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Abstract: The volatile components in different parts(root, fruit, leaflet, old leaf, tender stem and
old stem) of Rubus chingii Hu(R. chingii) were determined by headspace gas chromatography ion mo-
bility spectrometry (HS-GC—IMS). By focusing on the differences of volatile components in six differ-
ent parts of R. chingii, combined with principal component analysis, partial least squares discrimi-
nant analysis and cluster heat map, the differences of volatile components in different parts were stud-
ied. The results showed that a total of 128 volatile components were obtained from six different parts,
92 of which were identified, including 23 alcohols, 28 aldehydes, 13 ketones, and 8 esters, etc. ;
GC~-IMS fingerprints showed that the volatile components in six different parts were similar, but the
content difference was obvious. According to VIP>1. 2, 17 different components such as(E)-2-hexe-
nal-D, methyl acetate and 3-methylbutanol-D were screened out. The differences of volatile compo-
nents in different parts of R. chingii were analyzed, which provided a new method for rapid and accu-
rate identification of volatile components in different parts of R. chingii.
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Fig. 2 Two-dimensional HS-GC~IMS spectra of different samples

A: fruit; B: spear; C: old stem; D: leaflet; E: oldleaf; F: root
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Fig. 3 Difference spectra of HS=GC~IMS relative to tender stem
A: fruit; B: spear; C: old stem; D: leaflet; E: old leaf; F: root
Rl FEMEE T AR R A S
Table 1  The volatile components in different parts of R. chingii
No. Type Component CAS Formula Rejtentlon Re.tentlon 361;,“1‘/6 Aroma description'>>®
index time/s  drift time/ms
1 i Hexanal-M( L fiE-M) 66-25-1 CH,0 1096.5 476.513 1.276 10 Fruit, green
2 Hexanal-D(C#-D) 66-25-1 CH,0 1095.0 474.812 1.56606 Fruit , green
3 Heptanal-M (B -M) 111-71-7  CH,0 1192.7 656.730 1.33995 Fat, citrus
4 (E)-2-Hexenal-M((E)-2-C. % 6 728-26-3 CﬁHIOO 1226.1 711.989 1.181 74  Grass fragrance, fresh fra-
Ji%-M) grance
5 (E)-2-Hexenal-D((E)-2-C\ 4 6 728-26-3 CH,,0 1227.0 713.435 1.52119  Grass fragrance, fresh fra-
fi%-D) grance
6 (E)-2-Pentenal-M((E)-2-J%Jfi 1576-87-0 CH,O 1140.9  559.659  1.10336 Green, fruity
JE-M)
7 (E)-2-Pentenal-D((E)-2-I%M  1576-87-0 C,H,0  1138.9  555.754  1.36107 Green, fruity
E-D)
8 Heptanal-D (BE%-D ) 111-71-7  CH,0 1191.3  654.180  1.689 19 Fat, citrus
9 Acrolein (P 1 ) 107-02-8  C,H,0 869.7 270.088  1.058 16 No data
10 Butanal-D( T &-D) 123-72-8 C,H,0 885.0 280. 885 1.2817  Cocoa fragrance, hazelnut
fragrance
11 Octanal (37 ) 124-13-0  CH,,0  1296.7  829.823 1. 408 12 Intense green, sweet
12 (E)-2-Heptenal-M((E)-2-B&J# 18 829-55-5 C,H,,0 1325.2  892.338 1.256 98  Almond flavor, fatty aroma
JE-M)
13 (E., E)-2, 4-Heptadienal-M  4313-03-5 CH,0 1501.6 1279.368 1.201 89 Green tea, nuts
((E, E)-2, 4-FR_JiE-M)
14 2-Methylbutanal( 2-HEL T ) 96-17-3 CH,,0 921.6 306. 788 1.406 17 fragrance of fresh grass
15 (E)-2-Heptenal-D((E)-2-P#ffi 18 829-55-5 C.H,0 1327.0 896.180 1.66053  Almond flavor, fatty aroma
fE-D)
16 Nonanal-M (T-[#-M) 124-19-6 CngxO 1402.6 1062.224 1.48373 Citrus, green aroma
17 (E)-2-Octenal ((E)-2-JfH%) 2548-87-0 C,H,0 1443.9 1152.884 1.32794 Seaweed, nuts
18 Butanal-M ( T#-M) 123-72-8 C,H,0 884.0 280.166  1.12957 Almond flavor, cocoa aroma
19 Nonanal-D(T:f%-D) 124-19-6  C,H, 0 1402.1 1061.079 1.94211 Citrus, green aroma
20 2-Methyl propanal 78-84-2 C,HO 840.3 249.262  1.27770 Potato flavor, soybean flavor
(2-HIBETN T )
21 (E)-2-Nonenal ((E)-2- /%) 18829-56-6 C,H O 1571.8 1433.393 1.42337 No data
22 (E, E)-2, 4-Heptadienal-D 4 313-03-5 C,H,,0 1502.2 1280.657 1.62159 Green tea, nuts
((E, E)-2, 4-PFJ&HE-D)
23 (Z)-4-Heptenal-M((Z)-4-B&lfi  6728-31-0 C,H,,0 1250.6  752.631 1.14278 No data
1E-M)
24 3-Methyl-2-butenal-M 107-86-8  C,H,O  1206.7  679.836  1.09469  Almond flavor, roasted aro-

(3-F3E2-TIREE-M) ma
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No. Type Component CAS Formula Re.tentlon Re.tentlon Bela.ttlve Aroma description
index time/s  drift time/ms
25 3-Methyl-2-butenal-D 107-86-8  C,H,0 1207.8 681.675 1.35694 Almond flavor, roasted aro-
(3-F3L-2-TImME-D) ma
26 (Z)-4-Heptenal-D((Z)-4-Bifi  6728-31-0 C,H,0 1249.4  750.665 1.61705 No data
f&-D)
27 Benzaldehyde (% F i) 100-52-7 C,HO 1581.2 1454.133 1.15365  Bitter almond flavor, cara-
mel aroma
28 Pentanal ([ ) 110-62-3  C,H,,0 994. 1 358. 165 1.431 83  Strawberry fragrance, fruit
fragrance
29 [ 1-Propanol-M ( 1-HfiE-M) 71-23-8 C,H,O 1043.8  415.211 1. 11478 Alcohol, irritating odor
30 1-Butanol-M ( 1-T F#-M) 71-36-3 CH,,0 1148.4 573. 653 1.177 53 Whiskey aroma, banana
fruit aroma
31 1-Penten-3-ol-M 616-25-1 CH,0 1165.7 606.135 0.94216 Butter fragrance, grass fra-
(1-73 05 -3-BE-M) grance
32 2-Methylpropanol-M 78-83-1 CH,, O 1102.4  487.290 1. 173 31 No data
(2-HIZE P BE-M)
33 l—Propanol—D( 1-NE-D) 71-23-8 C,H,0 1043.2 414. 455 1.257 45 Alcohol, irritating odor
34 1-Penten-3-0l-D 616-25-1 CH, 0 1166.4  607.575 1.395 64  Butter fragrance, grass fra-
(1-1¢45-3-I-D) grance
35 1-Butanol-D(1- T -D) 71-36-3 CH,O 1150.1 576.907 1.38433  Whiskey aroma, banana
fruit aroma
36 3-Methylbutanol-M 123-51-3  CH,0 1213.4 690.919 1.24272 No data
(3-HIJL T E-M)
37 3-Methylbutanol-D 123-51-3  CH,0 1212.9 690.097 1.49171 No data
(3-HEET D)
38 1-Pentanol-M ( 1- % /i5-M) 71-41-0 CH,0 1259.3 767.044 1.25251 Green grass fragrance,
spicy flavor
39 1-Pentanol-D (1-/%-D) 71-41-0 CH,,0 1258.3 765.270 1.513 85 Green grass fragrance,,
spicy flavor
40 2-Methylpropanol-D 78-83-1 CH, O 1101.7 485.872  1.36404 No data
(2-HIEE D)
41 1-Hexanol-M ( 1-C. #%-M) 111-27-3  CH,,0 1363.6 976.566  1.32660 No data
42 1-Hexanol-D(1-CL F%-D) 111-27-3  CH,0 1363.3 975.938  1.64056 No data
43 Ethanol (Z %) 64-17-5 C,HO 944.9 323.291 1. 141 45 Fragrant
44 1-Octen-3-ol ( 1-2F45-3-fi%) 3391-86-4 C,H, O 1498.9 1273.545 1.16208 Grass fragrance, ocean
45 3-Methyl-but-3-en-1-0l-M(3-H1  763-32-6  C,H, 0 1209.8 685.028 1.18447 No data
BT -3 1-BE-M)
46 Tert-butanol (KU T %) 75-65-0 CH,,0 924. 6 308. 982 1.33507 Aroma of wine
47 Furfuryl alcohol (B ) 98-00-0 CHO, 1703.5 1722.508 1.10855 No data
48 (Z)-3-Hexenol((Z)-3-C %)  928-96-1  CH,0 1397.6 1051.266 1.23787  Green grass fragrance, wal-
nut flavor
49 (Z)-2-Penten-1-0l-D((Z)-2-1% 1576-95-0 C,H,,0 1330.7  904.415 1.447 63 Green fragrance, green
Jai-1-F-D) grass
50 3-Methyl-but-3-en-1-0l-D 763-32-6  CH, 0 1209.3 684.206  1.43425 No data
(3-HIAET -3-4-1-5-D )
51 (Z)-2-Penten-1-0l-M((Z)-2-/% 1576-95-0 C,H, 0 1330.8 904.562  0.94426 Green fragrance, green
15-1-BE-M) grass
52 il 1-Hydroxypropan-2-one 116-09-6 ~ C,HO, 1307.6 853.658  1.069 96 No data
(1-F2FE N -2-F)
53 2-Heptanone ( 2-H# ) 110-43-0  CH,0 1188.2 648.458 1.26242 No data
54 1-Penten-3-one(1-84%-3-f)  1629-58-9  C,H,O  1031.2  400. 485 1.308 95  Fishy smell, grassy aroma/
55 Butan-2-one( T -2-fi]) 78-93-3 C,H,0 909. 9 298.533  1.24509 No data
56 Acetoin-D(HE-D) 513-86-0 CHO, 1294.4  825.147 1.32846 No data
57 Cycl()hexanone-M(Wﬂ@@-M) 108-94-1 CH,,0 1290.9 819. 289 1.15379 No data
58 Cyclohexanone-D (¥4 L fi]-D) 108-94-1  CH,,0 1291.6  820.378 1. 454 90 No data
59 1-Octen-3-one(1-¥4-3-M])  4312-99-6 CH,0 1299.3 835.599  1.27196 No data
60 4-Methyl-2-pentanone 108-10-1 CH,0 1012.8  379.048 1. 171 58 Sweet, earthy aroma
(4- M1 JE-2- 1A
61 2, 3-Butanedione 431-03-8  C,HO, 986. 3 352. 628 1.168 93  Buttery, shortbread flavor

(2, 3-T )
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(5i1)
No. Type Component CAS Formula Re.tentlon Re.tentlon Bela.ttlve Aroma description
index time/s  drift time/ms
62 Methyl heptenone 110-93-0  CH,0 1341.4 927.930 1.17383 No data
(FEEBEIA )
63 Acetoin-M ( ZfE1H-M) 513-86-0 CHO, 1294.2  824.703  1.07158 No data
64 Acetoin-D(ZfHi4A-D) 513-86-0 C,HO, 1294.4 825.147 1.32846 No data
65 [ Ethyl isobutyrate 97-62~-1 CH,0, 955.9 331. 084 1.184 55 Sweet aroma, rubber flavor
(G TR ZTE)
66 Ethyl formate (F 2 Z 1) 109-94-4  C,HO, 838.7  248.139  1.20987 Fruit fragrance
67 Ethyl acetate-M(Z R ZHE-M)  141-78-6  C,H,0, 897. 1 289. 469 1. 120 86 Apple aroma, pineapple
aroma, rum flavor
68 Ethyl acetate-D(Z R Z§-D)  141-78-6  C,H,0, 894. 1 287.353 1.33373 Apple aroma, pineapple
aroma, rum flavor
69 Methyl hexanoate ( T2 H fig ) 106-70-7  C,H,0, 1194.8  660.232 1.287 41  Fruit fragrance, pineapple
fragrance
70 Butyl acetate-M ( Z, 1% T Hg-M) 123-86-4 (:6H1202 1080. 1 457. 434 1.23990 Fruit fragrance
71 Butyl acetate-D( ZFR T Bg-D) 123-86-4 CH,0, 1081.4  459.011 1.61511 Fruit fragrance
72 Methyl acetate( Z. 2 F g ) 79-20-9  C,HO, 859.5  262.825 1.18613 No data
73 i3 Acetic acid-M (i iz-M ) 64-19-7 C,H,0, 1524.4 1329.438 1.06042 Spicy flavor
74 Acetic acid-D (B fiz-D) 64-19-7 C2H402 1520.5 1320.938 1.16713 Spicy flavor
75 it Propane (A%t ) 123-38-6  C,H.O 833.3 244.271 1. 14425 No data
76 1, 1-Diethoxy ethane 105-57-7  CH,0, 901.5 292. 585 1.018 16 No data
(1, 1-—ZAHkLhE)
7 litS 2-Ethylpyrazine(2-Z3&MtWE)  13925-00-3 CHN, 1351.8  950.788  1.15118 No data
78 2, 6-Dimethylpyrazine 108-50-9 CeHGN,  1311.7 862. 812 1.13975 No data
(2, 6-—HIFEMEER)
79 2, 3-Dimethylpyrazine 5910-89-4 CH,N, 1344.1 933.867 1.10721 No data
(2, 3-ZHIJENLTE)
80 2, 5-Dimethylpyrazine 123-32-0  CH,N, 1307.9  854.360  1.106 14 No data
(2, 5-ZHIEME)
81 1¥K: g Furfural-M (P -M ) 98-01-1 CH,0, 1506.6 1290.402 1.08858 No data
82 Furfural-D (WKFRg-D ) 98-01-1 CH,0, 1508.4 1294.386 1.33215 No data
83 2-Pentyl furan(2-1%H5EWEm)  3777-69-3  C,H,0 1238.1 731.932 1.25029 No data
84 Ml Acrylonitrile (Y iF ) 107-13-1  C,H,N 1019.8 387.186  1.10197 No data
85 Dimethyl sulfide (1 JEfifik) — 75-18-3 C,HS 820.2 235.030 0.95773 Cabbage, sulfur
86 3-(Methylthio )-1-propene 10152-76-8  C,H,S 960. 8 334.576  1.042 06 No data
(3-(H B AL )-1-P9 )
87 Dimethyl disulfide 624-92-0  C,HS, 1077.0  453.795  1.13132 Cabbage, sulfur
(D)
88 H Limonene-M (Fr5:45-M) 138-86-3 C.H, 1200.0 668.848 1.21756 No data
89 Limonene-D (F7#5J#-D ) 138-86-3 CH, 1200.8 670.062 1.29989 No data
90 Gamma-terpinene (y-i i 4f) ~ 99-85-4  C,H,, 1249.2  750.318 1.20746 Refreshing, lemon and cit-
rus
91 B-Pinene-M (B-JR-M ) 127-91-3 CHe 1111.2  503.715 1.218 09 Pine fragrance, woody
92 B-Pinene-D(B-E4-D) 127-91-3 C,H, 1109.9  501.378 1.298 04 Pine fragrance, woody

M and D represent the monomer and dimer of this volatile component, respectively(M Fl D 43 B4R 31% 45 % P B4 1Y BTN — B8 44
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Fig. 4  Fingerprint profile of volatile components in different parts of R. chingii based on HS=GC~IMS analysis
FR: fruit; SP: spear; OS: old stem; LL: leaflet; OL: oldleaf; RO: root

2.4 PCA##h#1 OPLS-DA &1

PCA J&— PPV M4 AT 778, B B LS 2 AN EFRER o DB LE B 4ehn, HEE R4
GG IR FTF RN AT BL6 AN ERALAE S5 Y 92 P2 & P i s g R B E D A8 &, 5N SIMCA-
Pl4. 1 5 AFE3E1T PCA 434, & BRI i 2 4> 3 o B R TR R R°X 15 0. 993, MAIR FNEE J1 Q* ik
0.969, FHHFE M/ A RO TEAR N EZAT . H PCA B (BISA) T UL, EM- R ot
Z RS N SRR A ) S 8, S . R ERARFE AL N A )3 BRI, BEHASR . B . R
mn ) ZER K, MR | BEFRAE S M) 22 8, 5 b F 25 R —30. th PCA 247 1€ (5] 5B) H]
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FERVER S I BIRE-M . TEE-M. (E)-1-JMSEE, PC2 1EJ7 18] (DNAAFREH) 5 20 48 &k 40 T HE-M
LMRLWE-D . VIlE, U7 ) B A o AR . POARIE A 1-) K A%E-M
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[ 20 %6 B bRAS i) 25 b s, R s VIP 88 0 55k B 0 L sy, R EN BT A
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