Unshu Setoka
mature mature immature
. ([Ctrus unshiux Citrus sinensis] x Gitrus reticulste
C. unshiu ¥ [Citrus reticulata x Citrus sinensis])
=Fed HE7H(¢ ¢ b, HHE®)

Fig. 1. Pictures of Unshu, matured and immatured Setoka.
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—DPPH radical scavenging activity test

Al&Z9] DPPH (2,2—diphenyl—1—picrylhydrazyl) radical scavenging activity
test = Nanjo =2 ¢ [20]] 9t FAaAth 10 pl AlE-E&4el 90 uL
DPPH £9(0.2 mM)& #7}ste] 2 & &9 WHEAl7]al, quartz capillary
tube °l #%3%1 % electron spin resonance (ESR) spectrophotometer (JEOL
Lts., Tokyo, Japan) & 7 3}I3ith.

Azl tiEk radical &5 (%)= oFele] A= o] &3] ANtsidler, ESR

[e) [e)
=4 2R v

FK

9} 73k} (Table 1).

ESR signal intensity for medium containingthe additives of concern i

Activity(%) = : : : -
S ESR signal infensity for the control medium

Table 1. ESR spectroscopy conditions of the control factors of DPPH radical

scavenging activity

Control factor Condition
Frequency 94375 GHz
Magnetic field 337mT
Power 1 mW
Modulation width 0.8 mT
Amplitude 500
Sweep width 10 mT
Scan time 0.5 min
Time constant 0.03 sec
- 10 -
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—Superoxide radical scavenging activity test

1.5 M 5,5—dimethyl—1-pyrroline N-oxide (DMPO, in potassium
phosphate buffer, pH 7.4), 5 mM 2,6—dihydroxypurin (xanthine), 0.25
U/mL xanthine oxidase, 183 7} A55s % HWE FHSHY S
TA3F T, sample 10 L, DMPO 30 gL, xanthine 30 x«L, xanthine
oxidase 30 uL & Y3 25TCoA 5 & =<t HES-A|7]31, quartz capillary

tube °f %71 & ESR spectrophotometer & =743} t}.

A&t radical 278 (%) obe] A& olgsto] Aldtskglom, ESR

A 20E o 19 ZSktH(Table 2).
. SR signal intensity for medium containingthe additives of concern
Activity(%) = =225 ¥ = .

ESR signal intensity for the control medium

Table 2. ESR spectroscopy conditions of the control factors of superoxide

anion radical scavenging activity

Control factor Condition
Frequency 04375 GHz
Magnetic field 337mT
Power 5 mW
Modulation width 02mT
Amplitude 700
Sweep width 10mT
Scan time 0.5 min
Time constant 0.03 sec
S11 -

Collection @ jeju



otk
=N
=
oL
N
o

—Paper disc diffusion method

Ao g e A Y8 A5 FE¢F Listeria monocytogen,

M

Salmonella thypimurium, 955 F&w< Staphylococcus epidermidis %+
Propionibacterium acnes ©l t™3dl* Piddock[23]3 Kudol[l14] 5¢ wHe
T3kl AAEAY. BE 7S 0.8% agar & X3 WAl 05

MacFarland & Y] 1.5 % agar & ¥3%st= ZH2E9 vi#] Yol B, sjA]7}

Ml

o A

i
o
kel
%
ol
rlr
N
o,
oo
=

=

1o
g
=1
i,

paper disc & =9

g9

37ColA 24—-48 Azt wjorst vS A= Fe] A E inhibition zone 9

A7 (mm) & =743kt
Listeria monocytogen < LA 8\A|, Salmonella thypimurium < NB B]#],

Staphylococcus epidermidis + TSA #iA|A 37Cel 7] viUSsFA 1,

Propionibacterium acnes ©+ 37 Colx @7] ]St}
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—A| 3

Murine macrophage cell line €1 RAW264.7 2 Korean Cell Line Bank
(KCLB) %8 #9F "o} 1% Penicillin—streptomycin @ 10% fetal bovine
serum (FBS)¢] ¥ DMEM ®iAE AR&3te] 37T, 5% CO, F7]eA]
HjeFetglom, 3 def & A AdulF stk Lipopoly —saccharide (LPS, E.
coli serotype 0111:B4)+= Sigma—Aldrich (St. Louis, MO., USA)=4F

Tl AHgatst

—Cell viability

RAW264.7 AZ (1.5x10°cells/mL)E 18 A7+ A wjeksta A= ¢ LPS (1

reg/mL)E A Hsto] 24 AlZF wFst 3 3—(4,5dimethylthiazol) —2,5—

diphenyltetrazolium bromide (MTT, Sigma—Aldrich) 100 pg < #7}3lo]
&

4 AZr For F7F wjekEkgith 1,000 rpm oA 10 ®3F 94 B3 & ujA =

=

A A% ths, dimethylsulfoxide (DMSO, Sigma—Aldrich) 200 ¢L & 7}s}¢d

MTT 9 o] 9& A formazan FAES EaA)1A 540 nm oA

FYEE 233490 2 ART OF BF FIE gL TR, g2
FYE ot mmste] AFIA YEE 2Abahach

- 14 -
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—Nitric oxide (NO) &

RAW264.7 cell (1.5x10° cells/mL)& 18 Al & wjek & Al59} LPS (1
rg/mL)E FA Aeste] 24 AIRE kst AAE NO o 42 Griess
Aleks o]&sto] Alxzujekd Foll EAlsti= NO,” FEZ Sttt Alzujef
e 100 gL ¢ Griess AleF [1%(w/v) sulfanilamide, 0.1% (w/v)
nathylethylenediamine in 2.5% (v/v) phosphoric acid] 100 gL & £33}

96 well plate |4 10 & &< JHSAIZ1 3 540 nm oA SHEE ST

NO 9] 5%+ sodium nitrite (NaNO,) S ZFg Mo 7 ALg3to] A sttt

—AZA] AMO)EFIRI(TNF— e, Interleukin —6 ) =3

RAW264.7 cell (1.5x10°%cells/mL)& 24 A7+ ¥j¢k & LPS= 1 pg/mL &
Aa)alo] cytokine WA AZeta ZA ABEE % dWg Ao
24 A 7F wjek & AedES FHslo], ZH7ZF BD Bioscience AF(USA) 2] mouse

TNF— @@ % mouse IL—6 ELISA kit & AFg3}9] cytokine = A3} t}.

- 15 -
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analysis =

—Immunoblotting

W3S Western blot
OO]: ?4’ LPS
o wjeahse,

COX-2 w7l

ol
=

iNOS
sholatl T, RAW264.7 cell (1.0x10° cells/mL)S 18 A7+ A )
g ste] 24 A7 &

AN 39
(1 pg/ml)s} AEE TE HZ FA
MEE PBS (phosphate buffered saline) = A& 3tal 200 xL ¢ lysis buffer
(Pro—prep, Intron biotechnology) & 7}ste] #23} 3+ & 14000 rpm ©ll A
FH 3ttt @A s += BSA (bovine serum
2 3}o] Bio—Rad Protein assay kit & H& 3}t

20 #7F e ste] deds
albumin) & XTEHY O
At oFol @A (30 pg/sample) S SDS—PAGE (polyacrylamide gel
A719% s+ %, pore size 45 pgm PVDF membrane
< transfer stk 1 2k &A= NOS2 (1:1000

(Millipore, USA) S &
anti—goat IgG(1:5000 dilutions;
Intron

electrophoresis)
g
dilutions; Santa Cruz Biotechnology), COX—2 (1:1000 dilutions; Santa Cruz
B —actin (1:5000 dilutions; Sigma)2 AFE3F3 1 2 =}
=)
AFE-3FYE. ECL 713 (West—zol,

Biotechnology) %
A= HRP 7} A3%td anti—moust 1gG
% MCID Analysis 7.0 Software(MCID™,

Santa Cruz Biotechnology)Z
= Azl
g A8l

biotechnology) ¥} Wk
USA) & o]&3sto] Zb7zhe] daid vy

- 16 -
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—A)et

A of o]gH HE AlekS HPLC grade = AME-3}t}. acetonitrile ¥ acetic
acid = Merck, HPLC #49] A% %F=4 (rutin, nari—rutin, naringin,
hesperidin, neohesperidin, neohesperidin dihydrochalcone, naringenin,

hesperetin) < Sigma—Aldrich (St. Louis, MO., USA) o] A& AF£31% o}

—HPLC ¥4 %A

HPLC (High performance liquid chromatography) +41-& Waters 2489

UV/visible detector, Waters e2695 Separations module (Waters, USA) &

AFEEFR o, A column <& YMC Pro C18 RS (250 X 4.6 mm)&

AFEEFA Y. 52 1 mL/min 22 FA|3% 3 UV 280 nm oA HE383 0™,
olF A AL Table 3 ¥} Ztt}. Holg A S/W = Waters 2] Empower

System & AF&-3F3itH(Table 3—4).

-17 -
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Table 3. Changes of HPLC gradient elution on the separation for mixture of

flavonoids

;rr::;:? Flow acetonitrile (%6) 0.1% acetic acid (34) Curve
F: 20 80 0
g 40 60 :
15 40 60 °
18 60 i i
24 | 1mL/min 60 il !
= 90 10 6
. 90 10 1
% 20 80 6
37 20 e i

Table 4. HPLC chromatographic conditions of the control factors

Control factor Condition
Injection volume 10 pL
¥YMC Pro C18 RS
Column

(250 X 4.6 mm)

Solvent A : acetonitrile,

Hahns o= Solvent B : 0.1 % acetic acid
Flow rate 1.00 mL/min
Column Temperature 40°C
Wavelength 280 nm
Detector Waters 2489 UV Visible (Waters, USA)
Separations Module Waters e2695 (Waters, USA)

- 18 -
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dd=49 £2 3 NMR 24

£l 2 pyridine—ds, chloroform—d = AF-g3}%t}.

A EA]

FAA 8= SPSS 12.0K for Windows (Release 12.0.0, SPSS Inc., USA) &
Abg3to]  Student' t—test % one—way ANOVA test = o4 HAS
AAEAT o] e HluE fdte] teHdW e Duncan test ¥ LSD
test & AASASH, p Fel 0.05 H¥Yd wWE FoAe] e Fo=

Aesrg v,

- 19 -
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m 2 3

27, MEZL vy 9 SsToa] =53 HAAE ddS ESRE o] 8319
DPPH radical &4 @45 S333th. 1 A7 Fig. 2 ¢ o] AEF} n57
FZ oA FESE= radical?] ko] dASHA AAist=E AL FAstett(Fig.

2).

]
B i a e Control F M
e >
2w
£ =
3 e Unshu gw
o
o £
o -
oy 3
o = 30
b Setoka o
-
(mature) 0
=
&
PR \ e i o
— -
(immature) 2

Unshuy Setokalmature) Setckalimmature)

Fig. 2. DPPH radical scavenging activities of citrus peel essential oil.
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Mo
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o%
el
ks
o4

A A gRee 3F BY 59 A9

1>

=5 et Listeria

vkt Staphylococcus

Jo

monocytogen, Salmonella thypimurium, E&

epidermidis 9+ Propionibacterium acnes ©°| t3}%] paper disc HOo = A%

12
2

| &S SA3AY. A= 3y AFAAES L. monocytogen ¥} P. acnes w°l

=
ol

Fol

o

g AAAE

o

wolow, o= /A W dF[30]ed% F

(r}:.‘j
e

= HERSIY. 531, AE7E vy o] R L. monocytogen,

o

S. thyphimurium, S. epidermidis, P. acnes ©°lA 73t SddIAS

Bt} (Table 2).

=21 -

Collection @ jeju



Table 5. Antimicrobial activities of Citrus unshiu peel extracts essential oil

on several microorganisms

Collection @ jeju

Drug-resistant Inhibition Zones (mm)
Strains patterns of skin Setoka
pathogens Vi mature mmatre
L. mono ScottA Susceptible 14 13 14
L. monoL10 Ampicillin 12 13 143
L. mono 168 Ampicillin 10 13 12
3. thypi ATCC 14028 Susceptible § 10 1
3. tiypi CCARM 2 Oxzcillm § 9 1
3. tiypi CCARM 211 Oxzcillm § 10 12
3. epicermiclis CCARM 3709 Susceptible 12 113 13
Erythromyem
3. epicermiclis CCARM 3710 Clndamycm $3 83 83
Chloramphenicol
3. epicermictis CCARM 3711 Tetracyclme $3 10 10
F. acnes CCARM 0081 Susceptible 12 1 13
F. acnes CCARM 9009 Clindsmycn 11 11 13
F. acnes CCARM 9010 Clmdamycm 10 10 13
-2 -




— DPPH radical scavenging activity

23U (C. unshiu) HIE o] €3t vg Ay &g T ethyl acetate FE=E9
DPPH radical &7 &84& =743ttt 2¥a %% ethyl acetate F==3

neohesperiding 125, 250, 500 pzg/mL2 FELZ 34ste] AdS A3,
SCso #t= Atsiity. 1 A3 Fig 33 o] & dazeA A&t
radical®] o] #A A FAste AS ST SCs # E A
0.448%0.001 mg/mL, & % 0.068£0.001 mg/mLE W&EEo] SujgE
¥L  radical 2ATS  YERRow, wdEAz AAY EFFEFH

neohesperidin® SCsp%t¢! 1.314+0.001 mg/mL Xt} wagEo] 18u] o)A+

M

< DPPH radical 2~A &4 YeErSItH(Fig. 3).
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Fig. 3. DPPH radical scavenging activities of ethyl acetate extracts from
non—fermented citrus peel (A) and fermented citrus peel (B), and

neohesperidin (C).
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— Superoxide anion radical scavenging activity

g Ay Pg F 7= 19 ethyl acetate F=E2 Superoxide anion
radical &4 A4S FAHSAY. wa A F=EI neohesperiding 125,
250, 500, 1000 pg/mLe FE=x 3Aate] APS ArEAT, SCsy #&
AAbert. 1 A3 Fig. 49 2ol E daEoi FESHE radical®] <ol
AAsHA FHaetkes As FRlskdth SCq a2 a4 0.952+0.001 mg/mL,
g ¢ 0.514%£0.001 mg/mL=Z PraEo] 28] A% =2 radical 2AS=
How,  ddEAZ  GAE  EFEZH  neohesperidin®  SCso#k !

1.134£0.001 mg/mLEt} TaEo] 2uf o]

"

< superoxide anion radical

2A gAE 2ot (Fig. 4)
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Fig. 4. Superoxide anion radical scavenging activities of ethyl acetate
extracts from non—fermented citrus peel (A) and fermented citrus peel (B),

neohesperidin (C).
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— Nitric oxide (NO) A =3

RAW264.7 AIEE 18 AlZF wieF 5 LPS & AIAI7)3L FAlol A5 5%
M2 Folste] 24 A Fo] NO AAZFS 438t LPS w5 A
Hlato] neohesperidin > & &7 YERA SRARE DEAIRE
A NO o Ao s% gEHOZE A Eer, 53] daFEE2

Agols 100 gg/mL & Al sXlA 80% ©]/de] NO 94 a7t 794

A YERR T R, AEd sReM e AlESA0] ol VEHoR Ax9
AEE dF= T4 deve AHE & 5 AT (Fig. 5).
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Fig. 5. Inhibitory effects of EtOAc extracts from fermented Unshu peel with
A. niger on the production of nitric oxide (NO) in LPS-—stimulated RAW
264.7 murine macrophage cell line. LPS(—); saline without LPS, LPS(+);
lipopolysaccharide without extract, NF; EtOAc extract from non—fermented
citrus peel, F; EtOAc extract from fermented citrus peel, Neoh;
neohesperidin. The data represent the mean £ SD of triplicate

experiments. *P<0.05, **P<0.01, versus LPS alone.
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— iNOS ¥ COX-2 whulury

LPS & fid tAAHEE 955 4o Ha, d5rd dud=z e

iNOS ¢} COX—2 g

()
T
T

l-‘_|_|_[(

A EE Western blot = F3&l &<l3s}%it}.

o

AAE @ EA92l neohesperidin IHE= & @¥7F yeEYR kA A

oy

FANEE

Ak
Oft

P W oo

o[\

T dEe) o]l dAs] AsE o,

i
ol

el 100 pg/mL o A FxelX 90%° A5 AA

i
m{u

| a5
a3%= Ye At (Fig. 6). PGE; ¢ S 53k COX—2 @¥zaL2 100

%
pg/mL & aFEEAM 10%°l8te] Al a3 eEbd v (Fig. 7).
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Fig. 6. The expression of inducible nitric oxide synthases (iNOS) in
RAW264.7 cells activated with LPS. LPS(—); saline without LPS, LPS(+);
lipopolysaccharide without extract, NF; EtOAc extract from non—fermented
citrus peel, F; EtOAc extract from fermented citrus peel, Neoh;
neohesperidin. The data represent the mean £ SD of triplicate

experiments. *P<0.05, #*P<0.01, versus LPS alone.
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Fig. 7. The expression of cyclooxygenase—2 (COX—2) in RAW264.7 cells
activated with LPS. LPS(—); saline without LPS, LPS(+);
lipopolysaccharide without extract, NF; EtOAc extract from non—fermented
citrus peel, F; EtOAc extract from fermented citrus peel, Neoh;
neohesperidin. The data represent the mean £ SD of triplicate

experiments. *P<0.05, **P<0.01, versus LPS alone.
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—BF73 ARIEAA(TNF- ¢, IL-6) A 94 A= 5

LPS & 5% A A ¥E+= pro—inflammatory cytokine < FH]3HA T &=
olF &F3olo] ETRbEe AEE dolE £ St 7 A|EEo] olysth

cytokine 5% Avh} 9AF & QA FAsY) fskel TNF-a 9 IL-6 2

O

Al wjekel g o] g-3le] ELISA Wl o 2 A3t 1 A3, TNF—a 9 IL-
6 5 WaFEEolA  cytokine JA F=IF PE E=A UERES
gl skl ok (Fig. 8—-9).

120

100

L3
e
G0
40
L
20
O 3 -
v + * * +

LIPS - + +

TNF-a production(%)

iz} . P am 1y =1 L 0 L]

HSample NF ¥ MNreah

Fig. 8. TNF— a productions of ethyl acetate extracts from non—fermented
citrus peel, fermented citrus peel and neohesperidin. LPS(—); saline without
LPS, LPS(+); lipopolysaccharide without extract, NF; EtOAc extract from
non—fermented citrus peel, F; EtOAc extract from fermented citrus peel,
Neoh; neohesperidin. The data represent the mean = SD of triplicate

experiments. *P<0.05, **P<0.01, versus LPS alone.
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Fig. 9. IL—6 productions of ethyl acetate extracts from non—fermented citrus
peel, fermented citrus peel and neohesperidin. LPS(—); saline without LPS,
LPS(+); lipopolysaccharide without extract, NF; EtOAc extract from non—
fermented citrus peel, F; EtOAc extract from fermented citrus peel, Neoh;
neohesperidin. The data represent the mean £ SD of triplicate

experiments. *P<0.05, **P<0.01, versus LPS alone.
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24

Mo

=9 4

o

—HPLC & °]&% && A% F

= flavonoid & 8 7}#] ¥+%E 32 (rutin, nari—rutin, naringin, hesperidin,
neohesperidin, neohesperidin dihydrochalcone, naringenin, hesperetin) <
o] &3te] 7} =49 retention time (RT)S &RIst L, o]F o]&3sto] 7zt
FE=EY ALl &&ssitt

e A9 E wA e Hriste] wicks A¥, e %9 (Fig.10.B) el o F
shf¥o] Q1% nari—rutin ¥ hesperidin ©] Hjde] w2t AH AAsHS A,

5 ¢ st HaFE+ (Fig.10.0) A neohesperidin ©] @A skA S 7kttt

_

w3k RT 7.9 min @ 11 min A 7+ &% flavonoid 7} ofd A|2& EZo

S22 s et (Fig. 10).
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Fig. 10. HPLC chromatography.
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(A) Separation of standards. (1) rutin, (2) nari—rutin, (3) naringin, (4) hesperidin, (5)
neohesperidin, (6) neochesperidin dihydrochalcone, (7) naringenin, (8) hesperetin; (B) non—

fermented citrus peel; (C) fermented citrus peel with A. niger for 5 days.

daEZRE E2d ddEZS NMR £4

NMR ¥4 53t 72 28 EtOAc FEES VLC 2 #4&, A5t A=

ksl NE] peak oA Zt7t ddEAZ 2sglty. EEle SELES

-

1D, 2D NMR & o] &3l &S o533, w3 txste] &4 st
o9 4 EA compound 1 & hesperidin 7-%°l4] mannose 7} "o A

7F hesperetin—7—0—glucose 725 2zt =4S A5 th(Table 6).

=

ok, 4 52 compound 2 & 74 MAAAFE curcumin & 7]ETFEA

feruloyl methane 9= <2183t (Table 7).
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Table 6. NMR spectroscopic data® for hesperitin—7—0O—glucose

position Oc position Oc

2 78.6 1" 101.8
3 43.8 2" 74.9
4 1974 3" 78.6
5 163.9 4" 71.2
6 97.9 5" 79.3
7 166.7 6" 62.5
8 96.8 OCH; 56.3
9 164.7

10 104.6

1 132.6

2' 115.5

3' 149.7

4 149.3

5' 112.6

6' 1184

a1y 13C NMR spectra were recorded in pyridin—ds solution at 400 and 100 MHz,

respectively
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Table 7. NMR spectroscopic data® for feruloylmethane

position Oc

109.8
147.9
145.1
1123
1213
127.2
142.5
1247
197.6
26.7
OCH3 55.2

O 00 N o v M W N B

T
w

alpy BC NMR spectra were recorded in chloroform—d solution at 400 and 100 MHz,

respectively
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w5 - AEE - FEAY] - AMAY el webd T Aol EEbAY] wiZel Al

il
e
e
o,
1o,

Aol g ®el How AlgH
w3k 8 Fol A AEY A (Oxidative stress)E WO AXE oA
xanthine oxidase, NADPH oxidase % COX ¥ 2 aihso <slo

superoxide, hydroxyl radical 3 & &4 AFAF(ROS)E B3 eTh[44].

/?b]_

0
2

Ir
ogk
o,

215 938l Atsh(prooxidant) @} 34Fs}(antioxidant) #F-850]

]

FYE o)

o, ol o] A Atste] JFo] ARS A5 At

R

ool AEel ofe] G LA BeH30]. ol PFWSE A ol

Fhobar A T3S, 401, ool wet radical A&~7150] Hold HAzol oigt

o A3 AETE s > AR S5 > 2593 0% 93 radical &
o Hilow o= &9 MEILY VA ATl 2 As5E &Ed Jlolg
AtbmEr B, vdE 2as % FEE9 radical &7 (DPPH,
superoxide anion)& g3 & A3, dE A FEEC et 28 F FEE
o] @A sIA radicale TaAIFE sttt ol = HEE E5to] flavonoid
FE7E ko] whep Akt FAdo] FUke Zlo® AlsETh
Zao] &% 3+ hesperidin i naringin 2 k3 43 g E9
g 24S Za vt Baso gl=d[28, 33], & AT
A oy dEE T3 dAE @49 gEe] & dF AY AR F2
A¥yE Rt ddAEE LPS 2 AFATIYE thekdt AE5lAEo]

T7tE=d34], ol FEaEe AHTeEAN #o4d W dedAE=
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AT Aol g We HA5el FEE AFEOR e o] AuH
Atk 7HE F oASE PAEE gEw £ F A4S /3 B whs o]
o o2 Aelsy] g9 = g o

= AAolt olyd 7ty FAtEs a&Fo R AYsty] Sste] o] FokolA

B AT 78 AvelA FEH PRAR Patsl R FRBY, H9 2

8 FE=l st 9 g 24 IS T AR Ved 2AEAY &

HA, LFU(C unshiv) @] 9539 NMEIFFCASE®, [Citrus unshiu x

Citrus sinensis] x Citrus reticulate] x [Citrus reticulata x Citrus sinensis])

—

o] v, ¢y Hy o A{AEe 244 FE8th ESRe &3 d4ks &
A (DPPH radical) = A EZ} vjs37F 7F8 =2 &4 S YERY Y. Paper disc
diffusion el o3t FH LA Ao Ft Listeria monocytogen 2 o=

It Propionibacterium acnes®l| tsto] -3t IS Bl 53], AE
7b vl el A 7HY w2 FdA S WERSIT

T oA ATEE dE By E olfste] HaE AAsty, dEs ¥ FEEY
g WstE st FEIA 259 Ry E deFE sk 5
Aspergillus niger & 37}elal 547F A& wjksle] ethyl acetate® F=3FA
U 2w e 2= A niger 37F A, A 2 A9 E ethyl acetate® FE3}

G}, &xksl &4 (DPPH, superoxide anion radical) & ESRS %3l =743t
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