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Chemical composition and antifungal activity of essential
oil from Citrus maxima against Botrytis cinerea
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Abstract : In order to explore the possibility of essential oil from Citrus maxima used to control diseases of postharvest, essen-
tial oil was extracted from Citrus maxima peel through hydro-distillation. The antifungal activity of the essential oil against
Botrytis cinerea was determined by the poison food technique and the volatile activity assay. The results showed that yield of
the essential oil was about 0.32% (w/w) for 10 h extraction and density of the essential oil was 0.66 g/cm’. Eight different
compositions in the essential oil were identified by using GC-MS. The major components in the essential oil detected were lim-
onene , myrcene and nootkatone , respectively. Comparing with the poison food technique the essential oil and its two main con-
stituents, limonene and myrcene ,showed better antifungal activity against B. cinerea in volatile activity. Antifungal activity of
limonene was significant higher than the essential oil andmyrcenedid at same concentration. It is necessary to explore the pos-
sibility of Citrus maxima peel essential oil used in practice of postharvest disease control because of its significant antifungal
activity.

Key words : Citrus maxima peel ;essential oil ; chemical composition ;antifungal activity ; Botrytis cinerea
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i ( Citrus maxima ) J2& 2 7 PG J& 7+ AR Y 2R
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SR LTS A (Agilent 7890B H. FID A5l #%, 58
Agilent 23 ) 5 SAH 8, 335- 57 7% 15 H] X ( Agilent
7890A/5975 , 2 [E Agilent /A ] ) ; HP-5MS f1 3 £ 41
EHE(30 m x0.25 mm x0.25 pum, 3 E J&W Scien-
tific N a]) ; 207 R (AL-104 B 35+ Mettler
Toledo {Y#5A PR F] ) 5 Jid % 7% & 4L ( Buchi R-114,
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U 83 25 AR B R 4% 0l B SC E A 3 IR,
WcHE 3 R R 25 R TR IR

WERR R U B2 #8 & 1.0 mL T T i BR &
AR (K7 2 0. 001 g) , TH A L IMA % E (g/
cm3) o
2.2 WMEELZBLFERSH GC-FID 54

a3 AE . HP-SMS A3 B4 4 (30 m x 0. 25
mm x0. 25 wm, 3 [E J&W Scientific /A ) ) ; #4454 IR
FE . W 40 °C,{£4% 2 min, L 5 °C/min F+ & 250
C, P56 min; JEEE TR :230 °C 5 #6043 76 260
CHEA M E AR (Lh)E 99.999% ), i & 1. 0
mL/min; RS &R (4l 99.9% ) , i i 60 mL/
min; BIBRSCN oK 25 A, i i 1400 mL/min; HEFE )
T 10: 1 JFFEE 1.0 pl, A 1.0 mg/mL( 3%
FIMIEC8E) o
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PL5 °C/min F}Z 250 °C, {#4+F 6 min; dEEE 1 IE .
230 °C; 3N A S (4 99.999% ) , it 1.0
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mg/mL ORI HIEC kL) o
2.3.2 gL

EI & 75, BB e .70 eV, L H . 50 ~
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min,
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Table 1 Yield of the essential oil from peel of

C. maxima with different extraction time

PRI TR] (GES
Extraction time( h) Yield( % ,w/w)
6 0.12 +0.02
8 0.17 +0.02
10 0.32 +0.02
12 0.33 +0.02

TE A = PRz

Note; Values are mean + standard deviation (n=3).
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Fig. 1 Total ion chromatogram of

essential oil from C. maxima peel
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Fig.2 Mass spectra of main chemical compositions in essential oil from C. maxima peel.
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Table 2 Main fragment ions of main chemical compositions in essential oil from C. maxima peel

53 o] FEESET
Peak No. Compound Main fragment ion[ m/z (% ) ]
. 93 (99.9);92 (28.8);77 (21.6);91 (21.5);79 (15.2) ;41 (13.2)3;39 (10.8);121(9.0) ;94 (8.7) ;27
1 3-Methyl-apopinene (7.3)
. 93 (99.9);41(50.8);69(39.6);79(21.2)3;39(20.3);77(19.6) ;27 (17.8);91 (16.8);94 (13.4);80
2 a-Pinene
(11.0)
41 (99.9);93 (85.5);69 (79.6) ;39 (29.9) ;27 (28.0) ;53 (14.1) ;79 (13.8);77 (11.0) ;67 (11.0) ;91
3 Myrcene
(9.5)
. 68 (99.9) ;67 (63.7);93 (60.3);39 (57.8) ;41 (46.3) ;53 (41.4);79 (40.7) ;27 (39.7) ;94 (27.8) ;77
4 Limonene

(26.1)
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2:5% 2 ( Continued Tab. 2)

U5 (atgy] FEERET
Peak No. Compound Main fragment ion[ m/z (% ) ]
a-Methyl-a-[ 4-methyl-3- 59 (99.9) ;94 (60.3) ;43 (52.7) ;111 (39.8) 393 (38.5);55 (36.2);68 (31.8); 67 (25.8);41 (25.
pentenyl ] oxiranemethanol 6) ;81 (19.6)
. . 59 (99.9) ;43 (66.4) ;55 (30.2) ;94 (28.3);68 (26.9);41 (26.2) ;111 (22.6); 93 (21.5);67 (19.
6 Linalool oxide
2);81 (16.3)
43 (99.9) ;41 (62.3):69 (45.2):81 (43.5) ;100 (41.2) ;55 (35.4):95 (34.2):67 (33.3);107 (30.6) ;
7 Globulol
93 (30.0)
g Neutlat 147 (99.9) ;121 (77.4) ;146 (73.5):161 (69.9) ;41 (68.4) ;133 (64.5):200 (64.2) ;203 (59.7) ;175
eotiatone (56.7) 379 (54.8)
xR3 HMEELZHNEIENERS
Table 3 Main chemical compositions of essential oil from C. maxima peel
LR B s i) " FH X
i & " R B 5 X e
g Relative amount
Peak No. Compound . RI
(min) (%)
1 3-Methyl-apopinene 9.11 948 0.23
2 o-Pinene 10. 44 987 1.16
3 Myrcene 10.91 995 14.64
4 Limonene 12.08 1048 73.68
5 a-Methyl-a-[ 4-methyl-3-pentenyl ] oxiranemethanol 13.46 1078 2.12
6 Linalool oxide 13.95 1086 1.16
7 Globulol 29.06 1569 0.87
8 Nootkatone 32.24 1783 5.94
F4 EMEAREEMEEL B KEEAENEMIEEE
Table 4  Antifungal activity of essential oil from C. maxima peel against B. cinerea with different contact times
W B 22 4 KA 3 Mycelial growth inhibition (% )
Concentration
(pg/mL) 1K 2 K 3K 4K 5K 6 K
62.5 0.00 +0.00* 12.04 £5.71" 2.51 £2.20° 1.15 +1.99¢ 0.43 £0.00* 1.05 £0.61%
125 1.52 £2.62° 23.74 +5.88" 11.80 +3.94" 4.46 £3. 12 1.57 £1.30° 1.16 £0. 19
250 0.00 +0.00° 21.45 +4.89" 14.93 +3. 14" 5.63+2.82% 2.71 £1.48° 1.63 +0.87*
500 4.62 £4.55° 40.23 +4.49°¢ 21.17 £1.02¢ 10.35 +1.56" 8.86 +1.29" 5.59 £0.92"
1 000 4.62 £4.55* 58.57 +13.44¢ 35.48 +7.424 22.98 £8.54°¢ 20.02 £5.30° 13.40 £0.57¢
2 000 3.10 £2.69* 80.74 +2.24° 55.34 £1.57° 37.74 +1.92¢ 30.89 +0.96! 29.02 +0.74¢
CK 0.00* 0.00° 0.00* 0.00* 0.00* 0.00*

T W22 RN R EUEZ G + b 2e (SRR s RSFETR R F AR 2 S-N-K K3 AE P = 0.05 K LR,

Note ; Values are mean + standard deviation (n =3) ;Means in the same column followed by the different letter were significant different according to S-

N-K test at P = 0.05.
3.3 MEELZHOIEEYE
3.3.1  Ab AR 4R AR T S

FEA I AN () s T A Bz 47 2 T 0T 0 i e 98 0 1) 42
Fl BRI MR S IR ZE AL, nER 4 PR

TR AR, il e 45 T Vil XoF K ) A AR TR Y 42
it 00 TR M 5 A BRI R B IE ARG R 2 RIE S

AP AR O, 25 R L3R 4. BV R 76 Al Bz #4 J% il
XoF R ) g L AT 114 42 il 400 DR PR AT, T PR B R (E R
BRI EE 2 K1 2 000 pe/mL ZhFE i 22 4 K 1
P 2R 80. 74% , Ho A4y Ab PR IE PRI T 60%
FERNEE 4 KI5 250 pg/mL K LT A 3800 410 18 37 P
H2s (XA ILTE P <0.05 /KE F L REXER
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Table 5 Antifungal activity of essential oil vapour from C. maxima peel against B. cinerea with different exposure times

ZANE TSRS AR, R S Fis .

e B 224 K % Mycelial growth inhibition (% )
Concentration

(pg/mL) IIFN 2K 3K 4 xR 5K 6K
62.5 24.89 +7.98" 11.15 £3.53% 3.64 +1.19% 3.29 +1.37° 7.83+1.97" 1.29 £0.86"
125 32.42 +11.58" 16.44 +4.97" 8.89 +3.66" 4.49 +1.57° 5.68 +2.10" 6.28 +1.28"
250 75.96 +3.05° 46.41 +5.33¢ 29.54 £3.56° 19.17 +2.68" 16.36 +1.48¢ 9.68 +2.79"
500 91.81 +1.16¢ 67.57 +5.69¢ 45.72 +6.58¢ 34.74 +4.25° 29.36 +3.88¢ 22.52 £2.70°
1 000 100 0. 00" 97.64 +2.73° 85.83 +3.06° 72.47 +3. 491 62.34 +3.38° 49.46 £3.15¢
2 000 100 0. 00" 100 +0. 00° 100. 00 =0.00° 100.00 £0. 00° 100. 00 £0. 00" 100.00 £0.00°
CK 0. 00* 0. 00* 0.00* 0.00° 0.00° 0.00°

TE 22 R AN R BB 2 5 £ Arii2e (ZUGRAD) ; RISFSEE T EEAR R FR 4 S-N-K 8 1E P =0.05 KF B2 BE, TR,

Note: Values are mean * standard deviation (n =3) ;Means in the same column followed by the different letter were significant different according to S-

N-K test at P = 0.05. The same as below.

I A SRR T, il Bz 42 i e 4 e At TR ) SR
ZERANERITG P Ak BEGR) R BB AR O, $ERNER 2 K5
I IR] B G G, 45 5 L35 50 BVACR B Y M e 4% &
TR EEAEAR T 500 g/ mL IR TR 1E PEAN S Y, XS T
22 A R AR 4 B T 50% , {2 1 000 wg/
mb S LA e 5 Ak B0 2 B A B e ) 40 R 1 2
000 pug/mlL &b FEAEHER 5 AN [ I 1] X0 B 22 A= 1< A
22474 100.00% , 5 HE 440 FEFE P <0.05 7K
R RE.

3.4 WMEEZBRFEERELESOIEENE

e 7 2 T v AR T A R A B S
Frights (73. 68% ) F A4 (14. 64% ) , >y WA 3X R
Fb B D RIS P, R AT TR AR A R X
RS 25 L TRT P A TR 2 0 B 2 3 M A
3.4.1  ApAR M 64 H kA E T

FEA I AN TR) s T Ay A J X 0 4] 285 0 TR 7o 422 f 1)
PR SC I A5 3L, 3k 6 R .

RO FEMF R E Y AT X IR A AR A B A

Table 6  Antifungal activity of limonene against B. cinerea with different contact times

)3 T 22 4= K3k 22 Mycelial growth inhibition (% )
Concentration

(pg/mL) 1R 2K 3R 4% 5K 6 %
62.5 0.00 +0.00* 3.37 +£3.33" 4.21 +3.30° 0.00 +0. 00* 0.71 +1.23% 0.23 +0.40°
125 1.52 £2.62° 8.52 +5.94* 11.80 +3.94" 0.97 +1.22° 1.28 +1.48% 2.79 £2.10"
250 0.00 +0.00* 25.14 £10.15> 14.93 £3. 14" 3.89 +2.13° 2.14 +1.54% 2.90 +2.02%
500 4.62 £4.55° 28.59 +4.60" 17.51 £1.99hc 7.63 +1.55" 6.15 £4.35" 4.77 £0.98"
1 000 4.62 +4.55° 37.07 £5.51" 22.07 +£2.73° 10.78 +1.45" 8.43 +2.53° 5.1320.41"
2 000 3.10 £2.69° 54.11 £6.48° 41.18 +3.63¢ 31.25 +4.20° 25.76 £2.71¢ 23.54 +1.02°
CK 0.00° 0.00° 0.00° 0.00° 0.00° 0.00°

TR 285 HL SR W, A I X < A 46 70 T 79 22 fh 41
AL S5 A B A DG, R EE 2 R SR
BUAAARDCE , 25 3 W3R 6, SR B Fr A6 s Xof i A %
0L TRT P22 k00 TR PR AT 355 P e v ) S 4 D IS 56
2 K2 000 wg/mL Ab P FGE B 22 A= K B 40 ) >R
WAL 54. 11% , Ho 4% 45 4b B 0 5 06 344K T
50% . 125 pg/ml S DL b B S0 TR 15 PR 5 2 Rk

WAL, 7E P <0.05 K Cil EL R,
3.4.2 A7 EAIPH ER

FEA 5 AN () s T A s %o R o) 2 0 T 7 B 741
PGS EE I, ik 7 PR,

TRUGAS AR, A A M X R A 7 700 0 1) B 25 41
DA M 5 A B B OE AR DG, B2 RS 2 KR S R
BUGAR G, Z5 5 DL R T AR B Y A G I Tk B A
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Table 7 Antifungal activity of limonenevapour against B. cinerea with different exposure times
e B 224 K % Mycelial growth inhibition (% )
Concentration
(ug/mL) IIPN 2R 3K 4K 5K 6K

62.5 61.20 £2.29" 17.41 £8.12" 9.97 +4.90" 4.70 +3.10* 2.16 1.90* 0.4120.71°

125 70.71 +4. 86° 28.87 +5.92° 20.77 +5.74° 13.81 +4.83" 8.90 +4.18" 3.30 +4.67°

250 87.69 +1.96 45.80 +4.449 29.63 £2.92¢ 23.05 +4.90° 14.21 +3.92° 8.51 +2.53"

500 96.55 +0. 12° 85.57 +5.28° 59.04 +6.81° 45.85 £6.31¢ 34.22 +4.18° 25.53 £3.02°

1 000 100.00 +0.00° 100. 00 +0. 00" 97.41 =1.90° 85.63 £4.31° 71.54 +5.18¢ 60.57 +4.84¢

2 000 100. 00 0. 00° 100.00 £0.00"  100.00 +0. 00" 100. 00 =0.00' 100. 00 0.00° 100.00 £0.00°

CK 0.00° 0.00° 0.00° 0.00° 0.00° 0.00°

fIET 500 pwg/mL B 4107 T35 M SRR , %o 7R 22 A K i 41
WK ZAET 50% . 1 000 pg/mL K DL -9 8 4k

PG I fh A0 S 2 T Ao A [ Ak B85 06 06 9 i
TR 22 4 R AT T T P 8 A L 0 g T M Ak R Y

D) LR A Y S BRI 14,2 000 wg/mL ZEFRAERE MG E.
FoftJ AN [ B T8] B B 22 A= A il R 2 0 100. 00% . 3.4.3 A AN 69 4 ik dp 18 71

AR I E S S 2 A X IRAH L, 7E P <0.05 /K
R R,

AR T A 4 R T FE R I A [ Ak [ )42 f o
BRI PESEER A AL, Ik 8 TR

x8 HEMEAEREAEENKEEAENZEMIDEEE

Table 8  Antifungal activity of myrcene against B. cinerea with different contact times

W B 2274 K331 % Mycelial growth inhibition (% )
Concentration
(pg/mL) 1R 2K 3K 4K 5% 6K

62.5 1.93 +2.51° 13.15 +7.40™ 3.23+3.26" 4.50 £3.97" 1.80 +1.53" 1.78 +2.46%
125 0.00 +0. 00 11.67 £12.22"  3.87 £5.79" 2.60 £4.50° 2.22 £3.42° 1.63 £2.82%
250 0.00 +0.00" 26.02 +5.43" 11.41 £2.42"¢ 7.31 £1.45" 0.66 +0.76" 1.02 £1.76%
500 3.51 £2.16° 28.98 +8.35" 14.95 +2.82° 8.52+4.70" 1.59 +2.33" 2.27 +0.75%
1000 2.54 +2.40" 48.80 +12.25°  25.19 £8.49d 14.18 £6.40"c 4.44 £6.85" 4.28 +2.83h
2 000 2.56 £1.96" 51.02+11.92°  30.62 +4.40d 18.91 £3. 12° 8.46 +1.77° 6.06 +0.05"
CK 0.00° 0.00* 0.00° 0.00° 0.00* 0. 00"

TREGAE SR, F A X ) 7 6 T 114 4 Ak 1
PRI PR 55 A B B ARG MR 2 K m S [E]
IAAAHSG o AR TR, AR X i A 2 60 1T Y 4% ik
WERTE PELL AR, 2 000 pg/mL Ab3H 2 KB Y BT 22
A RAM R AL AL 51. 02% , FiAw Ak B4 R 2

TR . T o3 Kb PR A4 40 TR RUCR 5 25 1 %) R AR
o, 7E P <0.05 7K B0 525
3.4.4 ARy T AW E MR

AR T A 253 A T B I AN [ ek [ ) S 2410
R PESCIR AR, ik 9 s,

x9 BEMEAEMNEAEENKEERENERNEEE

Table 9  Antifungal activity of myrcenevapour against B. cinerea with different exposure times

1333 Bl 22 KA ] %6 Mycelial growth inhibition (% )
Concentration
(pg/mL) [IFS 2K 3R 4 K 5K 6 K
62.5 36.90 +10.24" 11.71 £5.34" 8.38 +3.10" 4.97 +3.49" 2.88%2.59% 2.28 +1.28%
125 42.07 +12.54" 18.66 +2.57¢ 13.16 +4.01" 9.12 +1.34¢ 5.30%2.30" 2.90%0.35"
250 53.97 £2.62° 33.13 +3.70¢ 21.97 +3.98¢ 15.60 +1.19¢ 9.63%1.43¢ 4.98*0.63"
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%245 9( Continued Tab.9)
Wz T 22 K30 2 Mycelial growth inhibition (% )
Concentration
(pg/mL) IFS 2K 3K 4K 5K 6K
500 82.43 +5.09¢ 53.02 £2.93¢ 36.01 +1.66" 27.32 £3.46° 19.50 £3.19¢ 13.583.10°
1 000 100.00 +0.00° 64.45 £2.30 50.38 £2.51° 38.23 £0.99' 26.98 £2.00° 20.75*0. 451
2 000 100.00 +0.00° 100. 00 = 0. 00# 88.84 +1.47" 80.00 +1.238 70.11 £1.35° 60.79 *0. 69°
CK 0.00* 0.00* 0.00* 0.00* 0.00° 0.00°

TRIG A R AR I, A0 0] 0 e 4 76 T 1) Sz 1)
PTG P 55 A PR 1 J A E A G, R 26 2 K5 5 I [
BCAARDG . BV H RIS EETE 1 000 pg/mL
DA I TR PR, %o T 22 A4 K R 3 i R R 21K
F50% ,62.5 5 125 pg/mL WAL ZE P <0. 05
AP L To 25 (AW 2 000 pg/mL % 4b 3
W02 B H AT R O T 1
4 Zig

A BT 45 R M A — S th 25
FERNMEAC RO N B AR R P 2 2k
Bs2e \BERANTT ALB W R A % R I A B S )
1R £ Bl ( monoterpene ) FIf35 21 ( sesquiterpene ) 24
A WAERLY) 50 B 0 AR D, B BRI AR )

[CELZRSUTIES

rcelial growth inhibition(%)
o
3

My
nN
8

2

Z

e EE A AR DR, Horh A i A& W ZE ik R
B R S B0 AR ) ) T B BTN

LA 05 I O )42 e R 5, 2 I R U SR
e i T B U A, A AR 4 R i it AT R
KA B, T P Ak s G AR 2 AT
Nengguo 252 Ak 2575 Rl A7 BE AR 1) (45 2 S RE I
FLUE IR G HY R 5 F o Nengguo 55 i BIF 5T 45 2R 3%
B A AR 4 A it oxod 7K R 1) S B0 L T R
B ( Penicillium italicum ) F148 4R &H % W ( P. digita-
mm) B B E RN AN a5 SRR, Al
AR SRR R S T B SO L T KA 2 TR B Y T 22
ALK EBA YR AIETE Y. M SATE R SR
W), A EE R ENIIE T Nengguo Tao 45 [

500 pg/mL 1000 pg/mL 2000 pg/mL

B3 MEEFELHEEFEZEAZRAMNKAEHAELES 6 RNEZNEXRTEE
Fig. 3 Antifungal activity of essential oil and its chemical compositions vapour against B. cinerea after 6 days exposure

T A-Ml R A 0 s B-FT A ; C- H A4 o Note: A-Essential oil from C. maxima peel ; B-Limonene ; C-Myrcene.

ABFFTEAT KR W], Tl Bz 4 A p 3 Ay 8 >
P i, He v i d i AR AR T I, Al B 4%
SRR (R VBRSO 8 2 5 T A R o Al B A%
S AT 1000 pg/mlL Kb B H A BT
1,2 000 pg/mL Ak HAE $2 0 5 AN [ 5[] fr) B 22
A KA FE A 100. 00% , 100 B 1 AR 0 30 )
SRS A AR o DRI, AT I A A A A K
PRl LSl S 11 R o S D N

FIAAESS 1 000 pg/mL HEFS 6 A 2 9t 54 Y
MRS, W 3 FR.

FATR] A7 300 T 6 A 43 R P A 5 o) TR 2 A
2 fit Ak B i T, A (7 Ak L5 TR )41 R 9
AT RESAT R ZE S AT T I 45 RAB ] 1 30l
PR A B A% A A R 55500 12 o A SR A B
HIAFL TR, HAM RS PRI AR 2% 57, B2 A Y
VR TGP 2 v T A A LA A T A T
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Fig. 4 Antifungal activity of essential oil with
different treatment methods against

B. cinereaafter 6 days exposure (1 000 pg/mL)
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