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Effects against Botrytis cinerea
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Abstract: Citrus essential oils were separately extracted from the peel of the Wenzhou extra-early-maturing mandarin orange by steam
distillation and organic solvent extraction. Components of the orange peel essential oils were analyzed by gas chromatography-mass
spectrometry (GC-MS). The antifungal performance of the steam-distilled and solvent-extracted essential oils against Botrytis cinerea isolated
from diseased strawberry fruits collected from orchards around Fuzhou city was investigated. The results indicated that a total of 39 components
were identified in the steam-distilled essential oils: six aldehydes, 20 terpenes, nine alcohols, two esters, one ketone, and one organic acid; 25
components were identified in the solvent-extracted essential oils: 20 terpenes, three alcohols, and two alkanes. Limonene showed the highest
contents in both essential oils, with contents of 82.37% and 85.25% in the steam-distilled and solvent-extracted essential oils, respectively,
followed by y-terpinene (7.78% and 6.08%, respectively), f-myrcene (2.56% and 2.06%, respectively), and a-pinene (1.35% and 1.04%,
respectively). The minimum inhibitory volume fractions of the steam-distilled and solvent-extracted essential oils against B. cinerea were 2.5%
and 5%, respectively. Results of an in vitro antifungal experiment showed that the essential oils induced cell death by suppressing the growth of
B. cinerea hyphae and reducing the mycelial biomass, spore germination rate, and cell permeability of B. cinerea. An antifungal activity
experiment performed using strawberries further demonstrated that the citrus essential oils inhibited the growth of B. cinerea on strawberry fruits
and delayed fruit decay; the steam-distilled essential oils exhibited better antifungal effects than the solvent-extracted essential oils.
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Fig.1 Total ion chromatogram of citrus essential oil
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Table 1 Chemical constituents of citrus essential oils

o WIRTEFT ARG B LA AE I 2207, I RER:
TS BUTE R A R T R A R TT S AN R M3 Ao

) ) . . L AEE%
%5 ERE/ming ARG IERURI P XL EXL ¥
SD EM
1 4.94 814 2-CbnEE trans-2-hexenal Ce¢H; O 0.03 -
2 7.06 902 a-fAakE a-thujene CioHyg 028  0.17
3 7.22 948 -k M o-pinene CioHyg 1.35 1.04
4 8.22 969 o-IK s a-phellandrene CioHjg 0.18 -
5 8.28 943 B-Tk [f-pinene CioHye 0.57 -
6 8.67 958 B-ArEHs B-myrcene CioHyg 256 206
7 8.93 958 a-F ¥ a-ocimene CiH;s  0.16 -
8 9.22 998 AR b o-terpinene CioHys 0.23 0.38
9 9.74 1018 AT limonene CiH;s 8237 8525
10 9.92 976 B-F #hkis (Z)-p-ocimene CioHyg 0.16 0.13
11 10.15 998 y-i y-terpinene CioHys 7.78  6.08
12 10.34 1059 FEE 1-octanol CgH;sO  0.02 -
13 10.65 1052 FHAN b terpinolene CioHyg 048  0.53
14 10.87 1082 B linalool CoH1z0  0.57 -
15 10.93 1104 SIS nonanal CoH ;50 0.04 -
16 11.24 1140 i;\g)zii%‘fi (+)-p-mentha-2,8-dien-1-ol  C;jH; O  0.02 -
17 11.78 1125 Fmk citronellal CHO 006 -
18 1221 1137 4-FE MR terpinen-4-ol CiHiO 013 0.06
19 1243 1143 a-% SuBE alpha-terpineol CoHO 026 078
20 12.63 1204 REE decanal CioH;00  0.18 -
21 12.88 1206 (IR,5S)-rel- &7+ B (-)-cis-carveol CioHO  0.02 -
22 13.00 1179 5B citronellol CioHx0  0.08 -
23 13.72 1207 S dl-perillaldehyde CioHisO  0.10 -
24 14.63 1377 O-BLA M (+/-)-0-elemene CisHyy 021 -
25 14.78 1302 LERA-F B dl-citronellol acetate CpH»O, 0.03 -
26 14.93 1352 EAETES neryl acetate CpHpO, 006 -
27 15.18 1221 (-)-Alpha-Jx 5 o-copaene CisHyy 0.16 0.10
28 15.28 1398 P-HLEHe beta-elemene CisHyy 0.57  0.08
29 15.52 1402 +—mt lauryl aldehyde CpHuO 002 -
30 15.78 1494 B A K f-caryophyllene CisHyy 0.06  0.04
31 1591 1431 KAt b (1E,4E)-germacrene B CisHyy 0.07 -
32 16.23 1579 a-T Mt a-caryophyllene CisHyy 009 0.03
33 16.57 1339 G JB-cubebene CysHas 0.14 -
4 67 L4 (4R,5R)-5-TH-4-FH  (4R,5R)-5-hexyldihydro oty 003 )
—Arkrh-2(3H)-5 -4-methyl-2(3H)-furanone
35 16.80 1458 AR (E,E)-a-farnesene CysHos 06 048
36 17.06 1469 A-rEAnbi (+)-delta-cadinene CsHay 0.13  0.16
37 17.38 1522 MABE elemol CisHsO  0.02 -
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41 9.38 1042 P-4=7t )2 P-cymene CioHis - 0.17
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43 16.15 1419 (-)-FEHIANH (-)-isoledene CisHay - 003
44 16.48 1502 P T H y-selinene CysHy - 043
45 16.64 1469 I T f-selinene CysHy - 02
46 16.87 1440 PALAN p-cadinene CisHay - 0.04
47 17.24 1419 (-)-alpha-& &M (-)-alpha-gurjunene  C;sHayy - 0.03
48 18.39 1626 Aert i B y-eudesmol CsHyO 0.10
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Fig.2 Inhibition rate citrus essential oil against pathogenic
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Fig.4 Effect of citrus essential oil on the germination rate of
Botrytis cinerea spores (n=3)
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Table 2 MIVF of citrus essential oil against Botrytis cinerea
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pathogenic bacteria (n=3)
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Fig.7 Antibacterial experiment of essential oil on Botrytis cinerea in vivo
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