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Abstract: To analyze and compare the volatile components in raw Crataegus pinnatifida and its processed products (i.e., its fried and
charred products), headspace solid phase microextraction together with gas chromatography-mass spectrometry was used. Area normalization
was used to calculate the relative contents of volatile components as percentages. In addition, principal component analysis (PCA) was
performed. In total, 76 components were detected, among which 72 components were identified. Thirty-four peaks were detected and 29
components were identified from raw C. pinnatifida, accounting for 98.35% of the volatile components present. In the fried products, 41 peaks
were detected and 33 components were identified. These accounted for 97.15% of the volatile components present. Lastly, 48 peaks were
detected and 36 components were identified from the charred products, accounting for 84.78% of the volatile components present. There are
five common volatile components in the three products, but the contents of these components are different in the products. Meanwhile, the PCA
comprehensive scores of the three products varied significantly. Raw and fried products scored higher than charred products. The composition
and content of volatile components in C. pinnatifida have changed considerably after processing, and the medicinal value of fried C. pinnatifida
is relatively high.
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Table 1 Volatile components of hawthorn and its processed products
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(4 AT E e =%
A 5 #f x4 A AEX M; Tm’; . Aim

1 1.91 o= At 1,1-Dimethylhydrazine C,HgN, - 0.30 0.31
2 237 FElr —BE — W B dimethylsilanediol C,H;0,Si - - 0.61
3 245 A LB Fluoroacetamide C,H,FNO - 0.60 -

4 3.73 ARES Furfural CsH,0, - 3.84 -

5 3.75 KRS 3-Furaldehyde CsH40, - - 14.95
6 3.99 BT Furfuryl alcohol CsHeO, - 0.26 1.02
7 4.17 B a-Angelic lactone CsHO, - 0.28 0.68

2-methyl-butanoic acid
8 435 2-¥1 A TE#-1-F A LBE CsH 0, . 0.24 .
1-methylethyl ester
9 437 1- BRI Tk 1-acetyl-1-cyclohexene CgH 0 0.35 - -
10 455 2-ET Hekeh 2-Butylfuran CeH,,0 £ 0.34 -
11 4.73 2- LBt ek 2-Acetylfuran CeHgO, - 0.35 0.90
12 479 2(5H)-7k " BF) 2(5H)-Furanone C,H,0, - - 0.34
13 495 3-TH 3-Thujene CyoHjg 0.26 - -
14 505 2-S e a-Pinene CyoHye - 0.24 -
15 5.06 Tt (1R)-(+)-a-pinene CyoHy6 0.55 - -
16 53 (-)-3k M (-)-camphene CoHj6 0.55 - -
17 547 5-F Fek it 5-Methyl furfural C¢H0, - 2.07 7.80
18 5.65 2-R SR 2-Aminopyrimidine C4HsN; - 245 -
24-—$3-2,5-—F k- 2,4-dihydroxy-2,5-dimethyl-
19 5.68 CeHgO,4 - - 9.56
3 (2H) -vkvi@-3-AF 3(2H)-furan-3-one
20 5.7 B-Te b beta-Pinene CioHs 1.30 - -
21 581 A A:b B-myrcene CioHye 1.80 1.22 -
22 5.93 B R-2,4-r — Ml (E,E)-2,4-Heptadienal C;H,,0 0.16 - -
23 5.99 EFEE octanal CgH;60 0.36 0.50 -
24 626 FANh B Terpinolene CyoHy6 0.39 - -
25 644 A7k W (+)-Limonene CioHy6 - - 0.90
26 647 AN limonene CioHis 5263 364 -
27 651 Heot i BY Cineole CioH;50 - 7.60 -
28 6.61 3- R k-1-B2 3-Pentyn-1-ol CsHgO - - 0.37
29 6,67 (Z2)3,7-=FH-13.6-+ = (Z)-p-ocimene CioHis 1.80 1.62 -
30 6.68 BT S Phenylacetaldehyde CgHgO - - 0.53
31 6.78 4-W A 15-F W 4-methylhepta-1,5-diene CgHyy 0.19 - -
32 6.83 2-F 2-Octyne CgHyy - - 0.19
33 6.88 9Tk o0 M g-Terpinene CioHs 26.68  23.10 0.17
34 7.01 BB 1-Octanol CgH ;50 0.45 - -
35 715 5-F A -5- Tbp-2-BR) 5-methylhex-5-en-2-one CH,,0 - 1.77 7.75
3% 734 MIR[4.1.0]5-2-55, Bicyclo[4.1.0]hept-2-ene, o 303 464 ]
477-ZF - 4,7,7-trimethyl-
37 735 ARER F B Methyl 2-furoate CeHeOs - - 15.13
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#EW
38 7.51 S 1-Nonanal CoH ;50 1.67 1.70 1.67
39 7.63 (-)-a-1n A4 R a-Thujone CyoH;60 1.39 1.64 -
40  7.63 RH Cyclopentene CsHg - - 0.21
41 1776 3-RBH-4-F Arkvh 3-Amino-4-azidofurazan C,H,N,O - - 0.67
42 814 + ¥ AR AR Decamethylcyclopentasiloxane  C,oHz0O5Sis - 0.47 -
43 825 i ()-Camphor CoHiO 049 086 -
4 835 FEWESTT (2E)-2-Nonenal CoH, 0 ; 022 -
45 8.5 1-38-8-(v9 Ertbrl B L) F i 2-(8-bromooctoxy)oxane C5H,5BrO, - 0.26 -
46  8.59 KA borneol C,oH;50 0.27 - -
47 871 A-FE W BE Terpinen-4-ol CoH;50 0.55 0.60 0.30
48 878 N-F 3k-2-nthek T BE N-Methylpyrrole-2-carboxaldehyde ~ CsH,NO - - 0.48
49 9 BB Decanal C;oHyO 0.39 0.48 1.21
50 939 5-LBEAL F A -2-vk bR (5-Formyl-2-furyl)methyl acetate ~ CgHgO,4 - . 1.21
51 9.47 5-% T HAREs 5-hydroxymethylfurfura CeHeO; - 0.82 12.69
521022 a-% % 2R a-ionone C3H50 - - 0.73
53 10.24 Jeak TERAR A BE 1-Bornyl acetate CpH0, 0.68 091 -
54 1031 EHE Safrole CoHO, - ; 027
55 1047 BHEE Perilla alcohol C;oH,0 - - 0.20
56 10.52 5- LEBLAIL T AR-2-vk v B (5-Formyl-2-furyl)methyl acetate ~ CgHO, - - 0.51
57 10.62 T EIRS RN Dodecamethylcyclohexasiloxane — C,H3¢06Sis  0.21 0.24 0.38
58 11.2 S5 M a-Cubebene CisHy - 0.20 0.14
59 1131 TAE Eugenol CioH 20, 0.23 - 1.13
60 11.64 (-)-Alpha-J&Hs a-copaene CisHyy 0.23 - 0.25
61 11.8 + ke Tetradecane C4Hs - - 0.24
62 12.38 B~ At f-Caryophyllene CisHyy 0.75 0.63 -
63 1271 K By Paeonol CoH,(0;4 0.13 - -
64 1276 (B) -B-aa %M trans-p-farnesene CisHy 0.12 - 0.58
65 14.03 A-FEAN (+)-delta-cadinene CysHy, - - 0.18
66  16.62 -+ 8 1-Hexadecene Ci6Hs3, - 0.30 -
67 16.76 TR =B Bis(2-ethylhexyl) adipate CyH40, - - 0.52
68 17.96 2-H R H-4-F HOREY 2-Allyl-4-methylphenol CioHpO  0.54 - -
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Fig.1 Total ion current diagram of volatile components in raw

hawthorn

hawthorn

Fig.2 Total ion current diagram of volatile components in fried
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Fig.3 Total ion current diagram of volatile components in
Hawthorn
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Table 2 Variety and relative quality analysis of volatile components in hawthorn and its processed products

j L iyt Bt

A HEA AR ESE% F/A AR ES B Y% HEAN AR ETH Y%
S 13 88.05 8 63.71 8 2.7

(73 4 2.58 7 9.63 9 41.05

EES 2 1.88 3 427 4 18.38

Bk 3 127 3 8.46 4 1.89

GRS 1 0.68 3 1.43 4 16.94

IS 1 0.21 3 0.97 2 0.62

By 3 0.9 0 0 1 1.13
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Table 3 The eigenvalues of the principal components and their
contribution rate
AR AR
it FTEM% BRY%
1 1.246 41.529 41529
2 1.031 34352  75.880
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Table 4 Principal component scores and comprehensive scores

X0

of volatile components of hawthorn and its processed products
A1 A2 bt
AL 0812 0014  0.826
XaLAg 0500 0759 1.259
£t 0580  -0.674  -0.094
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