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Abstract
space solid-phase microextraction (HS-SPME) was used to extract the volatile components of Liquidambar formosana raw and processed prod-
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[ Objective ] To study the effect of stir-frying and sand-scorching on volatile components of Liqguidambar formosana. [ Method ] Head-

ucts, and the volatile components were analyzed and identified by gas chromatography-mass spectrometry ( GC-MS) , and the relative mass
fraction of each component was calculated by the peak area normalization method. [ Result]65,71 and 80 components were respectively identi-
fied from Liquidambar formosana ,the stir-fried product of Liquidambar formosana and the sand-scorched product of Liquidambar formosana ac-
counted for 74.08% ,71.45% and 74.14% of the total content of volatile components , respectively.The types and the relative mass fraction of al-
kenes in the stir-fried product and the sand-scorched product of Liquidambar formosana were significantly higher than those in raw product ;the
relative mass fraction of ketones in stir-fried products and sand-scorched products of Liquidambar formosana were significantly reducer than
those in raw product. After stir-frying,the types of alkenes increased from 22 to 29 in the volatile oil, and the relative mass fraction increased
from 19.15% to 40.61%.After sand-scorching, the types of alkenes increased from 22 to 36 in the volatile oil,, and the relative mass fraction in-
creased from 19.15% to 43.62%. After stir-frying ,the relative mass fraction of ketones decreased from 22.27% to 9.10% in the volatile oil,
and after sand-scorching, ketones decreased from 22.27% to 6.51% in the volatile oil.Compared with Liquidambar formosana ,7 kinds of terpen
ingredients were produced in stir-fried products, 14 kinds of terpen ingredients were produced in sand-scorched products,sand-scorched method
increased 7 terpen ingredients more than stir-fried method. [ Conclusion ] After stir-frying and sand-scalding , the types and relative mass fractions
of alkenes in the volatile oil of Liquidambar formosana are significantly increased, while the relative mass fractions of ketones is significantly
decreased , more terpenes ingredients are added in the sand-scorched product than in the stir-fried product.The results provides experimental ba-
sis for the study on processing technology of different processing methods.
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Fig.1 Total ion flow diagram of volatile components of raw product (a) ,stir-frying product (b) and sand-scorching(c) of Liquidambar for-

mosana
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Table 1 The volatile components of Liquidambar for and its processed products
FENT /34K Relative mass fraction // %
oy PR R ok ] awsax 7T e >
{\? Retention Compound Molecular HE il {J':ﬂd 'fﬁ'] . PP
0. time //min name formula Raw Stir-fried Sand-scorched
product product product
1 5.80 3-HEL T 3—-methyl-butanal C;H,,0 0.03 0.17 0.20
2 7.01 3—F13£-2-"Tfi] 3-methyl-2-butanone C;H,,0 0.07 0.12 0.06
3 7.97 T Pentanal C;H,,0 0.02 0.06 0.15
4 9.36 4—H3£-2 [Vl 4-methyl-2—pentanone C¢H,,0 0.06 0.14 —

e S



154

2022 &£

FHRT 434K Relative mass fraction // %

st PAN s 4
F5 i oot Mool BB WOR Rk
time //min name formula aw tir-fried Sand-scorched
product product product

5 9.69 5% THR isobutyric acid C,H,0, 0.05 0.03 0.03
6 9.78 2~ F -3~ %] 2—methyl-3-pentanone C¢H,,0 0.02 — —
7 11.12 3—H13E-2 T 3-methyl-2-butenal C;H0 0.02 — —
8 11.68 £ 1% Hexanal C¢H,,O 0.26 0.45 1.04
9 13.18 5—-H1 3 5- 2,042 [ 5-methyl-5-hexen—2—-one C,H,0 0.20 0.07 0.09
10 14.93 L% 1-hexanol CsH,0 0.05 0.07 0.08
11 16.02 2 J%:fii] 2—heptanone C,H,0 — 0.04 0.07
12 16.55 Bl Heptanal C,H,0 — 0.08 0.45
13 17.71 IR Tricyclene CoHyg 0.05 0.10 0.06
14 17.94 a~ A a—thujene C,oHy 0.07 0.12 0.23
15 18.33 a—JEMS a—pinene C,oHyg 5.30 14.78 16.13
16 19.03 a—TH M a—fenchene C,oHy 0.03 0.09 0.05
17 19.12 %M Camphene CoHy 0.75 1.65 0.75
18 19.32 61 3L 2— 3] 6—methyl—2—heptanone CgH,,O 0.57 0.24 0.12
19 19.71 I HEE benzaldehyden C,H,O0 0.30 0.13 0.26
20 20.49 Ttk Sabinene C,oHy — 0.08 0.16
21 20.60 B-JRMs B—pinene CoHy 2.23 4.98 8.33
22 21.02 6 3L 5 Jid#—2—F] 6—methyl—5—hepten—2—one CgH,,0 0.05 — 0.15
23 21.25 B-H kM B-myrcene CyoHy — — 0.15
24 21.84 Y% Octanal C4H,,0 0.05 0.13 0.36
25 22.03 a—7K 4 a—Phellandrene CoH,, 0.39 0.44 1.21
26 22.34 §—3-EE M 8—3—carene C,oHyg — 0.04 0.15
27 22.66 o~ a—terpinene C,oHy — — 0.13
28 22.93 m—P:AESE m—cymene CoH, 0.22 0.07 0.06
29 23.08 p—AAE)E p—cymene CoH, 5.40 1.45 1.76
30 23.16 2- . F 2 % 2—Ethylhexanol CsH O — 0.15 0.22
31 23.31 520 Limonene C,oHy 1.06 1.12 1.24
32 24.22 (z) - #1475 (Z) —ocimene CoHyg — — 0.12
33 24.43  6-H13k-3 5-p¢ —J#—2—f] 6-methyl-3,5-heptadien-2—-one ~ C4H,,0 0.09 — —
34 24.86 y— A4 y—terpinene CoHyg — — 0.06
35 25.32 IKE KM Sabinene hydrate C, H,0 — 0.17 0.17
36 26.46 ¥t =Ap:4E 4% p—Cymenene CpoH, 1.66 0.71 0.77
37 26.90 FFEiE Linalool C,,H,sO0 0.10 0.12 0.22
38 27.10 T Nonanal CoH O 0.20 0.43 2.71
39 28.38 a— eI a—campholene aldehyde C,,H,sO 1.42 0.98 0.86
40 29.03 %V Nopinone C,H,,0 1.80 0.57 0.31
41 29.10 S AAAF I trans—Pinocarveol C,,H,O 5.04 3.09 3.28
42 29.36 S E HE R trans—Verbenol CyyH,0 4.21 2.96 2.15
43 30.30 P Pinocarvone C,H,0 5.83 2.74 1.90
44 30.43 VKA Borneol C,,H,sO 0.11 0.27 0.25
45 30.75 =1 Umbellulone C,,H,,0 0.14 0.04 —
46 30.98 4—iji i % 4—terpineol C,H,s0 0.15 0.12 0.25
47 31.29 p—H LT A FE-8~i% p—cymen—8-ol C,H,O0 1.63 0.28 0.31
48 31.63 o~ il % a—terpineol C,,H,;sO 0.17 0.11 0.21
49 31.95 BEAUUIFEE Myrtenol C,H,0 2.35 0.71 0.59
50 31.98 HRA IR Myrtenal C,H,0 5.50 3.11 3.48
51 32.15 281 Decanal C,,H, 0 — 0.19 0.43
52 32.61 LIS KT Berbenone C,,H,,0 12.64 4.97 3.53
53 32.94 CLASIETR (B ) —Carveol Hh S KR C,,H,sO 0.61 0.21 0.23
54 34.04 MiZ B Cuminal C,H,,0 0.53 0.11 0.17
55 34.20 R Carvone C,H,0 0.63 0.17 0.19
56 34.41 (+) =5 ( +) —carvotanacetone C,,H,csO 0.17 — —
57 35.67 LT Perillal C,,H,,0 0.11 0.11 0.10
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FR1
N XS 12534 Relative mass fraction // %
st s 4
FE i oot Moo BB wini
time //min name formula aw tir-fried Sand-scorched
product product product
58 36.15 L BRVK T bornyl acetate C,H,,0, 0.51 0.24 0.23
59 36.30 2—+—4¥EfEi 2—undecanone C,,H,0 — — 0.09
60 38.59 S5 M d—elemene CysH,, — 0.08 0.14
61 38.96 R S citronellyl formate C,,H,0, — — 0.12
62 39.14 S—LERE AN a—cubebene CysH,, 0.36 0.28 0.59
63 40.20 a1k 2% M a—ylangene CsH,, 0.18 0.22 —
o4 40.31 1B AT L BRTR neryl acetate C,H,0, — — 0.19
65 40.39 o~ U a—copaene CsH,, 1.02 0.94 0.94
66 41.03 B-Hi & B—elemene CsH,, 0.94 5.44 3.59
67 42.39 B~ ¥ B-caryophyllene CH,, 0.19 1.66 1.64
68 42.77 v E s y—Elemene CsH,, 0.11 0.13 0.44
69 43.06 a—ATBIAM a—guaiene C,sH,, — 0.10 0.15
70 43.85 a—IEFRHS a—humulene CisH,, 0.10 0.17 0.35
71 44.17 WFR 4 Alloaromadendrene CsH,, 0.98 1.49 0.31
72 44.69 =A< 22 il y—Muurolene CsH,, 0.83 0.94 0.46
73 44.71 S—ME R S—selinene C,H,, — — 0.13
74 44.84 o~ LM a—amorphene CsH,, 0.67 0.43 —
75 45.09 FKAEF M4 DgermacreneD C,sH,, — — 0.30
76 45.23 B-kE KM B-selinene C,sH,, 0.26 1.43 1.28
77 45.57 o~ M a—selinene CsH,, — 0.50 0.38
78 45.65 JEE % a—muurolene CsH,, — — 0.48
79 46.29 y—HEHA G y—cadinene CsH,, 0.24 0.65 0.78
80 46.49 B—fi52HE 22 ) B—sesquiphellandrene CsH,, — — 0.32
81 46.59 S— A 8—cadinene CsH,, — 1.26 0.64
82 46.62 47k Calamenene C,sH,, 2.81 0.97 0.60
83 47.19 a— A a—cadinene CsH,, — — 0.85
84 47.46 o~ E % a—calacorene CsH,, 0.58 0.35 0.31
85 47.60 Wil Elemol CsH, 0 0.36 1.36 1.19
86 47.93 PEAE RS Nerolidol C,sH,,0 0.49 0.94 0.56
87 48.91 (+) - L (+) —spathulenol C,sH,,0 0.86 2.38 0.86
88 50.20 IR TR humulene epoxidell C,H,,0 0.25 0.52 0.24
40 M 4 % Raw product = % M 4 % Raw product
W ks Stirfried product = 40 W ks Stirfried product
. 30 W A7 &t Sand-scorched product = _§ W A7 &t Sand-scorched product
=) = 2
« 2
£, ®e
= 10
2
Yk mr mE mE mE mE @A Yk mr mE mE mE BA @A
AEE PR Volatile component AEE PR Volatile component
B2 BRI £ A R A 0 & SRR AR S ROFNE 3 BREEE 4 SR RIE R MRS MR R B
Fig.2  Types of various volatile components in raw and pro- Fig.3 Relative mass fractions of volatile components in raw and
cessed products of Liquidambar for processed products of Liquidambar for
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