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Table 2 Factor and levels of response surface experiments

for extraction condition optimization
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Fig.1 Effect of different extraction temperatures on the de-
termination of total peak area and species of volatile organic

compounds in leaves of Pistacia chinensis
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Fig. 2 Effect of different concussion time on the determina-
tion of total peak area and species of volatile organic com -

pounds in leaves of Pistacia chinensis
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Table 3 Design and results of Box—Behnken experiment

KR 5KF
2= : , Y,/mAU*min Y,/Fh
A/C B/min C/g D/min
1 0 0 0 0 7.24X10" 52
2 0 0 —1 1 7.37X 10" 58
3 0 1 1 0 6. 04X 10" 50
4 0 0 0 0 7.29X10" 52
5 —1 0 —1 0 7.33X 10" 52
6 1 0 0 1 7.89x10" 51
7 —1 0 0 —1 6.97 X 10" 50
8 1 0 0 —1 7.41X 10" 59
9 0 1 —1 0 6.86X10" 60
10 0 0 0 0 7.24X 10" 58
11 —1 0 0 1 6.89> 10" 52
12 —1 0 1 0 5.28x10" 44
13 —1 —1 0 0 5.97 X 10" 50
14 0 0 1 1 6.26> 10" 52
15 0 —1 —1 0 5.58x10" 46
16 0 —1 0 —1 6.28X 10" 53
17 0 —1 0 1 7.35X10" 58
18 1 1 0 0 7.62X10" 58
19 0 —1 1 0 6.63X 10" 53
20 0 0 0 0 7.55X 10" 58
21 1 0 1 0 7.88X 10" 59
22 0 0 1 —1 7.05X 10" 55
23 0 0 0 0 6.55x 10" 54
24 1 —1 0 0 7.84X10" 57
25 0 1 0 1 7.85X 10" 57
26 0 1 0 —1 7.89x 10" 57
27 0 0 —1 —1 8.08X 10" 60
28 1 0 —1 0 6.83X 10" 52
29 —1 1 0 0 7.89x 10" 58
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Table 4 Variance and results of total peak area regression model
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L 1.209 % 10* 14 8. 636 10" 3.58 0.0116 EZHWE
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AB 1. 145X 10% 1 1. 145X 10% 4.74 0.047 0
AC 2. 403X 10" 1 2. 403X 10" 9.96 0.007 0
AD 7.840x10% 1 7.840X 10" 0.32 0.5777
BC 8. 742X 10" 1 8. 742X 10" 3.62 0.077 8
BD 3. 080 10" 1 3. 080 10" 1.28 0.2775
CD 1. 600X 10" 1 1.600% 10" 6.630X 10" 0.936 3
A? 5.813x10% 1 5.813x10% 0.24 0.6312
B’ 1.565X 10" 1 1.565X 10" 0.65 0.4341
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22 5 B 3 (P<<0. 05), 22 Sl i 2 (P<<0.01) .



At 3

O 5 B 2024 4F 169

R5 BERZUAVNYMEODEABERFTERER

Table 5 Variance and results of regression model of volatile organic compounds

7 22 K5 -5 i F A R ¥y F P1H i
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D 3.00 1 3.00 0.31 0.5838
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AC 56. 25 1 56. 25 5.90 0.029 2
AD 25. 00 1 25. 00 2.62 0.1278
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Fig. 5 The effects of extraction temperature and coucussion time on the determination of total peak area(A,B) and volatile or-

ganic compounds(C,D) in leaves of Pistacia chinensis
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Fig. 6 The effects of extraction temperature and sample volume on the determination of total peak area(A,B) and volatile or-

ganic compounds(C,D) in leaves of Pistacia chinensis
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Fig. 7 The effects of extraction temperature and desorption time on the determination of total peak area(A,B) and volatile or-

ganic compounds(C,D) in leaves of Pistacia chinensis
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Table 6 Types,relative contents and peak area of volatile organic compounds in leaves of Pistacia chinensis

GBS 5 (AR S &4 (AR /RN HHRF & i/ %% U T BL/mAU*min
1 B-Lauroylene B-H M 7.71 7843706542. 74

2 (—)-Limonene (=) Ar i 3.73 4909054644. 37
3 Isostigmene ST 19. 24 17793929252. 87

4 -Schistocene B-A Tk 0.16 146645274. 10

5 trans-B-basilene S B Wi 0.10 98456228. 77
6 3-carene 3-E 21.36 21852155264. 21

[l 7 d-Guaiacolene ST B A 2.96 3894903926. 10
8 1R-apinene 1R-o-JR 0.88 1804385573. 77
9 cis-B-basilene it X -B-2 iy 4 11.06 10293869736. 65

10 D-limonene D 0.35 399905644 37

11 oa~Humulene o HE LI 2.64 2705562237. 1

12 a~Guaiacolene o B A 0.03 296791964. 81

13 Terpinolene i it 6.82 5845856403. 34
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= B4 L& 4 HEX A/ % U 117 B1/mA U*min
14 p-Basilene B-% Wi 1.96 2178659736. 65
15 g-Cineole BT F I 0.01 96542525. 55
16 B-Elmene B T 0.84 1667131285. 24
17 aCineole a fr M 2.51 2695541486. 58
18 B-Pinene B-IR 0.03 237295307. 68
19 (—)-a-pinene (=)o IR N 0.82 1749916423. 31
20 alloparaffinene IR 3.36 4271591234. 56
21 a-Ginsengene a NS 0. 30 324360702. 67
22 y-pinene yH T A 0.38 429113248. 21
23 2, 2-dimethyl-4-pentene 2,2 W - 0.39 466531447, 58
24 6-Thujene RN ] 0.18 187492931. 73
25 camphene B 0.04 402055909. 29
26 Boswellinterpene W T 4 il 0.34 355753252. 58
27 B-Siderocarpene B A1 0.08 79327174. 46
28 (+)-Bornylene (+) -8 0.06 598435484. 55
29 (—)-B-pinene (—)-B-IiR M 0.35 388956307. 68
30 gamma-cumene vl 2 0.09 81263725. 86
31 1-tert-butylpropadiene 1RUT 9 0 0.09 82027402. 14
32 a-Wickeroilene o BE Vit I o 0.06 62984811. 59
33 Butyrylene T & 0.28 255498425, 62
34 Ylang-ylangolene A 22 i o 0.18 178802249. 12
35 o Laurethene o B 0.14 127230382. 56
36 Selina-3,7(11)-diene Selina-3,7(11)- " 0.08 76360702. 67
exo-7-(trans-1-propenyl)bicyclo exo-7-(J2 A -1-TN i 52 ) RUIAR[ 4. 2. 0]
37 0. 10 91430382. 56
[4.2.0]oct-1(2)-ene oct-1(2) -
38 Juniperine A .01 95054782. 45
1,3,5, 5 tetramethyl-1, 3-cyclohexadi-
39 1,3,5,5- MU -1, 3- 3 & 4% .05 549806103. 46
ene
40 delta-Celeryne 3T F I .04 428162882. 67
41 1-Bromo-3, 7-dimethyl-2, 6-octadiene 1-9R-3,7- " H 32,69 .04 364552358. 85
42 Aromaticdiene T 0.02 210233200. 17
43 cis-2-hexenal I -2- e 7.49 7473318870. 23
44 2-Hexenal 2-CLH 0.23 210316598. 52
45 Hexanal o 1.33 1654515858 25
46 trans-2-Pentenal 2 -2 0.06 605816882. 67
47 Nonylaldehyde ER 0.06 625821625. 73
48 Decanal [ 0.03 235755413, 54
49 trans-2-heptanal S22 -2- P 0.03 258485429. 85
50 B-cycliceitral B A 0.01 95144996. 60
51 3-Hexen-1-ol 3-C M- 1A 0.01 98060103. 46
52 Bluegumol kB 0.05 572636289. 38
53 cis-veratrol - 1 0.01 95868689. 88
54 cis-3-Hexen-1-0l T -3 2 s - 1B 0.05 440801203. 46
55 3-Methyl-4-penten-1-ol 31 He-d- R -1 0.02 235441787.75
2-methylene-4,8,8-trimethyl-4-vinyl-  2-3F B %k-4,8,8- = H J-4-2, I H£-3L
56 .17 63428513. 65
bicyclo[ 5. 2. 0 Jnonane R[5.2. 0] Fhe
57 Dioctadecane s ¥ ST 0.08 73224149. 35
58 Hexadecane + ke 0.29 265577980. 76
59 cis-3-Hexenyln-pentanoate 1 I B -3~ s 3 i 0.01 99684133. 24
60 Benzylhydrazinecarboxylate JUF TP R TR 0.01 98568689. 88
61 1-Penten-3-one 178 i -3l 0.16 158489704. 10
62 Piperone ikl 0.02 214224852. 81
63 1,9-Decadiyne 1,9-28 gk 0.01 98422653. 82
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Optimization of extraction conditions of Pistacia
chinensis leaves by response surface method

WANG Ya-ying',ZHANG Jin’, MA Zi-han’, YANG Lu-lu’, YANG Xiu-yun”
(1. Shanxi Forestry Vocational Technical College, Taiyuan 030002, China;2. College of Forestry,Shanxi Agricul-
tural University, Taigu 030801, China)

Abstract: [ Objective] To determine the optimal extraction conditions of volatile organic compounds (VOCs)

from leaves of Pistacia chinensis. [ Method] Based on single factor and Box— Benhnken design principles, a response
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surface analysis model of 29 test sites, including four factors and three levels, was designed to optimize the extraction
temperature, concussion time, sample volume and desorption time of headspace solid phase microextraction. The spe-
cies, relative content and total peak area of volatile organic compounds (VOCs) were determined by SPME—GC—
MS. [Results] The optimal conditions for the extraction of volatile organic compounds from the leaves of P. chinensis
were as follows: The extraction temperature was 35 “C;the concussion time was 30 min;the sample volume was 0. 50
g;and the desorption time was 5 min. Under the optimal conditions combined with GC—MS analysis, 63 components
were observed in the leaves of P. chinensis. The relative contents of terpenes, aldehydes, alkanes, ketones, alcohols,
esters and acetylenes were 89.87%,9.24%,0.54%,0.18%,0.14%,0.02% and 0.01%, respectively. [ Conclu-
sion] The headspace solid phase microextraction conditions optimized using combined single factor test and response
surface method were suitable for the rapid determination of volatile compounds in the leaves of P. chinensis, and ter-
penes were the main volatile compounds.

Key words: Pistacia chinensis ;HS—SPME ; GC—MS; response surface analysis
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