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Evaluation of the acaricidal activity of the main components of a

citrus extract
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Abstract [Objectives] The acaricidal activity of the main components of a citrus extract was evaluated in order to develop
a novel botanical acaricide. [Methods] Volatile components of the peel and seeds of citrus variety Beibei 447 were extracted
with either ethanol, acetone, ethyl acetate, or petroleum ether, and the acaricidal activity of the 4 kinds of extracts evaluated.
The main chemical ingredients of the ethanol and ethyl acetate extracts were analyzed using GC-MS. The active ingredient of
the four kinds of extracts were determined by the contact acaricidal activity of the different components. [Results] Ethanol
extract had the strongest acaricidal activity of the compounds tested in the slide impregnation bioassay method, followed by
peel extract. The extract from seeds had the lowest acaricidal activity. 35 compounds, which comprise more than 85% of the
total content, were present in either ethanol, or ethyl acetate, extracts. These extracts mainly contained limonene, citral,
4-Carvomenthenol and linalool. The acaricidal activity of limonene was higher than that of citral, B-pinene, 4-Carvomenthenol
and linalool. [Conclusion] The main acaricidal components of citrus extracts were limonene, citral, 4-Carvomenthenol,

linalool and B-pinene. The development and utilization of citrus extracts, and the creation of a novel botanical acaricide

containing limonene as the main ingredient, has great potential.
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Table 1 The extraction rate and acaricidal activity of extracts from four different
solvents of citrus by ultrasonic treatment

Corrected mortality (%)
% Peel extract % Seed extract
Solvent  Extraction Extraction
1
rate Female adult Nymph Egg rate Female adult Nymph Egg
Ethanol 19.01  76.23+0.01a 82.15£0.14a 90.2+0.04a 13.10 52.4940.00a 63.42+0.03a 70.09+0.01a
6.12 54.7840.02b  69.13£0.06b 83.47+0.03b 7.25 46.58+£0.01b 55.6710.04b 62.24+0.05b
Ethyl acetate
. 475  40.5240.021c 53.64+0.013d 62.72+0.004d 3.24 32.15+0.007¢ 40.80+0.037¢ 51.63+0.056¢
cetone
Petroleum 1.56  29.15+£0.01d 43.2940.025¢ 51.63+0.03¢ 2.05 17.35+0.02d  32.13+0.04d 35.05+0.023d
ether
50 50<

- 53.1320.07b  61.26+0.01c  74.25£0.01c 46.57£0.17b 54.35+0.01b  59.75+0.01b
Orange oil Tangerine oil
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Table 2 Aroma compounds and relative content of citrus ethanol and ethyl acetate extracts identified by GC-MS analysis

Extract content(%)

No. CAS Compounds
Peel ethanol Seed ethanol Peel ethyl acetate Seed ethyl acetate
1 141-78-6 Ethylpropionate - 11.78 34.04 32.51
2 64-19-7 Acetic acid 3.90 0.49 0.25 0.02
3 105-37-3 Ethylpropionate - - 0.43 2.21
4 109-60-4 Propyl acetate - 0.39 0.08 -
5  108-88-3 Toluene - - 4.47 5.03
6  123-86-4 Butyl acetate - - 0.07 2.20
7 108-67-8 1,3,5- 1,3,5-trimethylbenzene 3.17 1.06 0.18 0.06
8  3387-41-5 Sabinene - 3.28 0.25 0.16
9 123-35-3 Myrcene 0.84 - 0.62 0.54
10 124-13-0 1- Octanal - - 1.25 0.30
11 3681-71-8 cis-3-hexenyl acetate - 0.78 0.17 0.71
12 138-86-3 Limonene 58.70 57.73 53.16 34.48
13 1120-21-4 Undecane - - 0.02 0.09
14 78-70-6 Linalool 2.98 1.59 0.70 -
15 124-19-6 Nonanal 0.07 - 0.25 2.23
16  21195-59-5 Menthatriene 3.72 2.14 0.34 0.71
17 7212-40-0 2-cyclohexen 1.20 0.47 0.83 0.47
18  562-74-3 4- 4-carvomenthenol 1.16 0.80 0.34 0.03
19 112-31-2 Decanal - - 0.11 -
20 1117-61-9 6-octen-1-ol 0.07 - 0.31 0.02
21 5392-40-5 Citral 1.71 1.17 0.46 0.19
22 629-59-4 Tetradecane - - 0.01 0.02
23 4630-07-3 Valencene - - 0.01 0.01
24 629-62-9 Pentadecane 1.42 - 0.06 0.10
25  544-63-8 Myristic acid 0.17 1.17 0.03 0.02
26  501-98-4 4- p-coumaric acid 0.45 - 0.03 2.06
27 57-10-3 Palmitic acid 2.12 - 0.48 8.04
28 628-97-7 Ethyl palmitate 1.06 - 0.01 3.23
29  112-80-1 Oleic acid 0.43 - 0.10 -
30 66-25-1 Caproaldehyde 0.06 - - -
31 100-42-5 Styrene 3.19 4.14 - 0.78
32 28564-83-2 4H-pyran-4-one 8.70 11.70 - -
33 67470 z-hydroxymethyl-Z-furaldehyde 231 043 0.02 )
34 150-86-7 Phytol 1.47 - - 0.23

35 463-40-1 Linolenic acid 2.14 0.29 0.06 -
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Table 3 Acaricidal activity of main ingredients
Corrected mortality (%)

No. Compounds CAS Female adult Nymph Egg
1 Limonene 138-86-3 77.91 80.70 84.45
2 Citral 5392-40-5 67.09 78.07 61.21
3 B- B-pinene 18172-67-3 63.12 67.54 68.48
4 4- 4-carvomenthenol 562-74-3 56.58 58.77 81.20
5 Linalool 78-70-6 55.23 63.16 51.29
6 Undecane 1120-21-4 50.98 53.25 32.26
7 1,2-xylene 95-47-6 45.58 50.31 36.40
8 1-nonanal 143-08-8 44.74 46.10 48.18
9 Geranyl acetate 105-87-3 43.34 45.78 43.16

10 Vanillin 121-33-5 40.65 42.30 37.58

11 Citronellal 106-23-0 40.12 41.34 31.29

12 Neryl acetate 141-12-8 39.64 40.11 41.23

13 Nonanal 124-19-6 36.18 37.13 21.59

14 -2- trans-2-hexen-1-al 6728-26-3 35.44 39.20 30.19

15 Caproaldehyde 66-25-1 33.15 34.56 44.32

16 Heptaldehyde 111-71-7 30.12 32.74 17.38

17 Eucalyptol 470-82-6 27.87 31.35 23.60

18 Geraniol 106-24-1 27.47 28.44 39.21

19 Terpinolene 586-62-9 25.23 24.34 34.46

20 n-octanol 111-87-5 24.15 21.32 27.15

21 Octyl acetate 112-14-1 16.17 20.10 32.11

22 B-citronellol 106-22-9 14.73 17.48 19.27

23 Benzaldehyde 100-52-7 11.54 15.32 23.50
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5 5
45 4-
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Table 4 The toxicity regression line of five main ingredients against female adult, nymphs and eggs of Panonychus citri

LCsp 2 95%
Instar Ingredients Toxic regression (mg/mL) 95% CL
Limonene Y=7.1664+1.7643X 0.0592 0.9779 0.0512-0.0684
Female adult 4- 4-carvomenthenol Y=7.0332+2.1312X 0.1112 0.9721 0.0972-0.1271
B- B-pinene Y=6.6599+1.6464X 0.0981 0.9553 0.0837-0.1150
Citral Y=6.8074+1.7018X 0.0867 0.9680 0.0740-0.1016
Linalool Y=6.4454+1.7060X 0.1421 0.9512 0.1056-0.1481
Pyridaben Y=8.5267+1.3972X 0.0299 0.9722 0.0932-0.1251
Limonene ¥Y=5.8393+1.3155X 0.2301 0.9674 0.0758-0.1171
Nymph Linalool Y=5.2067+0.9480X 0.6054 0.9528 0.0918-0.1224
4- 4-carvomenthenol Y=5.2430+0.7927X 0.4937 0.9353 0.1127-0.1463
Citral Y=5.7537+1.3774X 0.2837 0.9460 0.1023-0.1365
B- B-pinene Y=5.4642+0.8704X 0.2928 0.9152 0.1214-0.1664
Pyridaben Y=6.4287+1.5143X 0.0143 0.9417 0.0812-0.1145
Limonene ¥Y=6.4197+1.2012X 0.0658 0.9971 0.1210-0.1593
Egg 4- 4-carvomenthenol Y=6.2663+1.1247X 0.0748 0.9952 0.0926-0.1236
Citral Y=6.7791+1.5810X 0.0750 0.9531 0.1041-0.1428
Linalool Y=9.5381+1.6917X 0.0985 0.9922 0.0835-0.1149
B- B-pinene ¥Y=6.5813+1.7191X 0.1385 0.9271 0.0915-0.1329
Pyridaben Y=6.8159+1.1416X 0.0057 0.9358 0.0928-0.1345
3 'LTJ-'VQ Don-Pedro 1996

Callosobruchus maculatus
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