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Abstract: To explore the differences of aroma components of mulberry leaf tea from different raw materials
using headspace solid-phase microextraction gas chromatography mass spectrometry (HS-SPME-GC-MS) and gas
chromatography-ion mobility spectrometry (GC-IMS) combined with partial least squares discriminant analysis (PLS-DA).
The aroma components of five different mulberry leaf teas, including spring shoots, buds, one bud and one leaf, tender leaves,
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and mature leaves were analyzed. The results showed that 25 volatile components were identified by GC-MS, whereas 62

volatile components were identified by GC-IMS, respectively. Through PLS-DA, clear differences between different mulberry

leaf teas made of spring shoots, buds, one bud and one leaf, tender leaves, and mature leaves were identified. The variable

importance in projection (VIP) of predictors was calculated, and 17 characteristic aroma components were screened: Cedrol,

(z)-5-Tridecene, 2-Pentylfuran, 2-6-Dimethylcyclohexanol, Benzoyl isothiocyanate, Phenylacetaldehyde, Octanol, 1-Heptene,

2-Butanone, 2-Heptanone, Methyl acetate, Acetic acid, 2-Hexenal, Ethyl acetate, Methional, 2-Hexanone, and 3-Hydroxy-2-

butanone. These characteristic aroma substances mainly present sensory characteristics such as fruit, soybean, butter, spicy,

wood incense, and nuts. This study provides support for the selection of mulberry leaf tea raw materials.
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Table 1 GC-MS identification results of aroma components of different mulberry leaf teas

S 42 en . o . . HAxFBF %
g oREn b 34 4 KL A SFR BEHE
% [%/min SS Bud BL TL ML
1 503 EE S Toluene C.H, KEok, #vk 477 478 479 458 433
2 575 TE Hexanal CH,0 2%, F¥Fvk 331 284 255 228 210
3 7.8 TR Ethylbenzene CH,, 24 310 3.6 3.12 3.06 3.06
2 | 1-Cycloocten-5-
4 749 1- RF W -5- b CHy, 14.62 1494 1549 1529 15.08
ynea(z)_
5 806 EX Styrene CeH, 1§ W A 578 614 591 571 542
6 811 xt = %R p-Xylene CHy, WA 1039 1021 10.15 10.01 9.93
7 862 2,5- =¥ At Pyrazine2,5-dimethyl-  CJHN, M)A, RZ& 000 042 058 090 1.27
8 996 ARYFBLASFAFFET Benzoyl isothiocyanate CgHNOS 473 i A 2.68 266 268 258 2.63
9 10.76 2- E Rk Furan,2-pentyl- C,H,,0 %a, ¥ 257 254 262 246 236
10 11.07 FEE Octanal C:H,,0 Hok 207 230 229 324 299
11 1178 1- B M 1-Heptene CH, B% 23.86 2291 22.69 2224 2227
12 122 RTEE Benzeneacetaldehyde C,H;O A, WA 0.00 0.00 0.00 0.18 0.40
22- Wik 34 3,4-Octadiene,
13 12.89 P > 2-dimethyl. CioHyg / 229 222 215 205 216
14 13.73 =S Nonanal CH O  #F, B3A 494 502 486 480 4.65
15 13.89 2,6- —W AR TE Cyclohexanol, CH,0 / 096 106 1.07 125 135
: ’ = 2,6-dimethyl- g6 : : : : :
16 16.03 L-o- A B L-a-Terpineol CoHO #A. ¥T4& 107 098 126 137 142
3- Tk -4- ¥ -k 1H-Pyrrole-2,5-dione,3-
17 17.18 % 25 5 othyl-4-methyl- C,H,NO, / 0.00 0.0 021 036 0.60
18 22.02 (2)-5-+ =% (Z)-5-Tridecene C3Hy 079 0.79 0.80 0.86 0.90
2- Wik - AER -3- Propanoic acid,2-
19 2241 #4224 ZF4  methyl-3-hydroxy2,2.4-  C,,H,,0; / 144 143 142 138 139
SR I B trimethylpentyl ester
20 23.36 ¥rti Longifolene CysH,, A HH 286 2.85 265 255 248
21 25.13 B- % B trans-S-Tonone C,;H,,0 wF 2 262 252 247 241 250
. o Phenol, 2,6-bis(1,1-
22 2557  2,6- =R THAEE dimethylethyl). C,,H,,0 / 3.06  3.07 295 286 280
2(4H)-
— = ST, Benzofuranone,5,6,7,7a- P =
232602  ZABREHLK BES C,H,0, #a%, B& 246 254 277 282 3.15
tetrahydro-4,4,7a-
trimethyl-,(R)-
2 2689 23 F-timcEs  Nona-23-dienoicacid, . g o / 150 150 147 141 144
ethyl ester
25 2723 g N Cedrol C,sH,0 A&, ¥4 286 312 305 332 328
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Table 2 GC-IMS identification results of aroma components of different mulberry leaf teas

& N . . At 4% /%
TR bxem Exed TR AEHE
o RS SS Bud  BL TL ML
1 33004 2 T 2Hexenal M C,H,0 070 061 061 061 0.63
wmEE, M=
2 33323 2 TR 2-HexenalD  C.H,,0 085 071 069 083 1.04
3 26736 - T l-hexanal D CH,O &Mk, 3% 306 268 269 259 244
4 38520 2- A 2-Heptanone M C,H,,0 218 223 227 226 215
dyiy
5 382.10 2- J I 2-Heptanone D CH,,0 4.57 3.48 3.17 297 2.68
6 389.19 s Heptanal D CHWO s peps s, 217 226 229 227 222
7 390.08 e Heptanal M C,H,,0 BR 014 019 020 021 027
8 367.48 I- oE l-Hexanol M C.H,,0 132 137 139 138 133
9 36748 I- TE l-Hexanol D C.H,,0 040 033 031 030 028
10 269.58 B Hexanal M CH,0 ZfEvk, HHek 0.88 1.04  1.11 112 1.16
11 23856 1- B IPentanol M CHLO  spe om smp. 076 085 088 086 08I
12 239.89 1- B |-Pentanol D CH,0 Tk BE 200 173 166 159 146
A=, E
13 190.94 R Pentanal cho0 o ;f”i;f%’ 128 132 131 129 125
A —. | ¥ e T
14 16777 2-WATE  2-methyl Buanal CJH,0 “ ; Ti?% 245 265 278 288 2.64
15 50451 PR Benzaldehyde M CHO 3y ro pyp g 127 136 142 147 145
16 505.23 ER L Benzaldehyde D C,H0 P ZF HHB 00 119 126 135 133
17 140.07 2- THR 2-Butanone C,H;O0 KR A 8.52 8.56 8.11 8.01 7.56
18 585.17 CHCE  Ethylhexanoate M CHO, sm g2y 170 181 181 182 180
19 586.18 TE B Ethylhexanoate D CH,0, TAAR EF 589 096 095 095 096
20 66276  2- Tk -1- T 2-Ethyl-l-hexanol D C,H,,0 097 117 119 120 129
3, oL
21 659.54  2- Tk -1- LB 2-Fthyl-l-hexanolM  C,H,,O 203 237 244 245 254
2 427.93 TR Methional M C,H,08 136 132 130 133 147
Aawtre, kK&
23 427.93 W L 7 B Methional D C,H,08S 124 143 150 143 135
24 609.64 T Hexanoicacid M CHLO,  ypms  3n 101 074 067 060 055
S N
25 60634 T Hexanoic acid D C,H,,0, Fik, B 026 019 019 017 0.16
26 23176 AX -2- KfEEE  (E)-2-Pentenal M C,H,0 . 041 045 046 048 052
wiE, HF
27 23176 AKX -2- AfkE  (E)2-Pentenal D C,H,O 083 072 070 072 093
28 15130 Tk Aceticacid D GHO, g 155 156 158 155 167
29 15345 T AceticacidM  C,H,0, Fok, 192 254 289 297 3.08
30 258.14 2 T 2-Hexanone M C.H,,0 . 042 034 032 030 027
FiR, R
31 259.27 2- T 2-Hexanone D C,H,,0 128 089 075 066 058
AX 24- &= (EE)24- -
32 62081 o Hoptodional  CHWO B, 043 048 052 049 0.60
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gx2
@ ‘ ‘ - Faxt 4 /%
N Ty RxLH TR AEHE
o HEs SS Bud  BL TL ML
e (E,E)-2,4-
33078181 24-Fghm T GHLO ) 062 077 090 1.03 099
(E,E)-2,4 FE
3477834 24-F gm0 GHLO 0.12 014 018 022 020
35 573.00  2- EAJEckUH 2-Pentylfuran C,H,O %a, % 1.75 130 120 112 1.02
36 497.10  (E)-2- RSB (E)-2-Heptenal D C,H,,0 i 009 011 011 011 011
‘ . AR
37 49574  (E)-2- RYEE  (E)-2-Heptenal M C,H,,0 045 049 048 049 046
38 284.51 LEATBS Butyl acetate M C,H,,0, 025 028 030 031 029
ARV, ARAE
39 284.51 LEATES Butyl acetate D C4H,,0, 023 023 024 023 021
40 433.57 T T S He’rnlo‘c acid 0y o, ‘ 042 028 023 020 0.18
methyl ester D KR, FHA
. . agﬂ'vjﬁ
e Hexanoic acid
41 433.93 B B methyl sstor M CHO: 075 056 049 046 046
42 409.07 BB THE  Butyl propanateM  C,H,,0, 069 074 076 076 0.70
¥R, ¥
43 40835 AETHE  Butyl propanoate D C,H,,0, 031 033 035 035 031
44 762.87 AR Linalool M C,oH,0 - 0.16 013 015 015 0.14
L 4%
45 75973 SR Linalool D C,,H,0 068 058 063 064 059
2- THEHA -3,5- 2-Ethyl-3,5-
46 725.18 o hoh dimethylpymame M CoHiN: 028 028 031 033 040
BRAE
2- T 3,5 2-Fthyl-3,5-
47 72675 P hoh dimehybyramen  CHiN: 003 003 004 004 0.05
48 55136 1-FH 3-8 1OctendolD  CHO gz i 019 014 012 011 011
49 54951  1-¥H 3-8 1-Octen-3-olM  C.H,O R, WA 1.46 115 110 105 098
L 5-Hepten-2-one, MAG, BIE, AR,
50 563.09 LEY 3 6oty CH,,0 i 090 078 077 080 0.79
51 425.65 1 1 / / 055 047 044 046 072
52 368.65 2 2 / / 1.95 199 201 199 194
53 188.88  3-#gh - TH| A Dutanone, CHO, #ih, 4k, #1730 1868 19.00 19.05 19.42
3-hydroxy-
R g2
54 153.59 LB LS Ethyl Acetate ~ C,H,0, ~ %‘é’g]’i’&’ 2.18 175 152 143 146
55 147.82 2- THEE 2-Butanol C,H,,0 A, AE 095 093 087 086 1.09

56 129.87 23-T=F  23-Butanedione C,H, &b, 45, B& 147 154 150 152 149

57 124.07 cE g oo Z‘s:ti:rmethyl cHo, T ﬁfu&’ 219 194 175 183 172
58  118.99 A Propanal C,H,0 A, Fik 0.98 085 077 076 078
59 112.92 3 3 / 087 095 091 090 1.10
60 11227 X Ethanol C,H,0 10690 1134 1180 1190 12.02
61 142,95 T Butanal CHO &#, %6&, ¥ 128 138 135 137 141
62 321.32 4 4 / / 028 029 032 037 037

E: MREHE M. DR P S F AR AR AR, R % AR,
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Fig.5 Fingerprint of aroma components in different mulberry leaf teas
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