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Grade Identification of Huangjincha Tea 2 by Aroma Fingerprinting Combined with Multivariate Chemometric Analysis
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(1. College of Food Science and Technology, Hunan Agricultural University, Changsha 410128, China;
2. National R&D Center for Tea Processing, Hunan Research Center of Tea Plantation and Processing Technology,
Hunan Tea Group Co. Ltd., Changsha 410126, China)

Abstract: The aroma components of two grades of Huangjincha tea 2 were investigated by using headspace solid-phase
microextraction (HS-SPME) coupled with gas chromatography-mass spectrometry (GC-MS) to establish their aroma
fingerprints. The results were analyzed using chemometrics. Totally 81 aroma components were identified, 41 of which
were common to both. Based on these common aroma components, the two grades could be discriminated by orthogonal
partial least squares-discrimination analysis (OPLS-DA), and nine differential aroma components between them were
identified including heptanal, limonene, trans-f-ocimene, 1-octanol, (E)-4,8-dimethylnona-1,3,7-triene, trans-nerolidol,
1,10-diepicubenol, epicubenol, and methyl hexadecanoate. A linear discriminant model to distinguish the two grades was
established using the differential aroma components as independent variables. The self-validation and cross-validation
accuracy of this model were 100%. These results may provide an objective and quantitative reference for the classification of
Huangjincha 2.
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chemometric analysis
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#1 2AEREBHT AN
Tablel Aroma components of two grades of Huangjincha tea

5 W%jﬁm CAS%E FAULY RI cal  RI NIST 7 foﬁ;mg/ e g;\h)‘%/%: m Pl
e

C13 9.229 5 3391-86-4 1-3F4i-3-1 981.1+0.5 98042 54.80+£22.80 108.74+28.89 0.00
C29 13.467 5 5989-33-3 - i 7R 5 A B A AL ) 1070.7£0.3 1066+0 66.27+84.86 75.77+£86.17 0.79
C30 13.600 2 111-87-5 1-2fiF 1073.1£03 107143 652.23+143.45 437.594134.49 0.00
C32 14.240 2 34995-77-2 S5 - T 5 A R A A ) 1086.4+0.2 1086+5 310.15+275.65 372.41+351.53 0.64
C33 14.961 4 78-70-6 75 F i 1100.2£0.5 10994+2  9070.08£3 425.59 9003.19£4 780.38 0.97
C40 19.068 8 98-55-5 a-FA T EE 1186.2+0.2 118942 597.824+277.32 470.01+347.41 0.34
48 20.961 6 106-25-2 FELEE 12269402 122842 411.07+301.94 306.28+232.46 0.37
C50 222728 106-24-1 7 12547+04 125543 10173.19+3573.17 8267.304+3098.53 0.19
C68 35.0520 40716-66-3 S -FEAE A 1559.4+0.1 1564+2 1375.96 £406.28 3898.47+£968.28 0.00
C70 36.129 7 77-53-2 AR 1587.74£0.1 159843 312.22+278.83 77.36+110.35 0.02
C72 37.2895 73365-77-2 1,10-diepicubenol 16182+0.1 1614%3 456.141+94.33 272.134+82.12 0.00
C73 37.816 9 19912-67-5 epicubenol 16324401 162742 492.49+137.02 285.56+77.19 0.00
C74 37.969 7 5937-11-1 - FEAABE 1637.2+0.1 1640%2 52.32£12.92 0.00£0.00 0.00
C79 51.9337 150-86-7 e 2111.34£0.1  2114+£5 1793.55+979.25 1444.87+623.22 0.34
B%

C3 34566 2213-23-2 2,4-— HIIL P 8169+ 1.1 821+1 388.31+144.36 486.62+118.14 0.10
C5 42918 3074-71-3 2,3- " HHE Pkt 848.6+2.6 855+1 67.54+23.12 95.49+91.38 0.30
C7 45197 2216-34-4 4-FRFEEf 855.8+1.1 863+1 534.424+120.54 637.28+127.64 0.06
C28 13.122 6 6975-98-0 2-FHE 2% 1062.9+02 1064+1 997.73+857.31 1 147.65+804.26 0.67
C34 15.0393 1120-21-4 (T 1102.5£0.2 1100 1648.16496.14 1798.30£596.74 0.52
C36 15.303 3 2801-84-5 2,4- T HIHES 1108£0.2 1106 1325.78 £364.43 1413.43£270.25 0.53
C45 19.694 9 112-40-3 + Tk 1199+0.1 1200 118.72+£47.71 147.44+36.08 0.13
C51 23.3658 31295-56-4 2,6,11- = H 4~ 1279.1£0.1 1275 4601.03+1287.20 4 605.11+876.04 0.99
C54 24.307 4 629-50-5 + =%t 1299.7£0.1 1300 1309.81+£433.47 1310.61£256.87 1.00
C55 25.4052 61141-72-8 4,6- —HIHE T 1324.9+£0.1 1325 3304.28 +857.63 3277.83+540.81 0.93
C65 32.8264 629-62-9 Ak 1501.3£1.5 1500 627.011+148.88 590.41£105.71 0.52
C71 36.476 5 544-76-3 RWAYSH 1596.6+0.1 1600 109.07+14.84 121.57+36.14 0.27
C75 40.138 2 629-78-7 +-bk 1696.4+0.1 1700 75.58+11.51 75.74+8.43 0.97
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F5 Hﬁ%fﬁlin CASS A RI cal RI_NIST = %$i;%€§/ i g’gﬁ%: 7 PIH
xS

C4 3.908 2 19549-87-2 2,4- 7 W - 1- B 833.5+1.1 836+7 234.40+85.35 317.44476.68 0.02
Cll1 7.0330 2867-05-2 a-MRI 930+0.4 92942 8.27+8.74 12.10£13.51 0.42
C12 8.818 1 28634-89-1 B 9713404  966+12 32.21426.20 83.99+55.69 0.01
Cl6 9.669 4 123-35-3 B-H AN 991.14+0.4 99142 0.0040.00 398.714307.73 0.00
C21 10.724 1 29050-33-7 4-BEIT 1013.8403 100947 21.36+28.84 67.65+83.66 0.08
23 11.284 2 5989-27-5 LR 10253403 1025 158.46+100.10 499.23+288.12 0.00
C24 11.9172 13877-91-3 B-Z I 10385403 103747 35.94424.68 243.61+252.71 0.01
25 12.402 3 3779-61-1 R-p-% ) 1048.1+02 104942 900.92+267.18 5066.804 476.84 0.00
27 12.773 3 99-85-4 y-Fa I 105602  1060+3 59.23+26.46 98.19+89.86 0.15
C31 14.169 3 586-62-9 i it H 10849403 108842 17.50+33.46 95.76+99.28 0.01
37 15.706 3 19945-61-0  (3E)-4,8-"HIH-13,7-F =/ 11164+£02 1116%1 439.314+77.56 1286.954+605.78 0.00
57 27.928 3 13744-15-5 B-EEVES it ) 1383+0.1  1389+2 179.75+44.08 133.18+55.66 0.04
61 29.054 7 118-65-0 R T HM 1409240.1  1396+2 332.13456.18 287.984173.89 0.40
C64 31.990 5 54324-03-7 Bicyclosesquiphellandrene 14813+£0.1 148946 152.40460.16 155.20449.77 0.91
C66 33.362 1 523-47-7 BRI 1515.740.1 1518+10  2737.18+314.22 2227.95+668.64 0.02
C67 33.6477  29837-12-5 BET S I 15233401 153241 560.15+78.64 517.504184.22 0.46
R

Cl18 10.188 4 123-66-0 2R 21 10028403 100042 91.04+85.65 68.22+38.38 0.44
20 10.518 5 3681-71-8 ZB)-3-C i 1009.9+£03 100542 160.65+180.7 197.90+268.66 0.69
C41 19.108 4 16491-36-4 -3~ 20 T e 11869402 1187+2 986.6641 141.99 1355.13+1409.53 0.50
C42 19.194 5 119-36-8 I 1 11892405 119242 330.61+330.85 250.53+316.75 0.56
C44 195705 53398-83-7 Jx-2-CUdE TR AR 1196.5+0.1 1195+1 51.68499.02 26.64+36.63 0.46
C49 21.2103 53398-85-9 JIji-2- F 2 T R -3- TG B 1232.240.1 1234 174.924+190.75 453.194557.46 0.11
C56 27.8102  31501-11-8 Jigi-3- CUp A CURR T 13802+0.1 1380+3  1433.61+1256.12 3 170.79+3 725.08 0.13
C58 28.0200  61444-38-0 i-3- S B -3~ LI i 13852402 1389 35.87+69.26 17233422271 0.05
C59 28.1750  53398-86-0 -2 0 ) FE ORI 1388.840.1 139140 108.93+207.01 377.004487.98 0.09
C69 356719  61444-41-5 -3~ s < R Wi 15757401 156243 0.0040.00 28.09+38.08 0.01
C76 43479 8 124-06-1 A B R 2. T 17925402 179441 82.18+90.97 28.71+28.98 0.09
Cc77 47.5790 112-39-0 R e 19258+02 1926+2 68.78+18.17 133.48+70.84 0.00
C78 493315 628-97-7 FERARR 2 1993.94+0.1 199343 418.574207.90 469.97+173.66 0.54
C80 52.937 6 544-35-4 W iR 2.1 2161.6+02 216246 286.634128.77 300.234174.71 0.83
C8l1 53.067 8 1191-41-9 T RRAR 2. 2168.1+02 2169+10 882.28+342.38 788.694351.40 0.53
[

Cl10 5.858 7 111-71-7 P 903.3+0.5 90142 131.954+87.16 61.93455.20 0.04
Cl19 10.256 5 124-13-0 R a1 1003.9403 100342 46.4+35.58 30.62+36.75 0.31
C26 12.6378 106-72-9 2,6-— FJk-5- P 1053.4+03 1052+5 305.57+263.35 520.50+685.47 0.31
C35 15.120 6 124-19-6 T 11042402 110442 2193.31+394.08 1 810.79+655.33 0.10
C43 19.444 7 116-26-7 AL AE 11937402 1201+4 18.39+18.94 66.54+27.34 0.00
C46 19.9353 112-31-2 P 12042401  1206+2 1186.98+438.44 1 443.064595.94 0.25
C47 20.397 4 432-25-7 B-AFr 5 1214.6+£02 122043 2524144597 275.53458.80 0.30
B

Cl1 3.059 1 141-79-7 4-FRHE-3- 1 0 -2- 802.740.9 79844 7.02417.26 103.744105.81 0.00
Cl4 9.443 5 585-25-1 2,3-3 i 986+0.4 98443 85.62+44.08 98.62+55.63 0.54
Cl15 9.5450 110-93-0 6- 1 HL-5- B 47 -2- 988.4+0.3 98642 18.38+22.4 108.93+112.17 0.01
38 17.1348  57283-79-1 6-F3E-5- 2, 56-3- P dfi-2-H] 1 145.9+0.1 1144 60.50+37.67 44.64+45.74 0.37
C60 28.361 2 488-10-8 JIi- 25 Hi A 13934£0.1 139443  1631.4841099.56 2464.10+1361.41 0.12
62 30.694 5 3796-70-1 B I TR 14498402 145342 328.724143.11 472.68+199.98 0.06
C63 31.922 4 79-77-6 Sz -B-4 5 1479.74£0.1 1486+4 327.564140.20 318.41482.53 0.86
A

C6 4454 4 100-41-4 R 853.6+1.1  855+10 83.97+49.77 130.46+34.40 0.02
C8 4.6879 108-38-3 1,3- ISR 862.1+1.0 866+7 451.554+158.8 601.50+142.49 0.03
9 5.466 8 95-47-6 1,2- FIJEZE 890.74+1.0 887+8 296.17476.66 389.11+£90.04 0.01
c22 11.118 1 527-84-4 1-FHL-2- S L 1021.8403 102242 3.744+9.14 29.87+33.60 0.01
C39 18.448 1 91-20-3 2% 1173402  1182+38 455.58+607.56 141.40+115.16 0.12
C53 24204 5 91-57-6 2-HiI3EZE 1297.440.1 1298410 194.954+292.74 13.17+17.40 0.06
C2 33364 617-92-5 1-Z. 5Lk 813.1+1.1 821+6 0.0040.00 24.01429.49 0.01
C17 9.679 1 3777-69-3 2-JRFEMK IR 991.3+0.3 99342 492.14499.53 452.094190.73 0.52
C52 23.805 0 120-72-9 g 4 12892408 129547 142.894131.63 356.134+279.33 0.02

VE: RI cal’yitHRI; RI NISTHYNIST 17404 R &AH X S D+ s& R,
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Fig.2  Aroma fingerprints of grade I of Huangjincha tea 2
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Table 2  Similarity calculation of aroma fingerprints between two

grades of Huangjincha tea 2

Jrik EEH R WK
J AR EIE 1.000 0.951
A R BUE 1.000 0.932
ik I Nei /2 27 1.000 0.856
WL R 1.000 0.693
SRR AR AR 1.000 0.400
B R AR P ARALRE 1.000 0.346
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Table 3  Description of aroma characteristics of differential
aroma components
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ng/L)

Cl10 i B EIE, BE. FE, BE. REK 00028

wex 00 1 BE. AR BE LR BEE 01258
% 1,10-diepicubenol - -
C73 epicubenol — —

3 FrRN e, B&, & #fE 0.034

25 Rkp-2 0k . FH 0.034

ﬁ*ﬁﬁ 37 RRAS-HHE-13T-T 50 B v

68 [T FiA RN N SN ) 025
77 AR W&, BE. EE 2
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Table4  Coefficients of Fisher’s linear discriminant functions

ety HER—N L e
C10 —0.463 —0.228
C23 0.207 —0.049
C25 —5.745X10° —0.006
C30 0.270 0.174
C37 —0.003 0.022
C68 —0.054 0.027
C72 0.526 0.047
C73 —0.062 0.060
C77 0.616 0.268
A —162.687 —102.952
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