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Abstract: Pu-er raw tea and green tea both belong to non-fermented teas and have similar processing techniques.
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However, there are significant differences in their aroma perception, and there is little in-depth exploration of the material
basis causing these flavor differences. Based on this, this study compared and analyzed the differences in volatile substanc-
es between 13 typical Lincang Pu-er raw tea samples and 2 popular traditional green tea samples using the headspace sol-
id-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) technique. The results showed
that a total of 593 volatile aroma components were detected in Lincang Pu-er raw tea, with 164 low-threshold compo-
nents, mainly esters, heterocyclic compounds, and terpenoids. The components with high contents included linalool, ter-
pinolene, @-ionone, etc. Among them, linalool had the highest content, with an average proportion as high as 23. 90%.
The main aroma types of the tea were floral, herbaceous, and fruity sweetness, supplemented by spicy and woody aro-
mas. A total of 142 low-threshold aroma components were detected in the green tea samples, 22 fewer than those in Lin-
cang Pu-er raw tea. Among the common aroma components of the two types of tea, 55 components had significant differ-
ences in content. In Lincang Pu-er raw tea, 39 components with a-terpineol as the main component had higher contents,
while in green tea, 16 components with (Z) -hex-3-enyl hexanoate as the main component had higher contents. In addi-
tion, the Lincang Pu-er raw tea contained 29 unique components such as dehydro linalool, while the traditional green tea
contained 17 unique components, including (E)-2-undecenal. In this study, Lincang Pu-er raw tea had richer aroma lay-
ers and a more mellow character compared with green tea, which was mainly attributed to its higher types, contents, and
aroma activity values of key aroma components. Among them, a-terpineol (woody aroma), 3-octen-1-ol (fruity sweet
aroma) , B-ionone (floral aroma) , and dihydroactinidiolide (herbaceous aroma) might be the core substances contributing
to the aroma differences between the two. The results of this study provide a theoretical basis for the formation and trans-
formation of aroma components in Lincang Pu-er raw tea and the flavor improvement techniques of related tea products,
which helps to promote the high-quality development of the Pu-er tea industry in Lincang City.
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Figure 1 Proportion of various aroma components and the aroma wheel in Lincang Pu-er raw tea samples
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Table 1 Table of main volatile aroma components in Lincang Pu-er raw tea samples

Y —% 0y ASE/

S/ AT

e AT £ B CAS (me-kg ) (kg ) /% OAV {H
1 CoH N,O 5t i 78-70-6 i 2 0.006 14.848 220.8255  23.90 2474.71
2 CyuHyp W A T 97 586-62-9 (eSS 0.200 9.866 143.706 0 13.31 49.33
3 CpH,O B8 22 79-77-6 [0S 0.000 2 7.342843.0747  8.63  36714.21
4 CH0, K A W H T 119-36-8 i % 0.040 4.23314+2.3539  5.06 105.83
5  CuHwO,  “EUBRMEME M s 17092-92-1 s 0.002 1 3.1814+14871  3.86 1514.97
6 CH,0 (— ) 1197-06-4 (s 0.250 3.057 3+0.2895  4.42 12.23
7 CH,;0 -3 3391-86-4 fisi 2k 0.001 2.976 64+1.7284  4.11 2976.64




460 - K — 5 45 LT HS-SPME-GC-MS Ry v 3 T 4 2% 5L S R & K2 H o
G =T V. AT A B [
FE AT S cas PR ;‘% ibgiﬂf{)/ Tnzlf‘;)/ PO oavin
8 CoHO oSl 98-55-5 i 28 0.300 2.9148+1.1168  3.82 9.72
Mi-A, A-5-= H 3k~
9 CoH:O, 52 M3 DU S Ak mk 5989-33-3 RIEY 0.320 2.90594+0.8197  3.85 9.08
T -2~ F 52
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18 C,Hy () Fr Bt 5989-27-5 it 2% 0.034 1.921340.8407  2.68 56.51
19 CH;0, TR g 122-79-2 5 0.200 1.727140.6909  2.59 8.64
20 CyH, % 91-20-3 I 0.050 1.512340.7244  2.03 30.25
21 CH.0, 3PP 4R B3 R 591-31-1 JE 25 0.181 1.4134+0.781 1.99 7.81
22 CHLO 2K 60-12-8 e 0.140 1.1712+0.5109  1.59 8.37
23 CH,0, 5;%(?;%;;@; 698-10-2 LAY 0.000002  1.154240.1163  1.66 577 114.67
24 Cy,Hy0, Z%Z;%TM S 27625-35-0 g 0.140 1.148 3405259  1.70 8.2
25 CH,0 ;ﬁ’]Z’G:Eﬁ%%a 2408-37-9  FH% 0.000 1 11121405211 1.50 1112092
26 CuHy w3 127-91-3 ik 0.140 1.014 6+0.426 3 1.46 7.25
27 C,H0, pegelEN ) 90-05-1 fip 2 0.001 6 0.9658+0.6668  1.42 603.64
28 CuH.,0 2,4 T R 96-76-4 ip 2 0.500 0.946 340.5167  1.37 1.89
29 CH,L0 a-F 32K 98-85-1 P2 0.479 0.826 1+0.3207  1.29 1.72
30 CH,0 4 L3 TR M2 141-79-7 [FEES 0.200 0.7889+0.4036  0.94 3.94
31 CoHO R 106-24-1 [IES 0.006 6 0.779+0.181 2 0.99 118.03
32 C.H, gf’/&%ip%%l’?” 3338554 % 0.034 0.7474%0.2347 0.9 21.98
33 C,H,O A B- AP R 116-26-7 i 2 0.003 0.7153+0.2725  0.88 238.43
34 CH,O 273 ke 1 il 3777-69-3 A EY 0.006 0.6243+0.1424  0.86 104.06
35 CH,0 F 2 P 47 T 110-93-0 il 25 0.050 0.576 60.2229  0.80 11.53
36 CHO I 122-78-1 (LS 0.006 3 0.438040.1305  0.62 69.53
37 CHOS  2-ZWiknEmy 88-15-3 RILEY 0.001 0.43704+0.1687  0.59 436.96
38 CyHy JERE R 123-35-3 i 2 0.015 0.42854+0.2275  0.67 28.57
39 C.H.S, ;2}513;% 5616513 ZeIRALAY 0.020 0.4117+0.16 0.51 20.59
40 CiHyS, Yy TSE St 7} 2179-57-9 THALEY 1.000 0.370 24-0.113 0.50 0.37
41 C.H, L= 6= ssiss e 5k 0.002 5 0.3314+£0.1593  0.48 132.58
3-8
42 C,H,0 A Ji A v 2244-16-8 ik 0.010 0.3089+0.0318  0.44 30.89
43 CH, O FrEEmE 5392-40-5 % 0.100 0.289140.0753  0.40 2.89
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3% He-3-F k-1 .

48  C.H,0S TI;;;: 34300-94-2  EE 0.004 0.258 3+0.139 0.36 64.57
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51 C,H,O H B 112-53-8 P 2k 1.000 0.2339+0.0855  0.31 0.23
- 3-4-(1-H 32

52 C,Hp " o (-2 1195-32-0 pig 0.085 0.2227+0.1133  0.31 2.62
I 3 )R

53 C,H,0 2% 112-30-1 =2 0.023 0.222 6+ 0.0684  0.30 9.68
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e 9+ — B2 -
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57 C,H,;0 (E)-2-T-J s 18829-56-6 WK 0.000 08 0.240.063 8 0.29 2500.18

58  C,H;0 S ik 124-76-5 [P 0.008 5 0.197 34+0.073 5 0.29 23.21

59 CyHx0, CfR T 626-82-4 fik 2 0.700 0.1954+0.085 3 0.29 0.28

60  CyH,,0 5~ KL-2- -4 102322-83-8 M2k 0.000 05 0.192 9+0.079 9 0.29 3 858.07
3-F g HL-2,5-— 1

61  C.H,N,O o 7 19846-22-1 2@ ik&4% 0.000 1 0.191 240.103 5 0.24 1911.87
Ji b
2,6,6-= I JE-2-Ff

62  C,H,,0, 1125-21-9 LGB 0.025 0.186 740.028 9 0.27 7.47
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63  C.H,0 3-H HL-1-T 123-51-3 =8 0.004 0.169 9+0.038 9 0.26 4247
2,3,5,6-0 H 5

64  C¢HuLN, ok 1124-11-4 RIEEY 1.000 0.166 740.079 5 0.24 0.17

65 CLH,0, (Z)-C-3-C %5 31501-11-8  fig3% 0.781 0.164 3+0.1358 0.20 0.21
5-(fp T H)-2,3-—H

66 C,HiN, O%;:ﬂﬁ ) 32263-00-6  Z<¥ALAH 0.680 0.158 1+0.075 8 0.22 0.23

67  CH,O R 111-71-7 S 0.002 8 0.1554+0.068 6 0.24 55.51

68  C,H,O 1-PifE 111-70-6 =83 0.003 0.1524+0.047 7 0.20 50.81

69  CjH,0O, M -4-ZKERH A 7367-83-1 fig 0.003 0.150 740.071 1 0.21 50.22

70 CpHuN + g 2437-25-4 SARAAAY 0.00009 0.144 3+0.064 8 0.19 1603.71
(E)-3,7-— W -2, 6- ,

71 C,H,O *)4 - 141-27-5 i 2% 0.028 0.143940.046 5 0.21 5.14
3 R

72 C,H,0 PO EE = Y| 122-00-9 [EES 0.021 0.143 2+0.061 7 0.17 6.82
FH ik -3-% JL -3 3L

73 CHLO0,.S . s 50746-10-6 Mg 0.000 002 0.142 3+0.079 2 0.20  71135.25

H

74 CH.NS 7% I g 95-16-9 ZRIAL A 0.080 0.142 240.123 6 0.19 1.78

75 C,H,0, B iR 111-14-8 2 0.640 0.139 140.041 0.19 0.22

76 C,HyO Ty 2 2216-51-5 i & 0.900 0.138 540.047 1 0.20 0.15

77 CH,0 E-2-F Wi BE 2548-87-0 S 0.003 0.1384+0.054 0.21 45.99

78 C,Hy 1,2,4-= R HEH 95-63-6 g 0.260 0.136 6+0.074 7 0.17 0.53

79 C,H0, STMR2FITE 2445694 LS 0.014 0.130 4+0.035 3 0.20 9.31




462 K — 5 45 LT HS-SPME-GC-MS Ry v 3 T 4 2% 5L S R & K2 H o
G =T V. AT A B [
ARk cas P T e kg e OAVE
80  C,H, 1,2,4,5- U3 95932 F5 0.087 0.127 64-0.045 0.19 1.47
81  C;H,O Ay 108-95-2 eSS 0.03 0.11840.026 5 0.15 3.93
82  C.HLO 33 W5 -2l 1669-44-9 il 25 0.000 03 0.112 14+0.054 1 0.18 3738.30
83  CyHy [ — 108-38-3 IR 1.000 0.11240.052 0.15 0.11
84  CH,0, K2 CHERZHER 27829-72-7 Mgk 0.140 0.111 6+0.0456 0.17 0.80
85  C,H,y 1-H 32 90-12-0 e 0.008 0.105 940.095 1 0.14 13.24
86  C,H,0 A=A 108-94-1 Fifi 25 0.880 0.105 74-0.047 4 0.16 0.12
87  C,H,,0 2-T- B 628-99-9 P 0.058 0.105 34-0.060 1 0.15 1.82
88  CyH,0, BRI 2198-61-0 (&S 0.320 0.10240.110 5 0.17 0.32
89 CuHLO ?;i;:%qﬂ B2 sises1s AEkam 0080 0.1008+0.0569  0.13 1.26
90  C,H,0 (E)-2-TFhi-1-1% 31502-14-4  MmE 0.209 0.100 34-0.034 1 0.15 0.48
91  C.Hq EYN 100-42-5 % 0.003 6 0.097 840.032 8 0.14 27.18
92 C,H,0, 2-HURE T MR 5 T iR 2445-67-2 FES 0.043 0.094 640.035 9 0.15 2.20
93 C,Hy (4 o TE N 7785-70-8 i 2% 0.005 3 0.093 540.035 5 0.13 17.64
94  C.H, IR 92-52-4 I 0.003 3 0.093 44-0.046 6 0.13 28.30
05 CHN, fﬁﬁ&;f%m 23747480 AFFLEH 0.050 0.09240.0514 013 184
96  CuH,0 HHJk o5 % 2 i) 79-69-6 (&S 0.002 0.090 540.013 6 0.11 45.24
97  CH,OS  3Fik-1-Om 51755-83-0 Wik 0.000 06 0.087 240.042 7 0.11 1453.96
98  CeHgN,O  ZTEnL 22047-25-2  ZHALEY 0.010 0.086 740.040 5 0.12 8.67
99  C,H,,0, ;Zg?qﬂﬁ%% 2785-89-9 iy & 0.033 0.086 140.044 1 0.11 2.61
100 C,HO, ;F;JZ%’Z(SH)%"@ 2407-43-4  ZeIALAY 0.009 7 0.0837+0.0358  0.11 8.63
101 CpH,O,  “ECKFAEIRR P 24851-98-7 Mgk 0.013 0.083240.041 7 0.12 6.40
102 CgH,0; IO R O T 2305-25-1 [HiES 0.045 0.081 740.034 0.13 1.81
103 C,H,,0 4 HEH 4748-78-1 e 0.123 23 0.080 740.040 8 0.10 0.65
104 CyH, U 3856-25-5 i 2 0.006 0.079 440.036 1 0.11 13.23
105  C,H;0, L TR PER 112-06-1 fik 3 0.420 0.079 14+0.034 0.13 0.19
106 C,H,S, TLEE T REE 110-81-6 HHALE Y 0.000007 2 0.075 340.026 4 0.11  10455.01
107 CyH,0,  2-H T IR 2601-13-0 fifi 2k 0.032 0.071 640.014 0.11 2.24
(4R, 5R)-5-T 3-4-
108 C,H,0, L A g -2 55013-32-6  Z&WLAY 0.035 0.070 54£0.026 1 0.10 2.01
(3H)-fili
109 CuH,0, g;a&ﬁgﬁ@ 25152-85-6 gk 0.500 0.069 340.029 4 0.10 0.14
H
110 C,H,0 NG 70786-44-6  ZRHLAY 0.030 0.068 140.030 8 0.10 2.27
111 C,H,0 | — e P 112-42-5 P 0.050 0.065 140.023 2 0.09 1.30
112 CHpO -4~ B s 6728-31-0 [FES 0.000 025 0.06440.027 2 0.10 2 559.77
113 CyH\N 3 3L~ 1H-05] 83-34-1 RAALAE Y 0.000 41 0.063 940.030 5 0.09 155.88
114  C4H,0 23 -1 18409-17-1 MWk 0.020 0.062 940.023 5 0.10 3.14
115 CoH,0, 5 GHR S T B 589-59-3 fif 2k 0.034 0.06240.024 9 0.09 1.82
116 C,Hy,N, 2-ZE-3-H LML E 15707-23-0  Z2ERARAW 0.240 0.060 74£0.028 5 0.10 0.25
17 ey, 2P TEEIIE ess0i0 ASRA 0000031 00501400002 0.07 190776
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3= 4 C R CAS OAV
T TR i S (mgekg ") (mgekg™") S/ % &
118  C,H,O, 4B W 2 84-66-2 fig 0.330 0.058 94-0.071 1 0.08 0.18
119  CH,,0 O 111-27-3 =2 0.005 6 0.057 4+0.018 2 0.09 10.24
120 C,H,,0 +— A 112-45-8 s 0.003 5 0.056 6+0.0259 0.08 16.18
121 C,H,0 S A R 40716-66-3 WK 0.250 0.05640.029 4 0.08 0.22
2-HEH 42 R
122 C,H,0, %mﬂ g 7786-61-0 FHiE 0.003 0.054 4+0.020 5 0.07 18.12
DY 61N HE-2H
123 C¢H,,0, uf; i - 698-76-0 LAY 0.420 0.054 2+0.018 9 0.08 0.13
g 2l
5T 3L A 4R 3
124 C.H,0, 2(3H)7;u%ﬂﬂ - 39212-23-2 LG 0.075 0.053 8+0.018 2 0.07 0.72
125 C;H,0 + = e 10486-19-8 [ 0.070 0.05340.008 5 0.08 0.76
126 C,H,0 -+ — s 2463-77-6 S 0.010 0.052 5+0.021 2 0.08 5.25
127  C;H,O 3-F JE-2- T 107-86-8 S 0.000 5 0.047 8+0.018 3 0.06 95.67
128 C,H,0 Tl 143-08-8 =2 0.005 3 0.046 74£0.014 1 0.07 8.81
129 C4H,0, 3-H LN R T R 557-00-6 FES 0.008 7 0.040 6+0.018 1 0.06 4.66
N 0.000 000 1914 098.6
130 CH,S 1% o 45 -8 it 71159905 FHALEY 02 0.0383+0.0202  0.05 r
Il
131 C,H,,0 2,45 T 25152-845 MR 0.000 07 0.037 6+0.0135 0.06 537.22
132 C,HNO, 4R 32 g W iR 134-20-3 fik 2 0.003 0.0351+0.0139 0.05 11.69
2,6- " H3-2,4,6-
133 C,Hy -k 673-84-7 % 0.034 0.034 940.009 0.05 1.03
134 C,H,O 2-+ Z J il 6175-49-1 i & 0.042 0.034 240.020 1 0.05 0.81
135 Cy,H,0,  ZWRFTR 112-14-1 Mg 0.140 0.034 240.006 8 0.05 0.24
136 C,H,O 30K J-2- TN i 104-55-2 S 0.024 0.031 9+0.010 3 0.04 1.33
137 CuH,0, S TWmREMHE 2345-26-8 Mgk 0.013 0.029 2+0.01 0.04 2.25
2,5- I 3E-3-2, 3t
138 C¢HuN, ok 13360-65-1  Z<¥ 5% 0.008 6 0.028 44-0.008 6 0.04 3.3
139 C,H,,0 -2, 6-T- 4 557-48-2 1 2K 0.000 01 0.027 9£+0.011 8 0.04 2794.56
140 C,H,,0 Tl 7 104-46-1 IR 0.015 0.027 840.019 6 0.04 1.85
141 CH,0, B i P T 106-73-0 fik 2 0.004 0.025 8+0.004 5 0.03 6.45
142 C,H,, a VLW M 502-61-4 [ 0.087 0.023 6+0.012 3 0.04 0.27
3T F S R Ik g -
143 C,H,0, 1(3;)% 6066-49-5  Z«IfLE&H 0.010 0.0235+0.012 1 0.04 2.35
144 C,H,0, 2- KL R 2T 104-62-1 fig 0.270 0.018 740.008 1 0.02 0.07
145  CgH,0 2-3 i 123-96-6 Jiz g 0.0715 0.018 6+0.0109 0.03 0.26
146  C,Hp,O, T&FMW 97-53-0 fip 2 0.002 5 0.018 14-0.009 5 0.03 7.25
2- W 4 e -6-FF -l
147  C4H:N,O " " - 2882-21-5 LG W 0.017 0.016 3+0.004 9 0.02 0.96
148  C,H,0 2- P 110-43-0 B 2 0.650 0.015 740.005 4 0.03 0.02
149  C.H,0, c & W R 106-70-7 IFES 0.070 0.015 340.011 0.02 0.22
150  C,H,0 4-57 TR R 122-03-2 [ 0.400 0.015 2+0.007 2 0.02 0.04
5-7, 32, 4-— B 3t
151  C,H,NS l‘];%L - 38205-61-7  Z2 L& #  0.000 09 0.015140.004 9 0.02 167.63
152 C,H,0, FEIR 2. Tig 106-30-9 FES 0.002 0.014 84+0.002 9 0.02 7.4
153 CH,NO,  (2-fi3)H 25 6125-24-2  F© 0.002 0.014 6+0.008 2 0.02 7.31
154  C¢H,,0 3-3 i 106-68-3 [EES 0.001 3 0.0139+0.0077  0.02 10.70
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YR —%0 HRIEME/ B/ S H A
= 4 ‘ 8 CAS OAV
T SRS # 2% (mgekg™") (mgekg ') HE/ % &
155  C.H,,0, VN P 628-63-7 fig 0.080 0.011940.0031  0.02 0.15
156  C,H,,0 1, 4-F B} ik 470-67-7 i 24 1.000 0.011540.0114  0.02 0.01
157 CoH,;0, 5 iR F e 111-11-5 fif 2k 0.200 0.01034+0.0106  0.01 0.05
158 CHy RN 593-45-3 Ve 0.020 0.009 64+0.012 0.01 0.48
159 C.H,0, 4P AR R PR R 123-11-5 S 0.000 2 0.008 6+0.0045  0.01 42.80
160  C,,H,,0 4-HEFL-2- T 2344-70-9 %K 0.004 3 0.008 2--0.0045  0.01 1.90
161  CpH,O, - RELET AR 103-52-6 (ES 0.376 0 0.007 34+0.005 0.01 0.02
S5-I -4 F - .

162 C,H,NS " = 1759-28-0  ZRI LA 0.3000 0.007 14+0.0021  0.01 0.02
163 C4HyN, 2,3~ B Bk 5910-89-4  Z¥{LA&W 0.1000 0.00740.004 6 0.01 0.07
164  C,H,0, PR EHE 120-51-4 S 0.341 0 0.006 740.0019  0.01 0.02
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Figure 2 Comparison contour diagram and common component content ratio of aroma components between Lincang
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Figure 3 Ratio chart of main aroma component content differences between Lincang Pu-er raw tea and green tea samples
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Table 2 Table of specific volatile aroma components in Pu-er raw tea and green tea samples

A2 LA 45 R W — 852 X 24 TP AR X 5/ %% OAV {4
E-2-2F I [l 0.21 0.02
a-12: e M it 0.04 0.27
BRI T TR S 0.01 0.02
A ke (=S 0.31 0.23
1-pEfs [l 0.20 50.81
5-2, F-2(5H )1k g fil RIE Y 0.11 8.63
23 - 1B 8 0.10 3.14
3FEIL-2- TN T 2 0.04 1.33
1] 5 945 -8~ it sy 0.05 1914 098.65
3-FH 5k -2-(3- Y Je-2-"T 44 ik )k mgg HIE Y 0.13 1.26
33 il i 28 0.02 10.70
33 -2 i 2% 0.18 3738.30
5-HH 2 -2-F -4 il 2 0.29 3 858.07

2 Lmi&ﬂ%# %%Wtﬁ% 0.12 8.67
3-H AR R i 2K 1.99 7.81
W2 R TR FES 0.01 0.02
T S 0.03 7.25
2RI R 2 TR [EES 0.02 0.07
2-H T 5L O MR R Mis 2 0.11 2.24
R W iR fir 2 0.02 0.22
JIh S 0 A i3S 2.64 19.52
3-HI H-1H-] RIAE W) 0.09 155.88
R 5 I e fis 2k 0.17 0.32
g S 0.15 18.12
4-ZHe-2- WA LR 1 2 0.11 2.61
2,3~ H FEnmk vk RIE Y 0.01 0.07
2-£ KE-5-H Rt gk LAY 0.35 15.64
5 F-2, 4T W g RILEY 0.02 167.63
3-H 1R B -3 3 i P2k 0.04 0.15
4-(1-F B I3 )13 S -1 R (88 0.09 2.30
(E)-2-+ — i i [[E 0.05 49.10

ET P/ 3RINR B B2k 0.01 0.04
a G VT i i 2 0.05 0.25
Al A H R [iveS 0.03 0.07
2,6- 32 PR 0.01 0.61

(R A A R 2 3K 29 B, 4 2 A I AR U B
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1-%F & #5 -8- R BE 19 OAV {E M =, 35 1 914 098. 65
AL Z ) BT — R ZL 2 B R A B
B SRR 0 B AL A R H— AR A S —
P A G R . 3-2F 4% -2-B OAV Ak 3 738. 30
AN HA, 5T JE-2- B -4-F OAV {2 3 858. 07/~
B, OAV {H )% HL & B m] 0, ) A 25 o 5 05 28 2%
P — Bl R IR 1 SR o X B 0 A A R RE
JE A AR X TR R H RN AL . B
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