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SUMMARY

Essential oils were extracted from the peel of Satsuma mandarine
(Citrus unshiu Marc, Var, Okitsu and C, unshiu Marc, var, miyakawa)
cultivated in Cheju Island by three different extraction methods :
simultaneous distillation and extraction, cold expression and
solvent extraction, The oil extracts were analysed by GC-MS, The
citrus fruit was harvested seasonally from the field starting in
July and ending in November, and used as a sample for analysis, The
peel thickness of citrus fruit reached the maximum 4, 67mm in July
and then decreased to around 2mm in harvest season, At that time,
the peel content was about 17% on fresh weight basis, Among three
methods investigated, simultaneous distillation and extraction gave
higher yield 1.14%(w/w) than solvent extraction or cold expression,
The densities of essential oils were between 0.8409 and 0, 8530,
which showed no significant effect of the extraction methods, Some
variations in the number of components detected and the content of
d-limonene in the peel oils was observed according to the extractiom
methods: the former was 51 ~107 and the latter was 47.6~68.6%. The
maximum yield of essential oils was obtained in September from
citrus peels just prior to ripeness and the yield had a decreasing
tendency but remained over 1%(w/w), which revealed that the peel of
Satsuma mandarine contained at least 1%(w/w) of essential oils,
GC-MS analysis showed the presence of 53 components which were

identified, The main components were limonene(68,69%), y -terpinene



(7.75%), B-elemene(2.96%), farnesene(2.29%), hexadecanoic acid(l.76%),
a -pinene(1,63%), A-myrcene(l.56%) and linalool(1.46%). The content
of d-limonene, the major component of citrus peel oils, increased
gradually with ripening up to 68,L69% The growth-inhibitory effect
of the citrus oils against two bacteria, Escherichia coli 8749 and
Staphylococcus aureus 6538, and eight fungi, Alternaria citri,
Botrytis cinerea, Cladosporum sp., Colletotrichum gloeosporioides,
Fusarium sp,, Penicillium italicum, Phomopsis citri, Rhizopus sp.,
was investigated using paper disc, liquid and solid culture
methods. The essential oils showed antimicrobial activity against
all strains tested, Bacterial and fungal growth was inhibited at
final 1%(v/v) and 1~4%(v/v) levels of citrus oils, respectively,
Therefore, «citrus essential oils could serve as potential

antibacterial or antifungal agents to inhibit pathogen growth.



AT 7143, A2 AAY 3] F EThe] A8
AL Wztgo] e niriRiA F Y (Citrus unshiu)o] HA| ZHE=)
B H3]] 98%E FFE o] 3len, 1 FoMx 2AXF AU ¥
A Z24(C unshiu Marc, Var. Okitsu), FHZA(C unshiu Marc. Var.
Miyakawa) Fo| 78% B =& A3l QcHASsx, 1999).

A FE2] ] B3 25,860ha('99d)o| oL Pk Hrf 7572
('89d) 2 72wbE('92¢), el HA 493HE(°90) =t 487HE(196)
o2 W3 Fo| Act EY 19907t = AF Hatyo] Y+ F 24
o] FrIstd e}, 19919 ol FHEl& Fitao] F&eFH Z4eo] F7t
AT, 1998). weld g PPzt AErhge] gesdol
=L o By, AEBAY 23S AT duisrl, s34 59
fQlo] 23y wAgste st ofgwete] tiyt Ayt WAy HdFo
ot AFEelA 1980 1996W71A] 2] AE JHFEYE JELE Y
wf, A2 of 35xe]l A= A7t @St =ul(Z, 1997), Bzt 2~
3TE ZHEA Al oF 7,0008~10,00082] 3Hd 3|7 LAY Ao o
&E 2 olvh ey ga) SufelMe AuE dF et W AlEE o2
3ta gle B=eolth ol 2 fulE 2o S|P BHed &
dol & 4 glerng, FHEAL Aozl Y sAYE BEYUrE
Holl A a2 ujz} ot ofol uizt HF w9 AEHQY o] &
Bete] ciyt A7t Wasict

Z+d 3ol pectin, hesperidin, naringin, 44, & -8(essential
oils) & FR/4Tol EE] Qct oM olg EFY &7 24



ol #AY AFE= 4F o] Fo{A 9lerH(Eun F, 1996 : Hwang, 1995 :
Song &, 1998 : Woo §, 1996), B-f AdEel VY A& wugt AFo]
1=

BT AEAZ ZINA de WY V4R LB R AEY U2
Hjdofj ] EHElE o|xfrjAlitEeld, &, ¢, €ul, BAR W 53] F
of o]27712] A8 RE F4le] Exfsh= @4 E-olth AEFolu
Helo wet E5 et ¥ulg epdo AES] WA 9 njA Y
HZEA fe Fasich(A S, 1995). AR UAHAEL terpeneHYE,
APE3YE, YYFHUPYE Fo=2 FH=HC 9en, I FoME
terpene3t3E-S 71 wWol A3t Qlut. Terpened3tE-2 33z oz
o]&ZH[(CiHs)n] 2] TAMAE Zie A W VALY weLE Wil
o, olAx# tig]e] 4of u}2} hemiterpene(17}), monoterpene(27),
sesquiterpene(37l), diterpene(47]) T8 FESI2 Ut H F,
1997).

a3z AR Eolals $£8 terpened monoterpene(b,p., 140-180TC)
2} sesquiterpene(b, p.>200°C)o]Tt}, Monoterpened acyclic(geraniol),
monocyclic(limonene) W bicyclic(ae W B-pinene)Ql7}eo] ulz}l 3F&
2 s e, g EX3 ©¥4a(d ¢ linonene) d = QU3
alcohol(¢) : menthol), aldehyde ¥+ ketone(¢f : citral, menthone)

2 B%7E 7HIAZL U= AE glch Monoterpene F&, B, WY
33, %, A% B Augo] A Aol 9lon, ZF pheromone 2§
o] ¢l= A% 9lt}l, a-Pinene, A-Pinene ZL AL 7ju]g] AR
pheromone. 2.2 3# glc},

EY FRHEES 2 WY ALE AFAsi 4F AEE RUsi

oledl, ol FHEF o183t B ABde FE Ak olZAF



98k 9 ¥ (aromatherapy)ol 25tm, WAIE HWoBg st AREAF AL
$zlElo] Al A7)eg FAAFAA sH= AEYoltt. FF AA
2 &8 o 29z AF W citronelal T2 F&Fo] AHolglal ¥rc}
(7 &, 1998),

A2 GF49 JIRE|lwols AAF R e AF5d
flavedodt T Qt&¢l alvedoF 28 FEE ], ZE BHR& flavedo
% 9 #X(oil glands)Fel EREH U WPPELLE, /X F2
Zule] E3 slztolol 142 URSA wiEE Y3 FE $E 1o’
30~15071 8 = X3t glov HAH-¢lo] met Y=+ thECkFig 1).
a3 AREEL FY TE F(species) UAAME 7|F, FE, A4
&5, AA7| Tl wel 44 WHrt 9la(Kimball, 1991), 2 37
(me/A M 2bm] 100g) 25Uzt 0.48~1.77, LYWA|F 0.96~1.958}3L
SHATHNE, 1984).

ZE BR4EY & - Mol AW AFE 7 F(1998)2 I E A
AsHA] ol Fujat 2o Ee] FHH VYL 63.9242 1 &
2 H && Bol d-limonened EF3} 29F2] terpineHF7} 93.17%
& 2|81, 29 18F24] alcohold, 13F2] esterdf, 10%2] aldehyde
¥, 8%2] ketonef, 1E2 acidf, 1%2 ether, 7|E} 8&¢] 3}31Fo|
ztz} 0.93%, 0.75%, 0.39%, 0.17%, 0.01%, 0.01%, 2,0%& Liepdciz s
gl

Shaw %5(1979) Sicilian mandarine, Clementine?] Q¢AE & B
Stol=rl, d-limoneneo] 65~79% ¥-fE|o] QlaL 7 -terpinene & ®3F
o] Atfaerg ¥ A yYelxrtia REasigrh.  AldehydeR RojMi=
octanal(0,04~0.3%), decanal(0,04~0.9%)0] 714 ulo] 3850 gl
1871¢] alcohol 4ol H&Fgcria 3t4c} AlcoholHF 2 linaloolo]



THELE st wet A4t BYE e, F8 esterfe
geranyl acetate, neryl acetateo]gl.em, <¢F 0.1%2] =k vehda
nootkatone?} WL ketoneH A4E-2 ti} 0.01% AT F{Ho Qtiz
stgrt, 8|3l acidf FolAe octanoic, decanoic AEo] To] H-f
ol gla, iyl o Fele uHLE dEe] of 3.5~4. %FE I
Elo] oltial Ha1dtgct,

Egyptian mandarine peel oilel] #%{t QoA mandarin peelE <
1.8% A% crude o0il& B3l 2o, limonene(37.4%), 7 -terpinolene
(20%), B-myrcene(15,2%) L8]l §--carene(9.5%)o] FAd&o|zlz B
A5tE Tt Zeitoun 5, 1994).

EEv|o}4t mandarine(C. reticulata), lemon(Citrus volkameriana),
orange(C, sinensis)®] ¥ &} 48] citrus oil & G-F¥ RHIiroli] &
42 4o F71297)¢el greenish yellow %HA(45-75% green)o) A 7}
2 3tako] okt sttt (Blanco &, 1995),

8 A 7|7} lemon(C, Iimon (L.) Burm, f,) peel essential 0il®] 4=
£ oA A3k UF APoM 2 4_E summer fruit(verdelli)
old  7H8 3, spring fruite]d M WS $&E& BT
(Crescimanno 5, 1988). Njoroge 5(1996)2 A& F yuzu (Citrus
junos Sieb. ex Tanaka) cold-pressed oil AEe] ¥H3E 2ASIGE=Y),
. Az} total monoterpene hydrocarbon “di-o] 93 3%ollA] 37.7%8 =
A 2L RBYou, H3J| limonene, 7 -terpinene, myrcene U @
-pinene A £2] 747} A, WO p-cymene JE-2 FEHAA F7tst
+ Z%E& vehdrla 2t

=Y BRE ¥ 43dd uel dd(Dabbah F, 1970), A
(Donpedro &, 1996) ¥z} 4L vl AEFRES /IR 9 5l o}



el A3A, AEYR, BAREA Q@ 4FE T M7= (Shaw, 1977)
2 de] o] &Fa glon, I uiru AA T3 A2 48 7158 A
FLEx AMSHA vt Y FRe S 24 AEE, A=
714 AAEZER o|€HI geul, olRL AIF(UA F)g FEEU
d-limoneneo] W]o] A8 AHBEAE HIlste A=Y Regd, ZF
NEHEE BEE AL ¢ UAEF 3 o] HAoletx il

B3l 23R ¥adol vl drl wol olFolxln gl=d],
Sawhney 5(1984)2 d-limonene®| Bacillus pumilus, Bacillus
subtilus, Staphylococcus aureus ol tvisle BlAld VA& LIEpC)
2 s

E H{e 20 JFAEQ d-limonene®| Aspergillus parasiticus®)
223l aflatoxin B4 & GA5}o] (Alderman %, 1976), citrus oile] 4]
= HYFA Colletotrichum falcatum, Fusarium moniliforme,
Ceratocystis paradoxa ol %ad-& uepdciz 3lgci(Singh F,
1993). Akgul T(1989)2 FHIBRE HEFWEFYO|, Penicillium
chrysogenum, Aspergillus niger, Mucor sp, % Rhizopus sp, o ti%t &
T8E ¥Astz AFHIAZEAY JHsd& AAIBICh Donovan §
(1993)2 essential oil F4dEo] leaf spot disease?] Neid-
Septoria apiicola®) Ao u|x] 38kg AN A3} B-pinene A&
o] FAHEAe] 717 Aol wakri Bstyct, Essential oil 74

dEe AAF By f%o|, Botrytis cinerea Pers,, Monilinia laxa

e

(Aderh., et Ruhl,) Honey, Mucor piriformis Fischer, Penicillium
digitatum (Pers,) Sacc,, P, italicum Wehm,, P, expansum Lk, 1|3
Rhizopus stolonifer (Eheremb.) Lindo] ti%t 3rFH S A% A3},
carvacrol ‘g&2 WUFAAIL I} wA uebded,  125ppmelA



Monilinia laxa, Mucor piriformis, Rhizopus stolonifere®] XA} o}
& 843 gARckn shglch(Caccioni &, 1994), Gundidza 5(1993)E
gpiict Lol d4FREEYPoE FEY RIS 259 bacteria
ot 439 FWolol tiyt B VS A APAAM 2L ol ©f
Bl YFEAPYE Ve HEEM A} essential oild 1,8-cineol,
limonene, A-myrcene, a-phellandrene ¥ ¢ -pineneld &S ¥-F3taL
tta stgrh. ®WIHA] essential oil dEY 53-8 AFE Fud,
E coli 0157:H7, E.coli(ATTC 27562), Salmonella typhimurium [ATCC
6539], Listeria monocytogenes [Scott A] 18|31 Vibrio vulnificuso]
Uit 3t PHS AW @, Vibrio vulnificusdto] el 713 nzt
31A ut-gslmW, 53| citral, geraniol @3l perillaldehyde 8-
500mug/mé ==X E coli 0157:H7, E.coli(ATTC 27562), Salmonella
typhimurium [ATCC 6539]o] uigt €A% AAA}E viehiy,
citronellal 2L 250mug/mé s=So|A Vibrio vulnificusd® BS&
AA5] oA 3to] 4E2] antibacterial agents22AM ] 7HedE AA|stA
th(Jeongmok T, 1995), Kurita H(1981)2 essential oil Fg%4-2¢]
B34 4L 2A3tdEd, RERY AWSE  aldehyde 4T F
cinnamaldehyde 40| 71% w2 $FVAH L Uehyo 3§t aldehyde
8 EE FolA carbonylZl& ZFXZ Q& HYEo] 2gA] U2 4E
H|3] &2 HUIRAEE vepdcola 3¢k, 32l aleohol B2
aldehyde 4B & 2t} &2 3384, F hydroxyl groupo| carbonyl
group BT} % ¥FEEE vehlsu 2 olf& o1F Wi AR Wit
3l B3t

Hink®} Fee(1986)= d-limonene “d£o] cat flea, Ctenocephalide
felis(Siphonaptera: Pulicidse)®] ZAAZetAo] toxicdtA =2HE3}aL,



ol d-limonene “Eo| flea?] Al1ZAe] Agsh= 2oz A¢Hr]
Don-Pedro-KN(1996)2} Onu 5-(1997)& citrus peel oil 4J¥&o] storage
insect pestsQl Callosobruchus maculatus, Sitophilus zeamais 1|3l
Dermestes maculatusoll Ttid}e] fumigant toxicityd UieEpdivi B 18}
act, E3F citrus peel oil ZF 448-8] Callosobruchus maculatusol] Tj
3 Atz ze.s ZAY P, limonene® EYUR TR E2 gEo|
insecticidal activityd UERhD o] AEEE ¢giFe= Ejg Ao
AN gEEol 7HA3L e fumigant action?] R¥HE Hrl FAFE
Aoz WAstgHDon-Pedro-KN, 1996). Giga £(1990)L2 cirus oil?]
Callosobruchus rhodesianus (Pic. )ol th¥} cowpeas 2] protectant @AM
9 7hHs4dE& ZESY I, Anaso £(1990)2 orange 0il2] mosquito
funigant 24 2] 7hs/d & ARSI AT} Y& ¥l

o2t 2 dFoME HFEA AEve] i R $ES A
JIREFE, FUAY A&7 o] WE AR & UL 4
& 45, A 7 ddsts Bl F%eo] 3 oyt Hdd Al
ol it AIH 7o Y RE & Y3t
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Fig. 1. Horizontal section of Satsuma mandarine fruit, Citrus

unshiu Marc, Var, Okitsu( X32)
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n. Az 9 ¥y

1. § =

AZ2AREE $E&F M2 AFE $U7ed FHIIe/MNLEF
Al 15608 ZERNZA(Citrus unshiv Marc, Var, Okitsu)z} FH=2A
(Ci trus, unshiu Marc, Var, Miyakawa) 2FU2hg& AMR3t4C).

2. AEuy

1) g4 A7 Je=zA

(1) LA 71 4[] 24
Zrgo| AR F 10~20Y ANHL2E ¥l FAFPxA Y E4
Abgstart. AV 24 F 277 vl A 20708 ¥AE, FF, 2
3] $A & vernier caliper® &A%la, e, A4¥<E 9 }3|E&(fresh
weight, %)& &3stdrt

(2) A2 F718E 4
#2Y P EL ARE 60CoAM &3] A2Y F EHIL 40
mesh A& B2 A& 1g Azt kg EasiArsd, 1988).
aelz B e AWHes 129 e, & §F FIEEL 0.45

-11 -



um membrane filter2 oJZ}§t ¥ ICP-AES ( Inductively Coupled Plasma
- Atomic Emission Spectrometry, JY70C, XA )gF o|&8lo] B3l
vl =3 FREE F Ay F FIIEE HEHE dolRd] 3 FRE
Fa% F H2 ARE AR FI)H4E B4 o|-F34cl

2) AEHRE2Y &

(1) &gl o2 A4 23
A2 8e FHE Eesty] s1s1M S5 (Tatsuka 5, 1990), 22
A (Staroscik 5, 1982) e &of3& (Kawakami, 1990)& o©]-23}
gom, 1 MEAPL Fig 29 At FESLE 48 3 YRg=
Ltehpgict,

D d45F+&H(Simnultaneous distillation and extraction, SDE)
A3y 400g& HA AE F FWe 248 LY laboratory
blender(WARING Co., USA)E 1E3 unlfiyt ¥ F&8 A2 ARy
th &2 SE FA(Fig. 32 oM B4 ¢H/3X)(Fisher Sci.)
g o|83lo 3Ce JL4+EF £¥A|F|3L Heating mentle(MISUNG Sci.
co. )& @& 718l 24| B¢t F&sHTE FE&Y ¥ EJFLY Y]
5 43 el dzix] & 10833 A3 24P g Mg

ct.

-12 -



citrus peel

lﬂ_

Maceration

!
Blending
(1min)
$
Distillation
(2hr)

!

Separation by density

1

I

Cold expression
by moulder press
(1,800 psi)

}

Centrifugation
(15, 000rpm)

Y
Maceration

!

Extraction by
solvent(hexane,
methylene chloride
& ethyl ether, 20hr)

|

Filtration

!

Removal of solvent

P

Essential oil

1) Simultaneous distillation & extraction method : Refer to Fig, 3.

Distillation apparatus

2) Cold expression Method : Refer to reference . Staroscik, J. A,
and Wilson, A.A., 1982. J Agric. Food Chem , 30, pp. 835-837

3) Solvent extraction method : Refer to reference : Kawakami, M.,

1990, J, Agric. Food Chem., 38, pp. 1657-1661

Fig. 2. Extraction methods of citrus peel oil

- 13 -



Water-jacked
condenser

Distillate
collector
Distillation
flask
Stopcock

Heating mantle

Fig. 3, Distillation apparatus for recovery of essential oils
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® #2492 (Cold expression)
A& 400g& 30~40T2] 240 3027 A F FuidA7(F4)=2
Zaslgey oluf A9ty 1000-1800 psig.on &3 F YME
2] (Eppendorf 5415C, Germany, 15,000rpm)3}el {8 ATt

@ &nj3224Y(Solvent extraction)

&80 E MWAN(HPLC grade), Wl =E2}o|=(HPLC grade), Tlold
oJe| E(HPLC grade)d AM&3lgtl. AlE 200g& laboratory blender®
oF 18F¢ upM3 F, FelAIo] Y 2t2te] Sulg 204 HIste
SDE A2 & 20417t $&31rh.

2) A&EH &4 vlE HRAHE &
D A=z 9%
EetA23A(52, pyrex) &7]d] ABEFE 22} 100, 200, 300 2] 400g
4 Y EHF 2085 AUl AR ulE £E4-ES AESL
@ SFHAINY o8
Z 222172 50, 60, 90, 120, 1508 0% ¢ 308 7tHe= )3}
of & Zh w2 A {+E&S AES AL

3) ANz wE FREZ &

OR:EE
72270 400g& #e Sol 10, 30, 60 ZtzZt Ux|¥ T olste @

~- 15 =



LR EE LT

@ AzAz
22T E 60TolA 24A|7t EFAZY ¥ F2)7](IKA-universalmuhle
M20)E 30 Fqb H2% ¥ B3 AR 100g2 S/ 248 TPl 45
FRa-astelch

(4) 22 ASA71E /4 +8
ol A3 ¥ 10~209 L2 dulE At FA AEHE
22|3ta YHEA(-4T) HA d&FRFEEYULE F/E ST

3) HERAEEY 54  JEEH

(1) ¥&
Ao HF2 AR 10t MAFelLTo] YL 20CE ¥2 A2 ¥ F
T FBsIA, 20T & %o oy N2 AsAch

(2) UV-spectrum
F2H"H 2123 HY W-spectrund spectrophotometer(Hewlett Packard
Vectra)S o|-&35}5] ¥4 190~820nm *H ¢l oA scanningdtict,

(3) BEEH
F4¥ A< FrRNIEELE ¥4y thg WEL(-20T)d B3
stEA EAoll Abgstaletl, B8] 4ol gas chromatography-mass
spectrometry (GC-MS, Hewlett Packard (HP) 5890(USA))& o|-&3}4cy.
Z4-& HP-1 (0.25 mm(i.d. )X25 m(length), carrier gasi= Heg A}&-5}

-16..



of f<42 1.0 nt/mineE 33, 2B 2% 60T ~200C(2T/min), 3¢
T 2% 230C, A&7 22X 250TY A3l ARE 0.2x4 FI5}
o] flame ionization detector® AEdlgHouv], o] 23 70eVojr ®s}
gcHTable 1), AF FH=2Y BAL GC-MSEHE AT total ion
chromatograng < ¥ HEFH(Sigma co.), mass spectrum library
(WILEY138) 22]3 B84 2}E(Show, 1979 : Cotroneo &, 1990)2}
vl ste] #Qlstc)

Table 1. GC-MS conditions for identification of citrus oil components

GC-MS manufacturer Hewlett Packard(HP) 5890 (USA)
Column HP-1 (0,25 mm(diameter) X 25 m(length)
Carrier gas Helium(1.Omé/min)

Temp. program 60°C (5min) ~(2C/min)-200°C(10min)
Injector 230C

Detector 250C

Ionization voltage 70eV

Mass range(m/z) 70-700

Injection volume 0.2

- 17 -



4) 3P4 YAwd HA

(1) 23+
235428 BATEE AR AMEH APFFE Table 28} 7l

Table 2, Microorganisms for the test of antibacterial activity of

citrus essential oils

Bacteria tested Source of strains

Escherrichia coli 8749 American type culture collection

Staphylococcus aureus 6538 American type culture collection

(2) BM2d B3

7b, AR wg
E. coli 87498} S. aureus 6538+ nutrient broth(NB, Difco)& A&
Stof 30ToIA 24417t Al orstaich

L} sk &3
UAYdL paper discl(Kim &, 1995), AT 3]4Jufoky (Conner 5,
1984) 0.8 FAsl4c).

@ Paper disc¥]
ulg] wjoryt AR ik 10048 =W H2 nutrient agar(NA,
Difco)uljz|o] AlE 40utE HHY 7 5mm®] paper disc(Toyo)E =
T, 143 wigste] AAFL] A& AR A& St

-10_



@ A& FHAMufy
A3 wioFg nutrient brothux] 5meo]l HAF 100E FY3IL o
7l 0, 50, 100, 200, 30022 FAFARAZE st & EYPsta 1
d vl 2 AR AFPEE 54nmol N2 FFEE FY AT

z
A8 EY A8 Aol AT AHEF ATE sY7ledodA
Telsle RE F AEAFEY 0 HAFL T 4HF 8% Hof i
#}e] AA}StETH Table 3).

Table 3. Microorganisms for the test of antifungal activity of citrus

essential oils

Disease symptoms
Fungi tested P
on citrus fruit

Alternaria citri Black rot

Botrytis cinerea Gray mold

Cladosporum sp, -

Colletotrichum gloeosporioides  Anthracnose rot, White tip

Fusarium sp. -

Penicilljum italicum Blue mold
Phomopsis citri Melanose
Rhizopus sp. =

- 19 -



(2) A7 2%

7t AR g
AR AL potato dextrose agar (PDA) ApHuwix|ofl FFE3} 30°ColAl
T~1494 7 g3 F, FIFFFT wE HIlste EAHEEAE e
FA AFELE AHEIAU Ex FARE 4AY AT ¥ A
42 HEIAE HIFHoE AMESI4T)

L daEd &4
VAP L paper discH(Kim B, 1995), 4AujeH (Conner L,
1984), IAufeFH (Kang &, 1994)& o|&sle] &3slaict

Q@ Paper discy
PDA ®¥Jz] 15méE petridisho B3 =% hard agar WjR](2.0% agar)&
A2y o, XEARESol} HAA BEHY 200u4EF soft agar WA
(0.65% agar) 5meet 40}jA] hard agarvlx]e] F&3}e] A plated A
zstgcet. 3 the &R slaAl s Al 40448 paper disc( ¢ Smm)ell
T2 23 plated] &8 2 tha, 28TCoA 24 Aol ulet o
A7\ vjeretel B & AABL ABF& FYsAct

@ YA
Potato dextrose broth (PDB) ujz] 5Smle] A-F-A|EE 0~300uL%] 7}
¥ F, ExEdo|ul dAA e 10048 F EYSII 28TolA 20
gt F 2 A FAESAEE o W3

_20_



@ Ay

oAl Zhel] whE PR ¢S oA FEE gohRr] $i8te] PDA
#jZ] 20méE petridishe] Yol A ¥, AFFR 100LE H7Islo
=Ug ¥ 4 5w AFFE RS Yol FF3aL, 28T A
Tt wjrstEA FAIEY HARPEE FAHLE JHst FA A%
BEE &35kl

Jdelal ZE2RR H/Mesed wE YIEEAEE 5317 s PDA wiz|
15mE petridisho]l YiL 2% hard agar Wj=|(2.0% agar)& AZ8 t}
<, soft agar HJA](0,65% agar) Sméofl 100u02] Ez}R-fo|L} AAF ¥
Bfezt 0, 25, 50, 100u£2] FRAEE 742 Hrista F £t hard
agardl=x|o] Z&slgdrt. el 28TColAN  uiR7e IFRSAEI)
petridish’d AHo| o] & wiz}A] vjorst ¥ 22 {FEE FAsIAch
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m a3 9 a3

1. Za@e| 4S[AI7(E ByHst

1) A&7 AW HgH

#Ee ALAZE 87, $7%, A5E U AFY €3E SV Ay
= Fig. 49} Zoich 2Hde] 37(29.9~63mm)2 £7(29,.7~52, 3un)2
64 A - Fo¥E 99 F - stertA] FHA LR g, dol¥HE:
uf-¢ @etstA USsiged, 8YW she~9dWel HYE ¥R F I}
FREch el 114712 A=) e FAE 13.6~108z22
84 AeZFE 333 713171 ANANALL 108 F¢Z VU EA
109 3 o]F = 2 w3t gldich A FEAE 949 F¢7 Hdxg =
o|i 37| u o7t A= ZAWE LE )

22 A8 AN FAL HRY HAE Fig. 5ol vehjglch
T Ag271Q 74 Aol 4.6TmE JHH AR, 2 olF FIFL
2 fal9gou, 949 F4A0d AR FAYA A28 FRE B
ct 94 FeAol A2y IFPAE Vebd A& 8, 9W 17| AEE
doll s 3| FA7} ThA] SO Ao AR (Y F, 1984), 2F
U2t %71 109 she ol ¥4 Ay F2E 2.0mo] ZH7H3iTh 3fv]e)
g5l chsto] 3k 1(1982)2 23 AKZYE LYt AEE o
- 68 337 E 4ol BAFHE Ao 83 2yl el it
+ 232 949 F¢37A] AEEEE AL, MY G EEEAY)
7} ®olAcul, olaide Ae AFo] ARIE Pl ulelt 2v|R3eo] O
of @gs 371§ el 7171 #I%E Folelx 3t
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Fig. 4. Seasonal changes in size and weight of citrus fruits
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Thickness{mm}
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Fig. 5. Seasonal changes in peel thickness and peel content of

citrus fruits.
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A& 22 &L AU FE27A 74 A7 66. 5%(w/w)oll
AN D YA F 17%(ww) R o] Ao wet Axl Zade
Z%& Jehjgitk(Fig. 5). ol& & ol F713h= e zye
efolxl e Azt Yx|stdct.

229 +ERFLS N1~75%2 AJPEE 2 Ao|} ¢lalev(Fig.
6), Zvje] G $2FFL o 72~73%¢) RO E Uehdet 3 5(1977)
< 23Uz Hu L 20+5%0] AW FEUFE 70-73%8L B2
stdEnl, 2 d3xFAe Xz FUE 24l

100

Content(%}
2

8

0 1 L i 1 L L L. i
&/14 7/4 Ve 813 ¥2 g2 112 11/1 1/21 12/11
Season(rmonth/day)

Fig. 6. Seasonal changes in moisture content of citrus peel
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2) ZE2u)e] FI)4E UY

ZAEHVNZRE FRE FEY ¥ FUEY ol f Hed S YolkT] ¥
sty Arlel ARFE F JE AN FUEE €L &5ty
(Table 4). AH $&3 AV Fr4E ¢ A4, o], g4, o2
ol 24zt 0.27%, 0.47%, 0.41%, 885ppmolglln], F&F T4 EY
k2 0.23%, 0.74%, 0.26%, 847ppmo|%iT}. =¥ H, H4 old & t}yd
8 FolgEel Ao, &3] Oy RI4EL FadF & A
o]F HolA| ¢ot FRHFEF FAUFL tlYY Fr4EY FIHlER
o]§o] 7t A2 7vj¥rl

Table 4. Mineral components of citrus peel before and after SDE!

K Ca Mg P Na Fe B Zn Mn Cu
(%) (%) (%) (ppm)

Components

Before  0.27 0.47 0.41 885 288 66.2 40.8 22.8 12.4 9 4

After  0.23 0.74 0.26 847 324 79.347.422,910.2 9.4 3.5

1) SDE : Simultaneous distillation and extraction



2. dFFRYES F& U BY

1) F&uhde] ulg ZR/4E vla

g HUERH FFY, ALY 2 gusE&YeR FRE F
& - H 5ol e &2 Table 58 Aot FRYLE FEIAS
wie] +o] 1. 14%(w/w)Z 71 wokow, A2YPor 2EsE uf
o] &2 0.21%(ww) 2 713 Wlrh guj2 F&3}4E& oY &2 A}
% &nie] FFRol wel ciE2A Jebgten, ¥iK(D.C., 1.9), HLHE
Zelolz, oldofel2(D.C., 4.3) Z2 1.02, 0.90, 0.53%(w/w)e] $&
€ R4l ol #ul8 dielectric constant(D.C.)7} Z&4=F 4=§o)
oS gui¥ct FEPHEE dojd Z BRY FHEE FF S
d-limonene ¥ T2]3 ¥]FE FAY F2}(Table 6), HEH FH44E
8 FFee FRE AU e Yate] 2%t GuiaEyY Ag
Ztz} 51F, 55%, 107®olqlct. gz A/ F4EQ d-limonene ¥}
F(peak area %)2 F&W Yol we} ti2A yelgted, P4 EL] 3R/
7t AE&rE worh FRYLE dolA HH2 68.6%7} d-limonene Ll
718 ®ot3, gujidy § FE54E0] VM w2 Yibgk &L= A}
£35lo] dojzl H-[-2] 47,6%7} d-limonene 2.8 713 W& 4X|& R4r).
Jeut R ulE2 0.8409~0, 853028 4ol wa} xjo|r HE ¢4

cl.
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Table 5. Yield of essential oil from

extraction methods

citrus peel by several

Extraction method

Yield(%, w/w)

Simul taneous distillation

& extraction

Cold expression
Solvent extraction
Hexane
Methylene chloride

Ethyl ether

1.14

0.21

1.02

0.90

0.53

Table 6. Number of components, limonene content and density of

essential oil from citrus peel by extraction methods

Number of d-Limonene
Extraction method 1) Density
components content
Simultaneous distillation
. 51 68.6 0. 8409
& extraction
Cold expression 55 53,7 0.8472
Extraction by hexane 107 47.6 0. 8530

1) Area% was obtained from GC-MS chromatogram,
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2) A4FF F&20 € ARKEE ¥H

(1) A2z 4%

AEZF3E(SIE) FXEF o] &% AF R FEA A2 wE FH
Baarg &A% A2H(Fig. 7). RBAE7F 100, 200, 300, 400gd uw)
¥4y A/ 22 1.1, 2.6, 3.8, 5222 AlBek w}E F{YL B
3 HAAAE veblct

y =1.312x - 0.14
R? = 0.9967

Essential oil obtained{g)

100 200 300 400 500
Citrus peel used(g)

Fig. 7. Effect of the amount of citrus peel on extraction of

essential oils by simultaneous distillation and extraction method

- 29 -



(2) SRAITY 3%

AR F& $&ol 1 2 SEYE AFEUES wie] FHAI%] o2
&2 HE &AW A(Fig. 8), 60 ZAA o 1.10%(w/w)d] +&
& o, oF 0R7A ALk F7Iste] oA 1.25%(w/w)o] =&t
A3, I ool tha A4IE BYo e, ot FHAANY F2A4
(Fig. 3) 7ld%(heating mantle)®} ¥ 4% (distillate collector)®d
Hog QY 7142 ARGEe] dF &4 2= AWt FRAT
of wheld HE&Y HEL 50, 60, 90, 120 I 1508 A=Al 22} 54, 52,
77, 96, T970ZE, 1202 FAAl 7MY @2 gl AE&HLACL

aga FRATEZ AEEFY FEE P2 AR @aK(Fig. 9),
4Ee] et xolg HYEd  d-limonene(59.95~69.90%) 32
hydrocarbonef(83. 76 ~92,93%) = FHA|7to] ZA2ghe uwial HA} 74
e ZAYS Bgon], alcoholff(3.5~4.3%)= 908 F}A uiparg
Holil ol o7t Zrashe F¥olu & Aol gldrt. F3] alcohol i
¢] F8 ¥4 linalool(1,83~2,58%) i} z4stgch ea
Aldehyde (0. 48 ~0, 96%) 2} pentadecanoic acid, octadecadienoic acid
5 B2 acidfF(0.35~3.77%) Q&2 F-FAldo] 2yl wat Ftst
t ZBe= 1208 A4 Hof @& viEhlch
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Fig. 8. Effect of distillation time on yield and number of

components in essential oils from citrus peel,
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Fig. 9, Effect of distillation time on the component content in
essential oils from citrus peel, Area % was obtained from GC-MS
chromatogram, A: Hydrocarbones, B: d-Limonene, C: Alcohols, D:

Linalool, E: Aldehydes, F: Acids
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Fig. 9. continued
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Fig. 9. continued
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3) AAel = e FREE WY}

22 A RN P ¢+ e vMd ¥ A= Fo AR
#FAF & U e vXE 9% HEsrkFig. 10). 2ty
& BE BolA 10, 30X, 60 FU¢ A stAE o, A3 U2
Zol tigt Aride $& 27 81, 76, 73R, o 20~3xFE FE°]
FaE gk ER 60CAHA 2441 A2A A 4&2 A=A 23] UL
22 26%2 ¢ 1453 52| &) AT E L2 yrtyth A& HAE
z wel A&" 4ES4E BAe, 7k 10, 30&, 60x 1ela A

Ztz} 89, 108, 95, 66, 6170 103, 30 7IEAA 2571 Wol
&Y AL 2/ FRPE ol8 o|A7 HAY ZLeR Holm, AXRH
glA] 71 A2 gl A&H T

AE AXe 20 WE AFPH FEE ¢Fe HEHs Table 7o L}
Eliglct. d-Limonene 58] hydrocarbonefd &2 t]R3E, AR, dH
2] 10&, 30x, 602 Az|tollAd 24zt 82,47, 89.21, 84.61, 85.47,
90,05%, linalool 52| alcoholf+= 3.39, 1.29, 2.82, 3.91, 3.26%,
nonanal 52| aldehydefi+= 1.38, 1.36, 1.47, 1.29, 1.09%,
octadecadiencic acid B¢ acidfs 2t 3.24, 2,04, 3.02, 3.16,
2.89% 12|31 esterf{:= 0.93, 0,09, 0.14, 0.13 ¥ 0.14%2 A=z W o
Azlo] o8 alcohol§, acidf W aldehyde Hato] iy oz WA
Lieite,
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Relative yield{% of control)

Control Heating(10) Heating(30) Heating(60) Drying

Number of companents

Control Heating(10)  Heating(30))  Heating(60) Drying
Pretreatment condition

Fig., 10, Effect of pretreatment on yield and number of components
in essential oils by SDE method, Citrus peel was dipped in boiling
water for 10 seconds(Heating(10)), 30 seconds(Heating(30)), 60
seconds(Heating(60)), or dried at 60C for 24hrs(drying).



Table 7. Effect of citrus peel pretreatment on the content of

components in essential oils,

Pretreatment condition

No. Components Control Drying Heating Heating Heating
(60C)Y 10sec 30sec 60sec
1  a-Thujene 0.11Y 0.16  0.13 0.13 0.19
2 a-Pinene 0.84 1.15 0.73 0.95 0.68
3 pA-Pinene 0.01 0.78 0.59 0.51 0.72
4 B -Myrcene 0.82 1.21 1.67 1,57 1.14
5 d-Limonene 56.47 62.66 59,37 61.07 58. 67
6 Octatriene 0.64 0.66 0.52 0.49 0.65
7 y-Terpinene 6. 37 7.24 6.01 5.15 6.69
8 a-Terpinolene 0.82 0.79 0.76 0.83 0.85
9 Linalool 1.86 0.68 1.55 1.87 1.8
10 pMentha-trans-2,§-dien-1-0l  0.05 -4 0.07 0.13 -
11 Citronella 0.09 - 0.11 0.15 0.15
12 Nonanol 0.06 - 0.05 - -
13 3-Cyclohexen-1-o0l 0.27 0.14 0,23 0.26 0,22
14 @ -Terpineol 0.51 0.17 - 0.48 0.47
15 Decanal 0.49 0.34 0.51 0.64 0.58
16 trans-Carveol 0.14 - 0.17 0.3 0.08
17 Nerol 0.1 - 0.07 - 0.09
18 cis-Carveol 0.07 - 0.09 0.24 -
19 Cyclohexene-1-one 0.13 - 0.19 0.4 0.06
20 e-Citral - - 0.04 - -
21 Cyclohexene-carboxaldehyde 0. 17 - 0.22 0.32 0.22
22 §-elemene 0.83 1.04 0.59 0.42 1.41
23 @ -Cubebene 0.12 0.1 0.06 - 0.15
24 Neryl acetate 0.12 0.09 0.14 0.13 0.14
25 @ -Copaene 0.54 0.44 0.52 0.58 0.7

1) Determined as GC-MS area percent, 2) Trace or Not detected,
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Table 7. continued

Pretreatment condition

No, Components Control Drying Heating Heating Heating
(60T) 10sec 30sec 60sec
26 Geranyl acetate 0.81" -4 - - -
27 B -Elemene 4,92 4.58 4.26 4,58 5.7
28 trans-Caryophyllene 0.9 0.77 0.79 0.81 1,08
29 y-Elemene 0.52 - 0.39 0.45 0.7
30 a-Guaiene 0.09 0.05 0.09 0.09 0.12
31 @-Humulene 1.12 0.96 0.97 1.04 1,27
epi-Bicyclosesqui
32 phel landrene 1.19 1.16 1.12 1.01 1.57
33 Aromadendrene 0.25 0.18 0.22 0.19 0,23
34 7 -Elemene 0.74 0.63 0.61 0.39 0.93
35 Farnesene 3.83 3.46 d.5 3.41 4.94
36 & -Cadinene 1.04 0.89 1.02 0.98 1,27
37 Elemol 0.38 0.26 0.36 0.34 0.54
38 Germacrere B 0.26 0.24 0.26 0.23 0.26
90 Spathulenol - - 0.23 0.29 -
40 7 -Gurjunene 0.07 0.06 0.08 - -
41 ¢ -Guaiene 0.11 - 0.16 0.19 0.07
42 Tetradecanoic acid 0.13 0.29 0.15 - -
43 Nootkatone 0,07 0.05 0.1 0.1 0,07
44 Hexadecanoic acid 2.75 n 1,08 0.33 0.19
45 Hexadecen-1-ol - 0.04 0.05 - 0,06
46 Octadecadienoic acid 0.48 1.54 0.46 - -
47 Octadecadienal 0.51 0.95 0.46 - -

1) Determined as GC-MS area percent. 2) Trace or Not detected.
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4) AL 7)o mE FHRGE W

BEAZIHE SR80l A A EREY FFT-RE FIW A3, 7
o Aol 0.77%(w/w), 9¥ Aol 1.16%(w/w) 3 119 Fo
1.05%(w/w) 2, &2 84 Fol¥ F33t o] B<E/] AU 9
o Hrjxg Heoen, I ofF ot fidle FYUE Rol} SN
714 109 317 tiA] F718tele], ol Blanco F(1995)0] E-Fujo}
Al mandarine(C. reticulata)?] 3|2} Q2] citrus oild H3 B3
Ao g2 zt3e] F7HANTIAIQ] greenish yellow coloration(45-75%
green)A| 710 7p3 o] wrin ¥ A vyt A vehigct =t
gd g I3 Fe R AR ¥sH7] A gon, FHox
1(w/w) o2 BRIt TRE ddrke Yu|E A HTE =3, H}¥L
17%(w/w) (Fig. 5)&} ¥ €& F-{ ¢ 1.00~1.16%(w/w) (Fig. 11
8] yield =)& 7|1ELE W& ul, M L o 0.17~0.20%(w/w)
of 3|Esle ARE ¥4 4 AUt g FE&y LAEY 28 £k 3
Aol i) wrel A Zaste A& UeplthFig 11).

ALAI71E AR T4 #FA ol ER AR HYEYE ER ¢
aH3LE Table 83} Fig, 12¢] uEljgr}. HydrocarboneB (75, 48 ~
92.84%)= o] Jsiel wiel F71stgom, 3] d-limonene {HE
74 23Y, 84W 214, 94 224, 104 299 W 114 17¢¢] 2z} 44,49,
54,19, 60.4, 64.51 T 68,69%(area)T Az} 275t Ho 7 uUebyit),
Alcohol (2. 4~5.33%) ¥ F2F A5lg =0 linalool(1,46~2, 66%)
= 42 A& YelWlen, acidf(1,49~7.31%)% 7474 o] g3k 2
ol o] ol wel FA3IGT) EsterF}  aldehydes 94
2 Fed Al YFE Ho| o|F o7t sst= AE vehulch
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Fig. 11. Seasonal changes in yield and component number of

essential oils from citrus peel by SDE method
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Table 8. Seasonal changes in the component contents of essential

oils from citrus peel by SDE method. Area% was obtained from GC-MS

chromatogram,

Season(month/day)

No.  Component MUTUr 1 a8 821 910 9722 1016 10729 1117
1 a-Thujene 7.61 0.71 0.27 0.26 0.26 0.2 0.11 0,14 0,11 0,21
2 a@-Pinene 7.86 2.39 1,89 0.88 2.57 2.44 0.72 0.89 0.75 1.36
3 A-Pinene 949 2,02 1,06 1.04 0.8 0.65 0.51 0.58 0.38 0.87
4 A-Myrcene 10,19 2,17 1,03 1.07 1.11 1.12 1.51 1.06 0.92 1.45
5 d-Limonene 13.27 54,7 44,5 53.1 54,2 58.0 60.4 62,9 64.5 68.7
6 1,3, 7-0ctatriene 13.4 0.68 05 0.45 0.43 0.39 0.32 0.67 0.74 0.73
7 y-Terpinene 13.87 12 6,77 7.12 7.82 6.78 6.13 7.34 7.12 7.75
8 a-Terpinolene 1466 1.24 1,04 1.09 097 0.89 0.8 0.8 1 0.83
9 Linalool 15,14 2,66 2.65 2.49 2.28 1.94 1.81 1.7 2.21 1.46

p-Mentha-trans-2, 8

10 16.25 0.12 0.09 0.05 0.04 0.04 008 -* - -
-dien-1-o0l
11 Citronella 16,68 - 004 005 004 0.06 009 0.07 0,11 0,07
12 3-Cyclohexen-1-ol 17.32 0.38 0.44 0.35 0.32 035 0.37 0.25 0.3 0.19
13 @ -Terpineol 17.7 0.48 0,66 0.61 0.69 0.74 0.81 0.57 0.66 0.41
14 Decanal 18.07 0.16 0.36 0.33 0,36 0.44 0.5 0.49 0.64 0.35
15 trans-Carveol 18.47 0.08 0.26 o0.18 0.11 0.13 0,22 0,07 0.08 -
16 Nerol 18,61 - 0,04 0.06 004 007 0.1 0,08 0.11 0,07
17 cis-Carveol 18,73 - 0.13 0,07 - - 009 - - -
18 z-Citral 18,97 - - - - 004 0.4 - - -
19 Cyclohexene-1-one 19.02 0.07 0.25 0,13 008 0.1 0.18 0,05 0.05 0
20 e-Citral 19.6 - 0.09 0.05 - 0,06 007 - - -
g1 PCloheXenelT g 6 006 015 012 0.2 0.24 026 02 02 013
carboxaldehyde
22 § -Elemene 20,94 0.54 0.4 079 1.29 1,27 0.84 1.25 1.21 0.91
23  a-Cubebene 2115 - 0.09 004 009 008 007 009 0.1 0.07
24 Neryl acetate 21.41 - - 0,06 0,08 0.11 0.13 0,09 0.09 0.07
25 a-Copaene 21.67 0.23 0.52 0,46 053 0,56 0.58 0,45 0.44 0.4

26 Geranyl acetate  21.77 0.38 0.64 0,65 0,77 079 0.71 0.65 0.69 0.13

1) Determined as GC-MS area percent, 2) Trace or not detected,
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Table 8, continued

No., Component R/T Season(month/day)

77 7/23 8/8 8/21 9/10 9/22 10/16 10/29 11/17
27 B-Elemene 21.83 3.26" 4.59 4,25 4.78 4.42 3.92 4,19 429 2,96
28 trans-Caryophyllene 22.49 0.52 0,94 0,81 0,86 0.81 072 0.76 0,77 0.6
29 y-Elemene 22,68 0.29 057 0,58 0.71 0.7 0.6 0.54 0.54 0.3
30 g-Guaiene 22.76 0.05 0.09 008 0.09 0.1 009 006 0.08 0.06
31 ¢-Humulene 23.08 0,75 1,15 097 1.07 1.03 0.93 0.8 0.94 0.64
32 A-Selinene 23.42 0.23 0.33 0,2 0.23 0.23 0.17 0.14 0.19 0.13
gg SPi-Bloveloseequivh oy oy ) 05 112 128 153 152 1.3 L24 1.2 1.01

ellandrene

34 Aromadendrene 23.62 0.26 0.33 0.25 0.29 0.27 0.21 0,17 0.23 0.13
35 y-Elemene 23.71 0,45 0.41 0.64 074 0.71 051 058 0,65 0,36
36 Farnesene 23.92 2,6 374 3.21 3.84 3.8 3.39 352 35 2.29
37 § -Cadinene 24,2 052 1,06 093 1.06 1.1 1,04 084 085 0,65
38 Elemol 24,58 0,09 0.33 035 0.39 0.35 033 0.26 0,26 0,22
39 Germacrere B 24.75 0.19 0.11 0,26 0,28 0,21 0.23 0.15 0.16 0.12
40 Spathulenol 25,13 0,07 0.54 0,16 0.12 0.08 0.13 0.05 0,07 0,05
41 y -Gurjunene 2534 0.1 0,25 0.12 011 0.12 013 - - -
42 a-Patchoulene 25.58 0.15 = 0.07 0.14 0.1 o0.12 - - -
43 Valencene 25.67 0.09 - - 011 009 0.09 0,05 0.05 -
44 y -Cadinene 26.05 0.14 0.42 0.21 0.07 0.24 0.19 0.12 0,12 0.09
45 & -Guaiene 26,22 0,84 192 0.67 09 0.6 0,5 0,38 0.37 0.24
46 Tetradecanoic acid 27.58 - 0,27 - 0,06 - - 0.09 - -
47 Neophytadiene 28,52 - 0,14 008 0.09 007 003 - - -
48 Pentadecancic acid 28.84 - 032 022 019 0,15 0.15 0.1 - -
49 Hexadecanoic acid 30.22 2,78 6,06 4,71 2,84 2,72 2.33 2.64 1,32 1,76
50 Heptadecanoic acid 31,34 - 0.11 0.1 0,05 - - - -
51 Hexadecen-1-ol 31,89 0.13 032 0.29 0.3 0.19 0.1 006 - -
52 ::::de"adiemic 32.12 0.28 055 1.62 051 038 0.46 0.5¢ 0.17 0.2
53 Octadecadienal 32,18 - 0.49 0.79 0.51 0.36 0.39 0.46 0,32 0,48

1) Determined as GC-MS area percent, 2) Trace or not detected,
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Fig. 12, Seasonal changes in the component contents of essential
oils from citrus peel. Area % was obtained from GC-MS chromatogram.
A: Hydrocarbones, B; d-Limonene, C: Alcohols, D: Linalool, E;
Acids, F: Aldehydes, G: Esters
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Dugo 5(1990)2 =48] 443t 7 d-limoneneo|L} esterFel U
o] FJlRictn  RAHHIL, Kekelidz F(1989)2 FEUZY
ontogenesis 717t B¢t U A4oA FMEE= terpene FE] HIHE
ZAgY Z2}, limonene, linalool, p-cymene 18]35 B-elemene A2
&9 ulg A Ao 7} wo| v, B3] limonene HEL o] A
718 #de &e|F Ad47171Al $718hY  dbde]  linalool, B
-caryophyllene, a-terpineol AEL ZtAdl Rod B adlgct 5B
3] linalool 212 monoterpened] ¥MHe] Z A2 UL = Ao
A Az QoA MGz A HAS= = ¥HH, d-limonene oL}
esterfi= F7I%iti 3l

2|51 AtA M3 pitter orange (Citrus aurantium L., ssp. amardeda
Eng.) peel o0il®] 233 HEE AF% Ao 23, 24 F orange
peelolA] aliphatic aldehyde 2483 4t47} ZAYE  monoterpene,
sesquiterpene’dsE8 wE7l AMAEBLl o wolcriz oo,
linalool®} linalyl acetate(®}A] 0.3~3,2%) —12]2 1limonene(92~95%)
dyeo 2aMFo) W qQleictz 3¢ TH(Boelens} Jimenez, 1989).
8|3 Fig. 132 GC-MSo 2l%F ZI=2A-H¢4 total ion chromatogramo]

th.
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Fig. 13. Total ion chromatogram of essential oils from citrus peel

by GC-MS
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3. duERYES W ET-RY

B3E3 d-limonene?] W F4-54E WolEr] 3] ¥4 190-820nm
H#olA  scanningdtgich BH AciEs AL 322m(Fig. 14),
d-limonene 306nm(Fig. 15)o]%l.2m, 300nm F-ZojlA ghA3gHEo] &
FYUTH= Willard(1981)2] Rel wasf] & o AIE/E F2 @il
4 HUFE olFoj3 FAH FAUE ¢ 4 dlch

4. HBERYES A7 WY

A2Z3/Y AT # 9L 28224 Q Escherichia coli 87498} 1%t
¥ Ql Staphylococcus aureus 653870l ti3|A] paper disc®] o & FA
stglch.  Fig. 162 paper discie] &% A2 PR K JAY=E
Lvebd R, BF-A 2] paper disc(b) Fo] FREY FKARHo] L}
eisteh, 222 ZEARE SR MM F2¥ ARE ARt
FRAE &2 i YFHEE FHY A, BF YHE& vEl
W3 1202 FEAES BE¥Eol 718 wter, E colio] B} EH
olglthFig. 17). =Y AXAIVIY S8 FY YI¥EYE dotr7] #3}
of 8, 9, 10¥e] T3] F&Y AW AR YFUYE FFA
=l A7PE2 2 ol & KolA| AstrHFig. 18).

#2338/ YAEE RFE A"AstL Bl ZHIA YIEEe 2
A8l7] st AlHE HMujd& AM83HATL E colig) S, aureus BF
137t HIPle A2 B&o] A= ArHFig. 198} Fig. 20).
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Fig. 14. UV absorption spectrum of essential oils from citrus peel
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Fig. 15. UV absorption spectrum of d-limonene from citrus peel
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Escherichia coli 8749

Staphylococcus aureus 6538

Fig. 16, Growth inhibition of citrus essential oils against
Escherichia coli 8749 and Staphylococcus aureus 6538, ai distillation

water, b: oil
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Fig. 17. Effect of distillation time on antibacterial activity of
essential oils from citrus peel.
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Fig. 18, Antibacterial activity of essential oils from citrus peel
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Fig. 19. Antibacterial activity of citrus peel oils against
Escherichia coli 8749
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Fig. 20. Antibacterial activity of citrus peel oils against
Staphylococcus aureus 6538



5. dFEHRYEY YT WY

#E ARAEF Y Fa 4dF 830 oM AFPRPYEY ¥R
T B4 FAd=ul, FEERe EE ol i BSAAAE
Lleluit}t. 53] Colletotrichum sp,, Cladosporum sp, 1|3l Fusarium
sp. ol theid ¥ dol w3t enl, Rhizopus sp. ol th3fixE 713
gdo] Wsiri(Table 98} Fig. 21). Akgul3} Kivanc(1989)& #HIBF
5 o8 E-F2 essential oils®] 3FAUF AR A3} Rhizopus sp.
& ool 7% uel Zeidon watel wet Qe YEWHol
st Barsiglr.

Jzlz #A2A R FEK JAPSE Kol PHB] 2AE] HE AA
s (Table 10)3t SLAWRFY (Fig.22~29)& ol@sigitvl, <JAuje}
dolM AIRRE FEWE A5t uwl,  Alternaria citri,
Colletotrichum sp., Fusarium sp,, Phomopsis citrid-& 1% ¥7}7-of
X|, Botrytis cinerea, Cladosporum sp,, Rhizopus sp. o8& 2% M7}3o]
M, Penicilliun italicun 3-& 4% AIFolN 242 B5o] Y8 4
Hgct P oitalicunt] ciyt ZAEE R HAE= chE ol HlSe] T}
& w2 2oz Uikt ol#{ BIe paper discioll ¥ IR o
ARz} vyt FEolalrt.

ER AN o] EF R BE Fo cist YH@E& Vel
gow, AAIE= T B&{2I|0] FEHAA Ysisith FREES
Aelols B3t BE FRY FF7F 4R3I, ujdrIte] Bl o
gt 239 27171 S AL FARAEE FRY HUELR Ay, a@
ol &M= wiEelzta 424t



Bullerman &(1977)¢l &]8}H clove oils& Aspergillus parasiticus
ol oigt A&gA TaAE Ueshisd ¥ 2dsEde xole 4R
gt wjoFAIto] 4-6F Ffytel wiel F& B8] AAF e FIFL iR
T2 LUFIT ol FAZ A= 2|7} GA Mok B syt

Al aMujerr] BR Hrbesxel whE S AAF & Fig. 309
UElgledl w271 wotdlel wel A& 8A3 dAHS & 4 3l

t}.

Table 9. Inhibition of fungal growth by citrus essential oils

— : Diameter (mm) of
st microorgan growth inhibition zone

Alternaria citri 20.1"
Botrytis cinerea 16,0
Cladosporum sp. 21.3
Colletotrichum sp, 25.2
Fusarium sp, 24.4
Penicillium italicum 17.9
Phomopsis citri 18.1
Rhizopus sp. 11,0

1) Diameter of zones showing no growth surrounding 5 mm discs

saturated with citrus essential oils
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Fig. 21. Inhibition of fungal growth by citrus essential oils, a

distillation water, b; oil
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Table 10, Effects of various concentrations of citrus essential

oils on growth of fungi in liquid culture

Concentration of essential oil(v/v,%)

Test microorganism

0 1.0 2.0 4,0 6.0
Alternaria citri e - - - -
Botrytis cinerea 4 + - - -
Cladosporum sp, T + - - -
Colletotrichum sp. ++ - - - -
Fusarium sp, et - - - -
Penicillium italicum  +++ +4+ + - -
Phomopsis citri e - - - -
Rhizopus sp., e + - - -

# +++ ! good growth, ++ ! moderate growth, + : weak growth,
- ! no growth
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Fig. 22. Antifungal activity of citrus essential oils against

Alternaria citri
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Fig, 23. Antifungal activity of citrus essential oils against

Botrytis cinerea
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Fig. 24. Antifungal activity of citrus essential oils against
Cladosporum sp.
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Fig. 25. Antifungal activity of citrus essential oils against
Colletotrichum sp,
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Fig. 26. Antifungal activity of citrus essential oils against

Fusarjum sp,
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Fig. 27. Antifungal activity of citrus essential oils against

Penicillium italicum
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Fig. 28. Antifungal activity of citrus essential oils against

Phomopsis citri
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Fig. 29. Antifungal activity of citrus essential oils against
Rhizopus sp,
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Fig. 30. Concentration-dependent antimicrobial activity of citrus o
ils against fungi, a: control, b 254, ¢ 50w, di 10048/5mé medium, A:
Alternaria citri, B: Botrytis citerea, C. Cladosporum sp,, D: (olletotrichum sp.,

E. Fusarium sp., F: Penicillium italicum, Gi Phomopsis citri, H:Rhizopus sp.
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AFELd AR FA/E RS B A9 S giHo
s AR +& 4 FEREL FYsAch

12 AZAZE 249 FAE 74 4.67mE HTjA]E Ho|i o|F
A2} il BG718 FAE 2m HAHR, A& of 17%(w/w)o| Ach

Y, A2 3¢ uiEdE ol &dte 23U Yy
e, AfF F&stL, ZF PYd o +&& YL A2, FFYE o
£0E& doll 1.14%(ww)2 1% waton, AR uFS 0.8409~
0.85300]4ich. 2ela BAREYEE BMY A A&E 4L & 51~107
AL F 5332 4&o] Bt 22 F£8 4¥<Q d-limonene
U2 47.6~68.6%(area) 2 F2| Wiol el tia 2ol7t ey 7t
ol wA eiytct

3 A&7 whE R $&2 0¥l T wUIL, o)F 4
&= FYE By, & A3 FH JE2R 1%(ww) o)Ay £
£& fASAT. 54Y ¥R BEZAHE d-linonene(4d. 5~68, 7%)&
X%t 31F9 hydrocarboneft7} 75.48~92 848 A}x|3}3, 9&2]
alcohol¥t, 6F2] aldehyde®, 2F2] esterfF, 5% acidf 3B o|
2z} 2.4~5.33%, 0.22~1,35%, 0.38~0.9%, 1.49~7.31%8 x}x|s}4icl,
g3 8 HR[FYELEE d-limonene ©]&le]l y-terpinene, A
-elemene, farnesene, hexadecanoic acid, «-pinene, A -myrcene 1@
3L linaloolo] 242} 7.75, 2.96, 2,29, 1,76, 1,63, 1.56, 1,46%% 3%-§
Hol gldirth. 4§ ol& FRAEE UL 2ol H&¥e] wal X F
ZhstAU RS B ARAZIEE Ao]7} Aglch
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288 UAWHL 238 M, Escherichia coli 87493
Staphylococcus aureus 6538 1v|3l 8%% AlAMAF, Alternaria citri,
Botrytis cinerea, Cladosporum sp., Colletotrichum gloeosporioides,
Fusarium sp,, Penicillium italicum, Phomopsis citri “12|3l Rhizopus sp.
of chslel RApstgct AFPRY BFEEE A LAY
o2 ARY A, AFZ 1%(vv) F€, A2 1~4%(v/v) FEAA
A&o) A gAFEgct AFERHE BE FAETY S A
uiel 83 VAYHAHEM S 7He/dol Zlviget.
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