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Abstract

Physiological activity of citrus essential oil (CEO) was determined to examine possible use of the food
processing by-product as a functional material for food and cosmetic composition. The effect of gamma irra—
diation on the change of physiological activity also investigated at 0, 10 and 20 kGy. Limonene contents of
CEO was 88.311.30%. Electron donating ability of CEQO was 69%. Lipid oxidation was retarded by CEQO. CEO
showed antimicrobial activity against 1 yeast, 4 molds and 4 bacteria species tested. More than 80% of inhibition
of cancer cell growth was presented by CEO using A549, HT29, HepG2, B16F10 and G361 cells at a 500 ppm
level. Irradiation of CEO did not affect any physiological functions. A Salmonella mutagenicity assay indicated
that the 20 kGy irradiated CEO did not show any mutagenicity. Therefore, CEQ, which is a major by -product
in citrus processing, could be used as a functional material in various application.
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ZvabA ZAbe 3218 o 4 (Daejeon, Korea) W 4l
4 107 Ci, Co-60 7vtal 2AFA1A (point source AECL,
IR-79, MDS Nordion International Co., Ltd., Ottawa, ON,
Canada)& o] -&3}o] A2(14=+ 1°C)°ﬂ Al B 833 Gy A
242 7710, 10 ® 20 kGy9] & 94 A= E 319
o} FeAls gal
struments, Rheinstetten, Germany)& AH-8-3}<3 ). Dosim-
etry Al2glS FTAAAH 7] FTAEA)S FA o £-4314
EF3HY F Al o,  FaA7e 23 2% o]
artt. ZAME 2 A f-+ screw-bottleol] 2 %-5to] Ao X

Bt Aol A&

22 79 limonene &2 24

ZHE A5 2 7ehAd 248 A H-2) limonene 332 71 A
a2t E 28 Z(Agillent GC 6890, Palo Alto, CA, USA)E
o] £-3}o] B-4A135}9dt). Limonene ¥4% 93 GC £4 =2
2 2 HP-INNOWax capillary(30.0 m X250 um X 0.25 pm)
£ Ahgslda, A 2 60°Coll A 587F FA 3T o] ¢
A] 210°C7HA] ¥ 10°C 23 F 10% 2 -7 slsch A&
7]+ Flame Ionization Detecter(FID)E AbESL a1, F T
9] 2x & 210°CHeH HE7]8 22 240°CE 7154
o 397 A= A 27409 mL/min) & A8 3 Al 5.9

< alanine d051meter(5 mm, Bruker In-

#z dxel it 20 3

7ra A -5-2] ak3) A2 AL o] S (electron donating
ability)® %]& Ak = (2-thiobarbituric acid reactive sub-
stance value, TBARS)E o}43l9 =Alsl4ic)

7t Ao} A zbge] 52 Blois(14)9] Wi & o] 43}
2A4sgct. 72 AH 1 mLel 0.2 mM 1,1-diphenyl-2-
picryl-hydrazyl(DPPH) 2 mL-& @ 3 kg & 308 Fqb
Al 2o A o}L- uh-s-4HS FFF A (UV 1600 PC,
Shimadzu, Tokyo, Japan)& ©]-8-34 517 nmellA 3=
5 2434 AAFAFE g e A4 o
FAbE ok

Aoy 5(%)=[1— (AN 8R27+7 F%
)] <100

7o) &

A A A 2 (TBARS)S &4 2 =55g8 15mL £
ool 2 AR 1 mL3} 3§44 74 7] (DIAX 900, Heidoph
Co., Ltd., Germany)& AH&-3te] FA s}slodct. g2 3t A
BE 37°C gL5Fd A AASAA 0,60, 120 2 180 F
of A& 1 mL& # 3} 2-thiobarbituric acid(TBA)/tri-
chloroacetic acid(TCA) £<(20 mM TBA in 15% TCA)
2 mL¥} 50 uL BHA S &3 $F 90°C &l A 1587 714
3 F dSENA 1037 Bstd o) uh-s-4-9-& dAlEe
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g AR AEFA g A JA 23 = Char-
michael 5-(15)2] ¥} ol] v}&} 3-[4,5-dimethylthiazol-2-yl1]-
2 5-diphenyltetrazolium bromide(MTT) assay& A A5+
o}, B A ¥ e o] &3 Al E A549(lung cancer), HT-29(colon
cancer), HepG2(liver cancer), G361(melanoma), B16F10
(melanoma) %-& Korean Cell Line Bank(KCLB)Z%&
A3kt 24 Al 29 ull ok 10% fetal bovine serum(FBS)
3} 100 unit/mL2] penicillin/streptomycin-g 19 & 7}3 RPMI
1640(Gibco‘BRL Co., Grand Island, NY, USA) #i#] & A}-&
sl em | 37°C, 5% COs incubatoroll A wleka}gdt}.

wWoFEl A ZFE 96 well p1ateoﬂ 1x10* cells/wello]
g4 EFetr A ®5E 20 L A 7} 37°C, 5% COs in-
cubatorell 4] 4847} ulj okl 9 EHZE'S_ Azt 559
DMSOE #7}tste] 5d& iﬁii wjeFatadct. ol 7iel 5
mg/mL F==2 A2 MTT & 20 uLE A 7hahed 447k
w okt & wi o & A A5 2 well F DMSO : ethanol(1
:1) 150 uLZ 7}38ked 30%-%F w1k 5] ELISA reader® 550
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Al g & Maron#} Ames(16)2] Wil ol $38lo] A A3}
g} Aol AM8-% 7 F= Salmonella Typhimurium LT2
£ 3F 2 3}= S. Typhimurium TA98} TA100L. 2 3H=
gald 4 b A] AlE] ol 4] B-ofuto}l AL o) T Al &
slgdct. A=A -& 913k 7F o2 (SO fraction)-S- Sprague-
Dawley rat®] 7Fe2Re] ZEz2|g 72 22 Oriental Yeast
Co.(Tokyo, Japan)ell Al -4 8l<d o™, 5%(v/v)] S9 mix-
tureE Al &3] A1-8-3}93 v} S9 mixture= 0.5 mL/plate 2
Aelglon], 79 8842 2-aminoanthracene(2-AA)2] &
Awio] futg Fletdrt SANFZEAZE AYEAY
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AGEA] Aele AL A HE(+S) Y v H8(-9)
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% 27) plated AH&-stdch AlFEH 0.1 mLo} S9 mix-
ture(£= 27 ZF5) 0.5 mLel nutrient brothel| 4 1242}
Bl o A1 A ) 57](2F 2% 107 cells/mL) Aefoll o] 222 3 &
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agar plated] o] 23A]7) o3& 37°Cell A 4847t wlfok3h
F EAEAHe] A5 At
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BE YL 35 W3 A s om, deizl ATHS-S SPSS

software(17)ol| 4] =212 % general linear model proce-
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W& Abg-3sle] 71k oH(p<0.05).
Z1 o nE
o= JHOOI limonene &2t
7= A4 <]
3} 833+ 1.30%3 \Jra}ﬁu}. 0,10 3 20 kGy = ZFvhAd ZA}
3k limonene?] &L {FH o2 #oirt gl AL R #al
3k¢d eHp>0.05). Dugo —‘:«(18)9— g ol 33 limonened]
o] )&, 2elx) W ExolA 27t 50%, 93% 2 97%
g3t vte Baslg ok Kim 5(19)2 53497 A6
438k ZH 7} limonene &3¢ 63.69% 2 velytar, & =04
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Fig. 1. Electron donating ability (%) of irradiated citrus
essential oil.
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Fig. 2. 2-thiobarbituric acid reactive substance value (TBARS)
of meat homogenate containing citrus essential oil (5%)
during storage at 37°C.
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Table 1. Antimicrobial activity of citrus essential oil mea-
sured by paper disc diffusion method

Diameter (mm)

Microorganisms

0 kGy 10 kGy 20 kGy

Bacteria

Salmonella Typhimurium 165" 145 175

Escherichia coli 135 14.5 115

Listeria ivanovii 14 13 125

Staphylococcus aureus 10 115 125

Pseudomonas aeruginosa -2 - -
Yeast

Pichia subpelliculosa 44 43.4 43.1
Mold

Aspergillus flavus 20.9 19.6 20.9

Aspergillus usami 20.3 20.3 20.3

Penicillin verrucolusom 144 18.3 14.4

Muco hiemalis 294 14.4 26.2

“Clear zone diameter (disc diameter; 8.0 mm).
?No inhibition effect.

pelliculosa®l] A3 A5 8 o] 43~44 mm=Z vfepyt o,
Zgolol gk ASA 2 14~30 mmZ Jepgh Al

o] gk A-8-A &) B2 Psedomonas aerugmosa—« A )52
10~18 mm A =R g Afro 519 v &S] A5S

A A 7= Aoz el

g AR A ee S 8 A5 A&
AF}E BEYE FTEAHL B AT 4F ER2 15 Y
o] 4%-of 3} F=oll m-E A& A ) A2 E3E Table 2~
ofl vheblltt. Paper disc ol A 28 Aol 9izte Aoz
vebd & 2 Pichia subpelliculosad) tHEF A& oA Fxw
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Table 2. Inhibition of yeast growth by citrus essential oil
with different concentrations

Concentration Microorganisms (log CFU/mL)

Sample

(ppm) Pichia subpelliculosa
Initial 450
Control 7122
10 6.50°
100 465°
0 kGy 250 NDV
500 ND®
SEM? 0.02
10 5.94?
100 NDP
10 kGy 250 ND®
500 ND°
SEM? 0.07
10 6.03°
100 2.40°
20 kGy 250 ND®
500 ND¢
SEM? 0.06

YViable not detected at detection limit <10" CFU/mL.
PStandard errors of the mean (n=8).

““Means with the same letter in each sample are not signif-
icantly different (p<0.05).
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Table 3. Inhibition of bacterial growth by citrus essential oil with different concentrations

Sample Concentration Microorganisms (log CFU/mL)
' {ppm) S. Typhimurium E. coli L. ivanovii S. aureus

Initial 1,000 6.38 7584 7.32 6.76°

Control 1,000 8.30 8.38 8.24° 8.05°
1,000 ' 8.26° 8.01° 9.43° 8.12°
2,500 NDYY 7.91° 8.05° 7.98°

0 kGy 5,000 ND® 779 3.75° 2.82°
10,000 . NDP 757 ND¢ ND*
SEM? 0.02 0.03 0.11 0.09
1,000 8.48° 7.92° 9.72° 7.95°
2,500 NDP 7.74% 779 768

10 kGy 5,000 NDP 7.60% 2.95° 4.70°
10,000 ND® 7.44° ND¢ ND¢
SEM? 0.01 0.07 0.14 0.04
1,000 8.29° 8.30° 9.19° 7.97°
2,500 ND® 784° 7.25° 7.82°

20 kGy 5,000 NDP 7.78% 327 2.99°
10,000 ND® 7.69° ND¢ ND*
SEM? 0.04 0.04 0.09 0.05

YViable not detected at detection limit <10' CFU/mL.
DStandard errors of the mean (n=8).

a“*Means with the same letter in each sample are not significantly different (p<0.05).

Table 4. Inhibition of fungal growth by citrus essential oil
with different concentrations

Irradiation Aspergillus Aspergillus Muco Penilcillin

dose (kGy)  flavus usami  hiemalis verrucolusom
0 10,000” 5,000 -2 -
10 1,000 1,000 5,000 5,000
20 5,000 1,000 - 10,000

})Concentration (ppm) of CEO for inhibition of fungal growth.
“No inhibition effect.

9+ 10, 100, 250 2 500 ppme & dlgloen o7 A3 27
& 27) WFA B} 3 log cycle A& Apgr o v FAM=
250 ppm, A 100~250 ppm A7F A 229 A8
AA st A2 A=A} F8 AFF AT 4%5(Sal-
monella Typhimurium, Escherchia coli, Listeria ivanovii,
Staphylococcus aureus)ll B &F A1 & o4 =% ¥ ¢+ 1,000,
2,500, 5,000 ¥ 10,000 ppm2 = 3}c}. 2 A3} Salmonella
Typhimurium®] 7-¢- &7 Z7] wiekd ¥} 2 log cycle
AL Agron 7+F AfE 2,500 ppm H7HA] AlF9] A
< dA ke 2 o2 deb o8 A F5- B8 Salmonella
Typhymuriumel] @3+ & &Ajo] 71 Hojut 7o 2 gl
H A}, Listeria ivanovii®} Staphylococcus aureus®] 7%
73E A 5,000 ppm A 7FA] Z27] wlokel] ¥t} 5~6 log cycle
A= a8kl em 10,000 ppm H7FHAl Ago] A=A S
£ stalslgd Tl Escherchia coli 73-%- 74E A+ 10,000 ppm
A7} A 1,000 ppm H71 o B} 1 log cycle A X 743k
Ao g2 Vet o 5ol dg Fr@dnci e sloz
gl =g}, F%o| 4F(Aspergillus flavus, Aspergillus

usami, Muco hiemalis, Penicillin verrucolusom)ol| Tk A|
oA FTXx 9+ 1,000, 5000 ¥ 10,000 ppmL-E 392
v, 2 A3 2Hgd A= Aspergillus usamil g & &+
o] ZAJo] 7} Holnt 7l o 7 2l % gl 3. Muco hiemalisel]
gl 3 Fgo] &Ao] sl G Ao B viepydr]

o2} ko] g Afro] i EA A1 2T}, A& 250 ppm,
Al -8 2,500~5,000 ppm, FFe]+= 5,000~ 10,000 ppmell 4]
5ol A= S FAstg on ekl zalel] o3 W
Sh= el A ]l zhol7) sdch Al Bl 55 A fret A+
o] FAREL FEE o] HolvtA AFE W FHEsE v A
o AAE JAE = e AF HrLERA L AFgo R
B2 A7t o] Foi = a1 9tHI). Lee 5(25) g A9
FFEA AT F4E4) limomeneR thE terpencide}
phenolic compoundsol] 9% 3HFa 37 mty B39
t}. Yamazaki 5(26)-2 carvacrol®} thymole] Listeria mo-
nocytogenesell M3t 34+ o] s ofut Wk limonene, pinene,
ally lisothiocyanate®} linalool-2 @& 37841 welcly
B 73} 39, Jang(27)-2 limonene AFA| 7} o] 52 =)
AEe dgte] 4 AYER o] 7213 bz gt
e F} - FAHe] &5 limonene?] bioconver-

siong §8 LF77EA EA i) ol gg F3 gl
C

B 23}9 ). Caccioni 5(28)-2 el o] A Ho] FHdo]& o
Atz FAo] sy A AR AFE 9 AT A4
A4 g 9le AV 2 Aolgly Bastgon HE g

47t FETH BT A AN E 17} ehe 1
597 9l ¥ AFRE SRR
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MTT assayollAd &2 HF2 Az

MTT 73442 96-well plates A48t HALA A4S
ELISA reader(Multiwell microplate reader)E ©]-%-&}of o
< ABE A A5 5 glo] AEFAY 2 A EFTA
73 © 2 A sulforhodaminb(SRB) 7 AW #} t] 2o e
AHE-E S 9l W F 3ol oh(29).

g AR Azl A A EFA JAE2 Fig. 390
vrebych 748 A5 500 ppm A7FA A549%(ung), HT-29
(colon), HepG2(liver), B16F10(melanoma) ¥ G361 (mela-
noma) A £l & £4] A& 7+7} 90, 95,92, 92 Y 91%
2 5 AZ F4 JAEE Bgrh ek zAte] ok

Aol Pv Aoz =)

Kim 53002 €% F&Eo] ¢ A2l A5499) 3}
100 r
90 r
<
L 80
o
c
2
5 70 r
K
£
£ R
S 60
=
O
50 “ . :
HepG2 B16F10 G361
Cancer cells

Fig. 3. Growth inhibition effect of citrus essential oil (500
ppm) on cancer cells.

The cell lines used were lung (A549), colon (HT29), liver
(HepG2), melanoma (B16F10 and G361) cells.
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P24 -S54 - WS

85.99%, 78.59%2] A} A E35 Ryl B 183l e,
Lee 312 &% 52 3 AF2 &t £3= EDs 1.24
~6.81 ng/mLe] WA SAGA A7} Qlekar B s}

Ak
o ZAL 242 Hiel S0l RF HS
AR A Z ol e} 2
=2 A3l BAEddoe] A& st Aok 2
AR 2 AFE HEsele o) Salmonella Typhimurium
TA982} TA100o that BAEAH] AL4§ AR 4
F}= Table 59} 72}, 4 A=A F-A) 219 739, ZFvkal
Z2AF F ARE LEAHTETFAA A AL FEQL 50~
200 ng/plate®] H$1olA B-AFdnie] Ayl Lvf 2
T3 v 2E & o) fr2t -]l Aol st §l A LB vpebyteh
w3 A A (S-9 mixture)E £35S o AP EA

o] W3 Salmonella Typhimurium2 ©]-43F 235w o]
A AF e AT RE AAe AL S5 BAE

Awo] 47t ol Ao Aolst glgich. YA o2 B
o] 94 B L S U ET B3 Ho] A4 29 3
S5 o e B A fel HE AYHAEFEANN
Ao g fukskal i o Mol okl Zatel 2@
Sel 9L gl AR et

R ol A AN LA D GFEAE hehirk

B3(32)7} 2192 limonene AHA|7F ol -89 W] A E-o
tjste] SAS A bz §eh27). EFF Park(32)2 B2
47} acetaminophen®. 2 § %3+ =] A 74135 A gl
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Table 5. Revertant colonies in the Salmonella Typhimurium reversion assay of the citrus essential oil

Irradiation dose (KGv) Dose Number of revertant colonies (His+) per plate
rradiation dos
Y (ug/plate) TA98 (-S9) TA98 (+59) TA100 (-S9) TA100 (+S9)
200 3+5Y 6+1 79£7 126418
0 50 4+7 8t2 93+4 1704
10 6L3 11*1 9718 189=19
200 51 13£8 100+8 1977
10 50 6+2 13+4 1215 216+28
10 10£1 23+8 153%31 242%13
200 3£1 10£1 188+ 16 2099
20 50 5%2 10+1 1887 283+14
10 6%3 11+15 20424 257*+9
Negative control DMSO 4717 52*3 25820 318%15
4-NQO 0.5 1,460 £ 283
Positi trol 2-AA 2 1,193+123
ositive contro SA 05 1,940+57
2-AA 2 1209+564

Abbreriviations: 4-NQO, 4-nitroquinoline-1-oxide; SA, sodium azide; 2-AA, 2-aminoanthracene.

YValues are the mean+SD (p<0.05).
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