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Citrus peel essential oils are natural flavoring materials of commercial importance. The peel oil from each citrus
variety not only adds much of the characteristic aroma and flavor to juice products made from that fruit but also has
a physiological activity such as antioxidative action and inhibition of carcinogen formation. In order to elucidate the
potential of citrus peel essential oils as a functional biomaterial, in the present investigation, I examined several in vitro
biochemical activities of essential oils from 13 kinds of citrus fruits. Although yuzu essential oil did not covalently
bind to human serum albumin (HSA), the presence clearly promoted the modification of glucose into HSA. The effect
of the essential oil on the Maillard reaction partly resulted from the micro-environmental change around Trp-214
of HSA. The enzyme tyrosinase was significantly inhibited by some essential oils such as Eureka lemon, Lisbon and
Kiyookadaidai. The comparison of the composition with others suggested the involvement of sabinene, neral, geranial,
neryl acetate and geranyl acetate. Interestingly, these essential oils showed the remarkable superoxide anion-scavenging
activity. The intensity of those activities showed no significant relationship with DPPH radical-scavenging activity. As
the tyrosinase involves in melanin production, the result obtained by the present investigation indicates that some citrus
peel essential oils might be applicable to the field of cosmetology.
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FEEMEIE LT, VEY - IA LM, TRV &4
FAM, XM, IHVEEEDOH VF Y EEGT 13 MHE
wHW Kk, it OISR ST oD T
H5:O2—VLHVEY, Citrus limon Burm. f., cv Lisbon,
EUR, @ v 47> &Y, C. grandis Osbeck forma Tosa-
buntan, TOS, ®F 4 ¥ F, C. taguma-sudachi Hort. Ex Y.
Tanaka, NAO, @2 X, C. junos Sieb. Ex Tanaka, YUZ,
®7% ¥, C. keraji Hort. Ex Tanaka, KER, ®& 14 & 1,
C. aurantium Linn. Var. Cyathifera Y. Tanaka, DAI, @
1) 2KV, C. limon Burm. f., cv Lisbon, LIS, ®F I %V,
C. flaviculpus Hort. Ex Tanaka, KIM, @4 —F v VL &
v, C. wilsonii Tanaka, ICH, @W*3a*+»54 &1, C.
sp., KIY, @WAHKR A, C. sphaerocarpa Hort. Ex Tanaka,
KAB, @KV # v, C. reticulata Blanco, PON, ®EF 1,
C. inflata Hort. ex Tanaka, MOC. FEiFPRHZL 2001 4 10
H2 5 12 FIC e R oA, e RS, &
I VLRSS S ik o3 b, v WA AR AR s, it o LA A
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FEuhimA ke UTi3mEm (Cold-pressed oil: CPO)
wERWE 27 5 WRE) omfarhicFEd
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2.3 DPPH 7T AIViEEEMN
1,1-diphenyl-2-picrylhydrazyl (DPPH) < ¥ 7 ILilZuE
PEDOWIE ZF LS & —EELEL TT-> 72, Tab bkl
FAF10 L 12 100 mM Tris-HCl #%ffiie (pH 7.4) % 900
ul, =& 7= 40pL, W2 05% (w/w) Tween 20
KBS0 L #RIMLCTHRML 72, 22tz a ) —
JLCHELL 72 0.5mM DPPH /&% 1 mL %I LT, 5T,
FBUIZT 30 pEKIE &, DPPH I ¥ AL OIS
< 517nm OWIEIE ZMlE U= RO 0 I2K %R
LZzBSIcBisR e h a4 3y u— L& LT, abBhA
Mz &k 2K E DA% DPPH 5V # Ll EREE L 7=,
PEEMVE & U C3REMEY 2 2 v E FB8YA Trolox % FHW /=,

2.4 02 (R—NIN—=FXIFT7HA) HEEMH

FEEORFE L WST-1 7 v ¥ A tha V9. Kk
FHUFUAFUHE - (XOD) ORIBTEKEE7 0,
“& WST-1 RO O EWE L O THA S5 M
BETh 5. KUEFBIZESNTY A 707 L— | TD
ZRAMNIE 2 u[BE L L7z SOD assay kit-WST ([ AbZ=F
FeTH) AARFEERTIEMIH Lz, WST-1 FL< 5 Y DR
123D < 440 nm OWSEEA LT A s L — b)) =4
— (Immuno Mini NJ-2300, 7L X Vo4 V& —F T 3
FOLE) ERWTHIE L2z, SRR b D IZKERIIL 72
FEDOWSEZEA A Ac, FRAITOWLE 2L E As, &
SAZFVBHZ I % 440nm OWLE DB AR L 72912
XOD EHEDO D O IHEMHIE 2 I U 72 BROWICEE Ab 2 H
ELTC, HEET (%) #

T =[Ac-(As-Ab)/Ac]X 100
THEL .

2.5 FOYF—tEHEEEH
Kubo 6 DJFEIE- TFu v+ —YRHFEEARE L 7- 9,
$7%HB ImL D 25 mM L-DOPA (3,4-dihydroxyphenylalanine)

12 1.8 mL O VERESEER (0.1 mM, pH6.8) AWML, 25
CTTL04 v F 2= b L7z Z0O#, 0.1mL ORRHAT,
0.1mL OF 1 ¥ F —HEHE (mushroom HIK, Sigma ., 138
units) ZRMNIL TG 72, Fud - Yons
dopachrome DK % 475nm DOWLEZ(LHE (dA/min) &
LTE=Z— L7 RN IS & LT 167w g/mL I
%% X512 DMSO THR L= B D IZ DMSO DA
%O ZZBROWO A EE 2T v ta—L e Lz,

2.6 XM Z7—FRIBICHT2IXIEROZE

0.5M V) v IgtEsEEE (pH 7.4) ZFWTe M7 L7
v (HSA : Sigma #) # 30 mg/mL IZ3#L 7=, Zhiza=x
A 0 £33 10 L/mL 2% 2 X5 ISRMILT37C T3
HREA »F 2= b L7z Z20O%, KEHRIZZILI—2% 0,
36, 300 mg/mL & 75 XSIZEMILT&X 51215 HIE, 37C
TAVFaxX=bL72Z 0, 3, 6, 9, 12, 15 H#%, Zhth
A& 47ELL €, MALDI-TOF-MS (Bruker #! Protein-TOF
MALDI-TOF-mass spectrometer) % I\ T, &KikElD5 1
FHE L BBV MY 9o 2ZE Y FEVEEMWE &
BT RIZE /v — HSA DRIk 58 —2
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T5&, 4 VFaN— K, KOOI — 2RO
HhnE 2 HSA Oy AL 2z, L 725 &
5#Z7C, 36 mg/mL & 300 mg/mL O3 — ZREIC
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BhiEmiER 5y, 2 Ih LAY HSA &3t
AZHEAELEWZ ERHo A E R 572, 2 EME 15
HA % 2X— b L2RISHEZ %W %, Shaklai 5DJ
HZHE > T R 285nm, 6 240nm 2° 5 480 nm
DOHIPHTHI AR FILAERE LW, B & -k
W R 4 7 4 7 HSA &R U CTH 10nm iR EM|
2y 7 FLTHD, YT T 7 UERIE (Trp-214) OJF
MBI 2 ZEMOTRIMZ L D ZEL L TWB Z EHHE 2
Eh otz A REMAERMU 72 HSA 1220 3 — 2 %R0
T35 L, 2 ZREIMERMORE & R THSA =08
HEMB S M KREL BB Z ENBE I L Ly
52773 — ZDOYREIARIE L 720 RO B NHEIE 580 5
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7o, 220, ibBO@IZHED S HEOHEEE LY 22012,
FBD T 5 v 2 (Ab) ZWIEL, 7 v A ERD
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DAL T —FRIbETRERELTE=2-F5ZLic&
D, FRHOAERNX A T — FRIGIZH$ 5 58 % 317z,

LITRL72& 9512, 2 XRud HSA IS4 570 a
— Z2DBHIENEE TS Z ENHEN R 5Tz RIBOKE
HEIZ DWW TS B OMETERETH 523, BHIEAXY P
K5 &, MO WRIMNA HSA @ Trp-214 FADO#EE %
ZEETVWD T L5, MO HSA NOWEEH Z DAL
RREE AL X &, 2T — 21253 3 e C 4 5.
ATz MR I N BITIC K o Tl 2 kg & B2 L
72BRIIZ BRI HSA L Z2EDPRO oL 72T Lh b,
FEME 5y O HS A 124 2 /ERNE 3 iy 5 12 K5 6
LHEHIE NS,

FERIZ 2R A 1 7 — F IO PR AR & &
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WIS, KB D 2 Vo3 2B xE$ 2 RN 508 %
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T, 2 OGS SR04 X7, 9
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HXTC sabinene, neral, geranial, neryl acetate, geranyl
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geranial, neryl acetate, geranyl acetate 7% & DK A
KFZ O: DIHEREEA T 5, &5 WVIEMOR ST 02 DIHE
WA T SWEPMRENS D v R IR G EN T

sabinene neral (citral B) geranial (citral A)

CHO
o 3
CHO
| |

neryl acetate

\\ X
EQ:F/O |
~U
| |

3 FAYF—HHEEICEAES T 2HEHES

geranyl acetate

BN

W3, BEVWOrOUENNRE LN,

—J, DPPH 7 ¥ 7V OWEREEE O E WM, 71
v — YRHEEME & ORI IZHE 2 B IE D 5 e o
7z. ZTE TIZ Choi 6 23AIBKIZ A ¥ % W kgulio> DPPH 7
UANHEERIZOWTHE L T B 28, RIS IERR
geraniol, terpinolene, 7y -terpinene D5 KENEL
T3, ZheOBSEMEHE »icFu v+ —EOH
CIXREBZWETHD, OrOMEICHE LTV EMEL
PHELEHEDEHEEINS.

LEOKER, # v Uk s Voo 8, BERICHAR
12, HAVETHMICIEE LT, 216 D504 L
KHEREA AL /I ENHO N k572 X HIZHEN
BRPL 7Y =7V HNORINEEEET A2EHEFibED
HTED, ZNo DGR BHIII L 2 AHEM 8 R
WX Nhi H-T, EMESRAHITRTH D7V F VUK
I OEAFN BEREZ A TH 5, SVfEIES
FRGBEBEVE Z X2 PLARTREMTH S Z LIRS N7z,
BoNZKROPT, Fui+ —¥OHEEFEEEEAR
IZDRNBZENG, ZOEMANLFICHET TS H%aHH
SR A D T TETDH 5.

E

AR ETHIIY20 T RE NV EE LT 2 2
b gD —WFRIRELEAN], SEONC CHEETE X F L S AR
FE2ETR - R IESBPI &SR U B

(3Z k)

1) HEER: FHOOREEH—T 2~ T 7 €= \Di
HI, fb2r& 9, 39, 475-481, 2001

2) SHEL MEZA——FF LV AL —F
(SOD) OFEMEMIEE:, Dojin News, 96, 1-6, 2000.



512X UKERDE T 3 EHERO LR

3) Ukeda, H., Hasegawa, Y., Ishii, T. and Sawamura, M.:
Inactivation of Cu,Zn-superoxide dismutase by intermediates
of Maillard reaction and glycolytic pathway and some sugars,
Biosci. Biotechnol. Biochem., 61, 2039-2042, 1997.

4) FRLvERE, FilZEsE, bk —, ZHEEZ, R IER:
BHIRERE K OE WOETEA - —FF L F 7=
* UIMEBROWNE, BRI, 49, 679-682, 2002.

5) Ukeda, H., Hasegawa, Y., Harada, Y. and Sawamura,
M.: Effect of carnosine and related compounds on the
inactivation of human Cu,Zn-superoxide dismutase by
modification of fructose and glycolaldehyde, Biosci.
Biotechnol. Biochem., 66, 36-43, 2002.

6) Song, H.-S., Ukeda, H. and Sawamura, M.:
Antioxidative activities of Citrus peel essential oils and
their components against linoleic acid oxidation, Food
Sci. Technol. Res., 7, 50-56, 2001.

7) Sawamura, M., Song, H.-S., Sagawa, K. and Ukeda,
H.: Characteristic aroma components of Tosa-buntan

(Citrus grandis Osbeck forma Tosa) fruit, Food Sci.

Technol. Res., 7, 45-49, 2001.

8) Choi, H.-S., Song, H.S., Ukeda, H. and Sawamura,
M.: Radical-scavenging activities of citrus essential oils
and their components: detection using 1,1-diphenyl-2-
picrylhydrazyl, J. Agric. Food Chem., 48, 4156-4161, 2000.

9) Ukeda, H., Kawana, D., Maeda, S. and Sawamura,
M.: Spectrophotometric assay for superoxide dismutase
based on the reduction of highly water-soluble
tetrazolium salts by xanthine-xanthine oxidase, Biosci.
Biotechnol. Biochem., 63, 485-488, 1999.

10) Kubo. I. And Kinst-Hori, I.: Tyrosinase inhibitory
activity of the olive oil flavor compounds, J. Agric. Food
Chem., 47, 4574-4578, 1999.

11) Shaklai, N., Garlick, R.I. and Bunn, H.F.: Nonenzymatic
glycosylation of human serum albumin alters its conformation
and function, J. Biol. Chem., 25, 3812-3817, 1984.

12) Koga, S., Nakano, M. and Tero-Kubota, S.: Generation
of superoxide during the enzymatic action of tyrosinase,

Arch. Biochem. Biophys., 292, 570-575, 1992.



