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Identification of Malus toringoides (Rehd.) Hughes Teas with Different
Processes Based on E-nose and GC-MS
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(1.Sichuan Tourism University, Chengdu 610100, China;
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Abstract: The volatile substances among Malus toringoides (Rehd.) Hughes black tea, green tea and Kang brick tea were
detected by electronic nose (E-nose), trap head space-gas chromatography-mass spectrometry (HS Trap GC-MS) and the
differences of the volatile substances were analyzed by orthogonal partial least squares discriminant analysis (OPLS-DA),
relative odor activity value (ROAV) and differential thermography in order to explore the odor differences of Malus
toringoides (Rehd.) Hughes teas with three different processes. Result showed that E-nose could effectively distinguish
three kinds of Malus toringoides (Rehd.) Hughes teas, and the prediction ability of the model established by E-nose
combined with OPLS-DA was 95.70%. GC-MS analysis showed that aldehydes, esters and hydrocarbons were the main
volatile substances, while alcohols were the main common volatile substances of black tea and green tea. The differences in
the contents of aldehydes, esters, hydrocarbons and alcohols account for the variations in the aroma of Malus toringoides
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(Rehd.) Hughes teas produced by different processes. ROAV value combined with aroma type analysis showed that the

volatile components of fruit aroma had a relatively large contribution to the formation of the odor of Malus toringoides

(Rehd.). Isovaleraldehyde might be the key aroma substance to Malus toringoides (Rehd.) Hughes teas. Differential

thermogram analysis showed that trimethoxyester, isovaleraldehyde and 2-ethylfuran were the main common volatile

substances in Malus toringoides (Rehd.) Hughes teas.

Key words: Malus toringoides (Rehd.) Hughes tea; different processes; gas chromatography-mass spectrometry (GC-MS);

E-nose; orthogonal partial least squares discriminant analysis (OPLS-DA); relative odor activity value (ROAV); differential

thermogram
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Table 1 Sample information
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Table 2 Response value of Malus toringoides (Rehd.) Hughes tea electronic nose sensor in different processes

Rl PERE 2I55(A) 55(B) MBS (C) P-value VIP
LY2/LG Xof S 4K R T i 1 AR R 0.056+0.004 0.052+0.004 0.0310.005 0.309 1.018
LY2/G XA #E AR U ~0.100:£0.004 —0.0730.004 ~0.041+0.003 0.064 0.899
LY2/AA XA LA B U -0.018+0.003 —0.027+0.003 -0.015+0.002 0.356 1.929
LY2/Gh A AR ~0.060+0.003 —0.043+0.003 -0.020+0.005 0.122 0915
LY2/gCTI1 XA B AU —0.088+0.004 —0.064+0.004 —0.036+0.002 0.04 0.899
LY2/gCT X SR AU —0.061+0.004 —0.035+0.002 —0.026+0.004 0.224 0.941
T30/1 XA PR Ak A o ek 0.886+0.005 0.78120.015 0.665+0.009 0.021 0.896
P10/1 xR AL A P iUk 0.824+0.013 0.717+0.017 0.628+0.009 0.026 0.903
P10/2 PUEI QRN U 0.785+0.013 0.698+0.014 0.621+0.011 0.038 0.898
P40/1 AR RE R I AU 0.788+0.017 0.677+0.020 0.583+0.008 0.034 0.901
T70/2 X 5B A A Uk 0.843+0.006 0.668+0.021 0.498+0.012 0.03 0.896
PA/2 PO SR IR =/ N RN N i ] 0.945+0.006 0.868+0.013 0.788+0.01 0.021 0.893
P30/1 X TRAAR . B AU A YEUR 0.94620.004 0.840+0.01 0.76120.007 0.039 0.910
P40/2 Xof 4 AL BB T B i AUAAURR 0.817+0.006 0.703+0.012 0.610+0.009 0.038 0.902
P30/2 XA LA A % 0.898+0.012 0.753+0.014 0.624+0.006 0.054 0.896
T40/2 o S AL BB T B i AUAAURR 0.542+0.009 0.399+0.013 0.348+0.005 0.049 1.010
T40/1 o S AL BB T B i AUAAURR 0.598+0.020 0.461+0.027 0.342+0.009 0.039 0.897
TA/2 XA LA A % 0.546+0.024 0.480+0.026 0.3730.015 0.102 0.894
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Fig.1 Electronic nose radar diagram
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Fig.2 OPLS-DA analysis of electronic nose
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Fig.3 Cross validation results of electronic nose model
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Table 3 Difference analysis of volatile substances in Malus toringoides (Rehd.) Hughes tea

s £ E8 15 ] (min) CAS T AR 2175(A, %) 425(B, %) HetE 2R (C, %) 3k
1 2.121 78-84-2 ST 13.48+1.00
2 2919 16630-91-4 2- L 4.54+0.44 1.98+0.15 0.89+0.17
3 2.927 123-15-9 2-FRE e 0.21+0.10
4 3.022 96-17-3 S 10.87+1.13 4.75+1.47 10.94+0.81
5 4518 497-03-0 -2~ FF e-2- T 0.560.02
6 4.65 107-86-8 3-F - 2- T 0.30+0.04 11.32+1.15
7 4743 5435-64-3 3,5,5- =IO 0.25+0.05
8 4758 110-62-3 i 0.63+0.54
9 4.833 4009-55-6 Fi-3,4-JHE 0.38+0.09 2.15+0.50
10 4.908 1576-87-0 S22 -2 0.70+0.16 0.34+0.05
11 6.372 66-25-1 U 12.69+2.40 7.51+1.04
12 7.548 63883-69-2 (E) -2-2.3E-2- 0% 0.85+0.46 ,
, S
13 7.628 1998-01-1 e 0.77+0.04
14 8.106 872-53-7 PRI 0.100.02 0.17+0.05
15 8.659 505-57-7 2-CL I 0.78+0.09 0.25+0.06
16 8.716 6789-80-6 3O 0.37+0.11
17 11.159 6728-31-0 (Z)-4-Peiite 0.15+0.01
18 11.301 111-71-7 PR 0.46+0.03 0.65+0.04 0.54+0.11
19 14.769 100-52-7 AR 0.8120.17 0.69+0.24
20 17.934 124-13-0 SR 0.30+0.06 0.75+0.02 1.76+0.39
21 20.516 122-78-1 AL 0.27+0.03 0.27+0.04
22 25.162 42452-48-2 2,4-ZWILBE-2 4- T 0.23+0.10
23 25.257 124-19-6 Tt 2.17+0.39 2.04+0.32
24 32.585 112-31-2 B 0.120.00
1 1.793 687-47-8 L-FLR C T 0.12+0.06 1.69£0.71
2 1.871 503-30-0 — H A SR 16.70£0.61 32.29+4.17 17.73+0.54
3 3.887 109-60-4 RN 0.38+0.04 0.55+0.02 [iEs
4 6.499 107-31-3 FHR iR 3.42+1.25
5 7.010 123-86-4 IR T TR 0.21+0.10 0.27+0.04
1 2.349 2026-48-4 L-G5 0.26+0.04
2 2.454 1569-50-2 3- -2 1.63+0.89 2.64+0.08
3 2.899 765-42-4 PRk i e e 2.25+0.98
4 3.322 4415-82-1 T 7.20+0.56 5.78+0.78
5 3.334 1576-95-0 -2 S -1 - P 0.07+0.03
6 4.535 123-51-3 S CEE 0.26+0.03 0.42+0.04
7 4.563 137-32-6 TP 0.51+0.04
8 5.349 71-41-0 T 0.74+0.11 0.58+0.02 ke
9 5416 1576-96-1 J2-2- K 0.44+0.04 -
10 8.834 928-96-1 L 3.99+0.23 1.17+0.22
11 16.485 26001-58-1 (2Z)-2-FJ5-1-B 0.13+0.11
12 20.066 100-51-6 2 0.20£0.04 0.78+0.22
13 23.043 111-87-5 FRE 0.24+0.05
14 25.955 19780-39-3 3-2.3k-2- P 0.17+0.06 0.22+0.01
15 70.813 29783-26-4 ML -4- 37 1805 -1,3- B 2.08+0.36 0.80+0.22
16 74221 3391-86-4 143 B i ) 0.89:£0.09
1 2.101 558-30-5 F LR N e 6.33+0.33 3.46+0.25
2 2.476 18631-84-0 1-FI -2 F SR ot 0.38+0.09
3 5.183 2422-86-8 XUFR[3.2.015K-2,6- I 0.66+0.17
4 5.424 591-93-5 LA ) 1.16+0.32 0.28+0.05 yek
5 5.456 18631-83-9 W L HEFR 0.18+0.06
6 6.032 7423-69-0 3,5- B 1O 0.11+0.04 0.39+0.09
7 8.866 65378-76-9 1,2,4,4- DU H LIRS0 0.89+0.11
8 9.437 926-54-5 trans-2-HH 31 0 0.36+0.09 2.13+0.09
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s {2 BB ] (min) CAS L&A 5 (A, %) 55 (B, %) Mg (C, %) BrES

9 9.667 2415-72-7 I LE 0.20+0.03 1.54+0.04

10 15.737 5911-04-6 3-HHET e 0.09+0.03 7.68+1.04

11 16.836 17302-37-3 2,2- IS 4.99:£0.60 1.03£0.42 0.22+0.05

12 17.776 124-18-5 B¢ 0.29+0.06 0.29+0.02 0.33+0.08

13 18.439 13643-08-8 2,4 T 0.18+0.06 0.13+0.05

14 19.410 62183-79-3 2,2,4,4-P0 H B dg 0.69+0.22 0.24+0.05 0.10+0.03

15 19.490 5989-27-5 D-Frih 0.18+0.02 0.39+0.02

16 19.918 62108-25-2 2,6,7-=HIH5Hw 0.32:0.09

17 22.735 34825-93-9 3-(VE L) O 0.14+0.07

18 25.020 629-50-5 E+=kE 0.25+0.04

19 30.139 1002-43-3 3-F B —he 0.22+0.08
20 32.330 62108-22-9 2,5,9- = 3L 0.28+0.07
21 58.419 62108-26-3 2,6,8- = HIHE R J5E 0.34+0.09

1 2311 78-93-3 2-7T 1 2.86+0.18
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3 4773 565-69-5 2-F I3 1R 0.69+0.12
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5 8.261 110-93-0 PP P 0.3620.04 0.30+0.03

6 10.653 110-43-0 2- B 0.12+0.02

7 10.743 10493-98-8 25 FE2- I M- 1 2.2140.48 [IEES
8 16.703 10408-15-8 6-FH J-6- - 2- 0.18+0.03

9 19.913 2408-37-9 2,2,6-=H IR 0.39+0.03

10 22.094 98-86-2 KT 0.11+0.02

11 22.652 30086-02-3 3.5 -3 Jf5-2- 0.15+0.00

12 24.421 38284-27-4 3,5-3F )it 0.14+0.07 0.10+0.03

13 26.225 78-59-1 S /KR 1.60+0.30

1 3.570 3208-16-0 2-Z B0k 1.88+0.62 2.25+1.36 8.38+0.58

2 4.803 930-27-8 3- Ik 0.62+0.07 .
3 16.953 3777-69-3 2-TE Sk 0.29+0.01

4 17.553 70424-14-5 (B)-2-(2- 300 3 ) kg 0.28+0.02

1 1.768 64-18-6 R 0.27+0.04 0.77+0.18

2 2.789 115-10-6 Ik 0.110.08 0.79+0.05

3 5.559 13218-13-8 [ Y 0.37+0.03

4 7.225 646-07-1 4-FEEemR 0.17£0.05

5 7.308 5390-28-3 2-fif 3k L R R 0.3240.04 0.23+0.14

6 9.350 108-38-3 [ 2% 0.11£0.02 0.15+0.05

7 10.488 7714-32-1 LI F N 3.08+0.59

8 10.506 106-42-3 paptith S 0.22+0.13 0.08+0.03 HoAth
9 13.097 95-65-8 3.4-Z AR 0.48+0.15

10 18.187 71487-16-6 3- P BL-4- R R £ 0.17+0.07

11 22.987 4810-09-7 3-F B 1-pels 0.10+0.03 0.19+0.02

12 25.91 527-53-7 1,2,3,5- P4 FE 38 0.14+0.04

13 30.226 91-20-3 B 0.13+0.02

14 38.132 91-57-6 2-HIEZE 0.48+0.09

15 70.703 2443-40-5 3-FAILIRE L bt-2-FR TR 0.71£0.27 1.15+0.18
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Table 4 Types and relative content of volatile substances in

Malus toringoides (Rehd.) Hughes tea
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Table 5 ROAV analysis of aroma components of Malus toringoides (Rehd.) Hughes tea
5 PR B{E (g kg ") 2I5(A) HE(B) L5 (C) AR RS
1 ST 0.0000015 8986444.44 0.00 0.00 FEME, wTEp FiE Ny
2 PR 2.44 0.11 0.32 0.00 -
3 J-2- 13 0.0000892 0.00 4970.10 0.00 -
4 R 0.303967 0.35 2.59 0.00 R A A
5 L 0.000003 0.00 40555.56 0.00 LS A
6 2- T 0.0354 0.00 80.80 0.00 Whihbk IS
7 3-8 M-2- 0.0004 0.00 4078.33 6594.17 FIFF IR A
8 2-HHL R 0.0000032 0.00 0.00 65312.50 R R
9 e 0.0000011 9881515.15 4318484.85 9945757.58 R R
10 MiE-2- 8- 1 - P 0.00072 0.00 0.00 90.28 FEUS KT
11 2-Z K 0.008 235.21 281.54 1046.88 BefEIR BT
12 RPN 0.002 187.50 274.33 0.00 VIE S R
13 SR 0.000004 63750.00 0.00 105333.33 KRE R
14 T 0.0000159 31823.90 0.00 0.00 KRBT R
15 2- -3 0.00008 8645.83 0.00 0.00 - -
16 -2 -2 T 0.00046 0.00 1227.54 0.00 R R
17 i 0.000012 0.00 0.00 52472.22 WL EH BT KT
18 S -2- PR 0.00098 712.93 344.22 0.00 Jie SRR 5
19 T 0.0001502 4906.79 3854.86 0.00 R R
20 CLE 0.000073 173803.65 102899.54 0.00 RN A
21 PR R P i 0.49 0.00 6.99 0.00 I i
22 LR T g 0.000058 3534.48 4609.20 0.00 L HR KRy
23 e 0.009562 80.70 0.00 0.00 KRF A
24 4-FR L R 0.00081 0.00 209.88 0.00 ALTHE & i
25 2,2,6- = LI i 0.0001 0.00 0.00 3923.33 -
26 LT 0.000065 0.00 0.00 1692.31 T g A A
27 2-CAE 0.00003 26000.00 8300.00 0.00 R R
28 T 0.0019 2097.54 614.39 0.00 HH A
29 [B] R 2E 0.001 112.67 146.00 0.00 LV S 5t
30 3-CU A 0.00000021 0.00 0.00 1750793.65 RS A
31 X IR 0.001 216.00 81.33 0.00 IR RAF
32 2- 0.00014 0.00 854.76 0.00 IR IRR RAF
33 (2)-4-Pefme 0.00004 0.00 3800.00 0.00 il S e
34 PR 0.0000028 165833.33 231428.57 193095.24 B RARE PRy i
35 3,4- " EE 0.0012 0.00 0.00 399.72 -
36 AR 0.00075089 1079.16 915.36 0.00 PRk R
37 FH 5 P i 0.000068 5284.31 433824 0.00 MR, & R
38 2- 1 ALk g 0.0000058 0.00 49770.11 0.00 GGG 7S S BT
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47 SR T 0.011 0.00 0.00 14521 FE SR R
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50 TR 0.0000011 1972121.21 1850909.09 0.00 B A
51 2-MRLZE 0.000003 0.00 0.00 159777.78 HER ., BER fA
52 127 475-3-1% 0.0000015 594000.00 0.00 0.00 R Yot R
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Fig.4 Differential thermogram analysis of volatile substances
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