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spectrometry was used to analyze the aroma components of Hekou black teas made from the same tea plant variety.
Results The results showed that a total of 68 kinds of aroma compounds was detected and identified. The relative
contents of alcohols, acids, aldehydes, ketones, esters, alenes and heterocyclic compounds were 14.03%-19.47%,
1.29%-3.31%, 3.64%—11.81%, 0.94%—2.99%, 10.29%—17.37%, 1.43%-3.01%, 4.03%—5.92%, respectively, and the total
relative content of alkane, naphthalene and other compounds were lower than 0.66%. The content and composition ratio
of aroma substances in different grades of Hekou black teas were not the same. The content of aroma compounds also
increased with the decrease of shoot tenderness, and T4 was the excellent. Through orthogonal partial least squares
discriminant analysis and Filter variance variables analysis, it was found that the key ingredients of different grades of
river black tea were: Methyl salicylate, linalool, phenylethyl alcohol, (Z)-3-hexanoic acid hexenyl ester, phenylethyl
alcohol, a-farnesene, benzaldehyde, (+)-y-cadinene, (£)-3,7-dimethyl-2,6-octadienoic acid, decanoic acid ethyl ester
and a-copaene. Conclusion Different Hekou black teas presents different key aroma substances, mainly including
flower, fruit, green, sweet, etc.. The above results clarifies the classification index of aroma components of Hekou black
teas, which provids a reference for the objective evaluation of Hehei tea aroma quality.
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Table 1 Sample information of Hekou black teas
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T2 —ZE—n LTI 2021 4 4 H 13 HREE
T3 —ZFT0 LN 2021 4F 4 H 25 HRHH
T4 —IEZN LR 2021 4F 4 A 30 HRA

TS TN R BT R MEFAR %\ 2021 4E 5 A 8 HRHH

SfOK (ARG SO R YA A 7)Y C7-C40 i
e e A BRI (1000 pg/mL, [# Sigma-Aldrich 24 #l).
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0.25 mmx0.25 pm)(3%[E Themo Fisher Scientific 2A¥]); [l
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Table 3 Aroma compounds in Hekou black teas identified by analysis

B 2850 &2 RT/min  RI SI  RSI Tl T2 T3 T4 TS5
1 3-CU M -1-BE 8.234 862 862 906 0.57+0.07° 0.51+0.06° 1.84+0.04* 1.87+0.18"  1.82+0.10"
2 o 14.344 1037 904 925 2.12+0.08° 2.10£0.08° 4.27+0.06° 5.19+0.65°  5.22+0.36
3 2-Tk g FH e 16.001 1073 921 923 0.88+0.04° 0.74£0.03° 0.96+0.01°  0.98+0.09°  1.10+0.07°
4 by 17362 1103 945 945 8.83+0.17° 6.05+£0.23"  2.64+0.04% 3.23+0.02° 1.86+0.14°
5 (L2 KW 18.154 1118 935 943 4.28+0.17° 3.00+0.14° 4.85+0.07° 4.55£0.62° 8.31+0.33°
6 (10) o-FA T 22319 1195 900 905 0.23+0.00° 0.25+0.00° 0.30+0.01*  0.244+0.01°  0.17+0.02°
8 R AL B 24428 1230 924 925 0.77+0.03°  0.92+0.02°  0.59+0.01°  0.63£0.02°* 0.67+0.04°
9 o-EE R it 43527 1664 767 828 0.05+0.00° 0.03£0.00° 0.33+0.01° 0.27+0.01®  0.20+0.00°
10 FAA 41904 1610 876 886 0.09+0.00° 0.12+0.00° 0.05+0.00° 0.05+0.00°  0.07+0.00°
11 FH 55238 2115 857 911 0.01£0.00° 0.02+0.00° 0.23£0.00°  0.01£0.00°  0.04+0.00°
12 1E=FTR 12.754 1002 678 860 0.24+0.05° 0.39£0.07* 0.61£0.05*  0.54+0.21** 0.48+0.03*
13 ok FIHIR 13.006 1007 687 827 0.06+0.01° 0.06+0.01° 0.38+0.01*  0.41+0.05"  0.38+0.00°
14 (47)‘ FEHR 13358 1015 751 815 0.02+0.00°  0.07+0.02¢  0.5440.02°  0.36+0.03°  0.59+0.03"
(E)-3,7- " Hi3-2,6-% d b c ¢ a
15 Ve 32470 1370 917 930 0.97+0.06° 1.64£0.14° 1.28+0.04° 1.19+0.06° 1.86+0.06
16 2-EL I I 8.572 873 810 831 0.2840.03° 0.24+0.02° 0.57£0.11° 0.56£0.05"  0.47+0.04"
17 IR 11.564 966 925 930 0.59+0.02° 0.76£0.05° 3.28+0.09" 2.90+0.25" 3.41x0.17"
18 B 3 14.740 1045 909 974 0.11x0.19% 0.73£0.44° 1.92+0.03° 1.76+0.25°  3.94+0.23"
19 ) T 17.560 1107 809 816 0.35+0.02° 0.55+0.03° 1.63+0.02° 1.08+0.09°  1.99+0.23"
20 %f & 23.050 1207 811 891 0.01£0.00° 0.01+0.00° 0.12+0.01®® 0.11+0.02°  0.1440.02°
21 B- ARG 24.049 1224 767 882 0.10+0.01° 0.18+0.02¢ 0.58+0.01° 0.51+0.03°  0.74+0.02°
22 B 25.176 1242 928 932 0.57+0.06° 0.26+0.07° 0.22+0.01° 0.18+0.01° 0.18+0.01°
23 RS 27.081 1273 873 926 1.25+0.13* 0.89+£0.03° 0.87+0.00° 0.85+£0.01®  0.62+0.12°
24 S-FBE-2ORIE-2-CUF 37.923 1493 784 814 0.36£0.07° 0.25+0.01°° 0.16+0.01° 0.18£0.02° 0.28+0.03"
25 3,5-%¢ —Jas-2-1i 17.047 1096 685 843 0.01+0.00°  0.00£0.00° 0.01£0.00*°  0.01+0.00°  0.01+0.00°
26 a-2R T i-y-Hl 27269 1276 852 914 0.13+0.01¢ 0.17£0.01° 0.31+0.01°  0.27+£0.02°  0.15+0.02%¢
27 N IS R 34.144 1403 915 916 0.54+0.01° 0.43£0.01° 0.58+0.01"  0.55£0.02° 0.31+0.03
28 ﬁ(lﬂf o-55 % 4 35378 1432 832 890 0.04+0.00*° 0.05+0.01* 0.19+£0.01° 0.18+0.02°  0.54+0.03°
29 3AME-B-ET AW 37.655 1487 763 839 0.02+0.00°  0.56£0.01*°  0.27+£0.01° 0.04+0.02°  0.03+0.01°
30 B-E5 2L TR 37752 1489 886 890 0.21£0.16° 0.47+0.01° 1.51£0.04° 1.35+0.09°  1.92+0.06"
31 AEL R 48.685 1847 787 905 0.01+0.00° 0.01+0.00° 0.03+0.00*°  0.02+0.00® 0.03+0.01"
32 K A7 1 H i 22517 1198 946 948 12.07+0.42" 12.5420.16* 8.07£0.09° 10.41£0.67° 6.0420.40°
TR R 24579 1232 877 899 0.36+0.05° 0.30+£0.05® 0.38+0.02*  0.38+£0.10°  0.19+0.03°
33 ER YA 28.620 1298 685 856 0.06+0.00" 0.04+0.02%° 0.04+0.03°  0.07£0.02* 0.08+0.01"
34 g A - 1 29.023 1305 902 916 0.13+0.02° 0.14+0.01° 0.23+0.01*  0.23£0.03*  0.10+0.02°
35 CUERIER-3-CU e 33252 1385 896 903 0.17+0.01°  0.22+0.08°  2.34+0.09° 2.36+0.67°  0.46+0.29°
36 _— LA 33369 1387 917 923 0.24+0.05°  0.20+£0.03° NA NA 0.26+0.04*
37 (';‘9) L R CL g 33453 1389 740 890 0.11+0.04° 0.3240.07° 1.10£0.06° 1.00+£0.30°  0.35+0.06°
38 241 L. TR 33.902 1397 925 944 0.77£0.04* 0.91+0.27° 2.58+0.55* 2.27+0.75*  1.89+1.12%
2-Q2-FRIL IR K IR . . . . .
39 2. 36.578 1461 799 889 0.07+0.02° 0.07+0.01°  0.08+0.01°  0.09+£0.02°  0.130.02
40 AR N e 39.449 1537 887 907 0.25+0.07%° 0.09+0.01° 0.18+0.06* 0.16+0.01°  0.28+0.00°
41 R 3R T 2 Y 43292 1656 779 849 0.11+0.03° 0.06£0.00° 0.14+0.01° 0.15+£0.01*  0.07+0.01°
42 LR A IR 46.257 1758 842 922 0.06+0.01° 0.08+0.00°  0.02+0.00° 0.01£0.00°  0.00+0.00°
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Sis2 23 (= 4N min
FE 2 &4 Fx RT/ RI SI  RSI T1 T2 T3 T4 T5
43 W G5 IR B 47327 1796 852 874 0.02£0.00° 0.01x0.00° 0.01x0.00° 0.01+0.00°  0.01+0.00°
44 SR T HER S TEE 49429 1876 847 901 0.01+0.00  0.01+0.00  0.01+£0.00  0.01+0.00  0.01%0.00
45 TS H R 50.751 1928 917 920 0.10£0.01*  0.07£0.00°  0.09£0.00° 0.10£0.01°* 0.06+0.01¢
46 AROR _HIR T R 51.814 1971 886 935 0.04+0.00° 0.03£0.00 0.03£0.00° 0.02+0.00°  0.02+0.00°
47 IR IR . g 52414 1995 937 937 0.66+0.12°  0.38+0.04> 0.33£0.06° 0.31+0.03°  0.52+0.07°
48 WM PR 2 TR 56.418 2163 919 927 NA NA NA 0.0120.00 NA
49 WP RRPR 2. Tk 56.613 2171 914 915 0.10+0.02% 0.07£0.01° 0.13£0.04°*  0.10+0.00* 0.23+0.03°
50 I 14.035 1030 726 807 0.45%0.11° 0.40£0.07° 0.22+0.01° 0.38+0.07°  0.47%0.03"
51 a-BEVE A 31.632 1355 920 935 0.32+0.12*  0.12+0.02°  0.03£0.00°  0.02+0.00°  0.02+0.00°
52 a-JR M 32963 1380 826 858 0.17+0.05° 0.21+0.02°  0.2440.01°  0.52+0.09°  0.44+0.04*
53 a-FAAR N 34.677 1415 785 849 0.03+0.01 0.02+0.01* 0.02+0.00° 0.05+£0.02°  0.03+0.01®°
54 MK B-ENTIE 34989 1423 843 866 0.06£0.03  0.05£0.01  0.07+0.01  0.09£0.03  0.06+0.01
ss (10 0= 2% AR 38275 1502 890 901 0.15£0.05* 0.06£0.01° 0.01£0.00° 0.03£0.01" 0.01%0.00°
56 a-15 W s 38490 1508 834 883 0.09+£0.04° 0.08+0.02° 2.21+0.35° 1.34+0.65°  0.69+0.21°
57 y-RE R 39.127 1527 853 854 1.42+0.41* 0.41£0.07° 0.12+0.01°  0.14+0.05°*  0.07+0.02°
58 a- TR E 39.845 1548 910 952 0.14+0.03* 0.06£0.00° 0.06£0.01°  0.06£0.01>  0.02+0.01°
59 B 48.490 1840 839 918 0.01£0.00° 0.01£0.00° 0.02+0.00°  0.01x0.00°  0.02+0.00°
&y : b
60 ) 16.772 1090 930 936 2.37+0.11° 2.44+0.10° 1.76+0.03° 2.2440.29° 2.27+0.18"
(CUES)
52X SR A A
61 A ?ﬂﬂ% 21.078 1172 927 933 0.33£0.01¢  0.45+0.02° 0.81+0.02° 0.78+0.07°  0.95+0.05"
IIK G
G R IR , \
62 (LK) 21350 1177 927 933 1.1320.04° 1.26£0.06° 1.5240.03° 1.70£0.20" 2.41£0.13*
63 IR IR 36367 1456 858 877 0.11£0.01¢ 0.1840.02° 0.31+0.01°  0.27+0.03*® 0.26+0.02°
64 2,4-TRUT HOR 38735 1516 827 865 0.0840.00°  0.08+0.00°  0.05+0.00°  0.04+0.00°  0.02+0.00°
65 L1L,6-=H3-12- 5% 31.830 1358 849 895 0.05+0.01° 0.08+0.02° 0.13+0.01® 0.16+£0.06*  0.06+0.01°
66 RVAY:H 41.542 1598 853 915 0.12+0.03°  0.32+0.02°® 0.50+0.01°  0.41+0.05 0.45+0.34°
HiAh
Wy RN P .
67 4) e 44164 1685 829 887 0.04+0.00"  0.02+0.00 NA NA NA
LHHZE
68 2,255 - B ARHE 44238 1687 769 849 0.02+0.00°  0.02+0.00°  0.04+0.01°  0.03+0.00°  0.02+0.01°

1 RT: FRPRE I E; RE @RS 28 R AR FE 5L ST FHmizAb &0 MS B NIST2014 5T 4 (1) br i35 1] LA A5 2] B AH DL
RSI: NIST2014 i bR HE TS B 5% A0 G W0 I m) BLEEAS B ARLRE ; T1~TS K i Ak G BB i % NA: FanRks izt a9, [

— AT AR NG FREFRIC (a~D) R 7R 22 57 B3 (P<0.05), Tl

23 TRMEFLFESUAMHERIESN

TR TP R A S T A S, AN R AL R R
S ESBE, HPEEISHYT T E 14.03%~19.47%, KR
AN B 1.29%~3.31%, BEZSAXS & 50 3.64%~11.81%,
T2 & PIAERT S 0.94%~2.99%, FEAb A HEx &
i 10.29%~17.37%, WIETE 1.43%~3.01%, ZFREEY)
THETE 4.03%~5.92%, bi. Z8 N HAMEA G Y SAHNT R
fI%TF 0.66%(F% 4). FEABRT & fdfe i i) =24k G b, BEdS
EEWILA 10 Fh, DIDSREL, JROEE . 2K F B Anas AL e
Tam, MPREARIE G RA S & AF.
AR RS, EEELAWINE 19 B, DKgRRH

fig. R OEG . CRRCHER . PR CER5FAHX & i b,
Hor ok b e P A &AM AR 2kl Ot
WG YIIE 47, LU E DS R R (i
%) A EA T R (RSO AL S T, BRI
ARFU ARSI R A BB A AR . T
EHFRMEEEFYR, B2, BRI, B2, B, mEdk.
W25 IR BE . ZERHAM S A YR LN 2 v
B S A T2 1Y 14.03%, Bk 19.47%, 5 Ab 3
[T 2 5, BRSWI B im0 T4, AR
B i AT B TS U (Y BRI T 2 o i R A, R
FPEP SRS T4, W5 4, BLEEIAL AP
HRETES T4 RIFESA—ERE
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Table 4 Types and content of volatile components in different Hekou black tea samples

29 T1 T2 T3 T4 T5
ik 18.16+0.38% 14.03+0.31¢ 15.9140.24° 17.15+1.41% 19.47+1.03°
[i7ES 1.29+0.01° 2.1620.10¢ 2.8140.09" 2.5140.26° 3.3120.10°
2 3.64+0.12¢ 3.88+0.52¢ 9.35+0.20" 8.15+0.44° 11.81+0.60°
2 0.94+0.17° 1.18+0.03¢ 2.674+0.06° 2.43+0.10° 2.99+0.13*
RS 14.89+0.27° 15.31£0.56% 15.43+0.67% 17.37£2.37° 10.29£1.19°
ik 2.87+0.84% 1.43+0.16° 3.01+0.38° 2.64+0.78" 1.84+0.33"
3T 4.03+£0.14° 4.42+0.15¢ 4.46+0.09° 5.04+0.53° 5.92+0.37"
Hfth 0.23+0.04" 0.44+0.02% 0.66+0.01* 0.60+0.10" 0.53+0.34™
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PCA J&—Fh oM BB =R 2 de SR G Tr r  i:,
T 3 BEAFEA B AR 2 B B AR O B R EEAR Y 432
IS WRES]l & e S HE s 19 V] R e N1 S o o N T
FERIT LI KA AN & A T PCA SR (B A S 5K
R’X=0.93, 0’=0.71), W& 1 7R, PC1 N 52.1%, PC2 K
21.1%. T1. T2 i FA P FIALE, T3, T4 T4 T4,
T5 i FAN B E, mE 1 A ERS B AR
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Fig.1 PCA analysis of aroma components of Hekou black teas in
different grades
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OPLS-DA %54 T 1E 22 15 5 ¥ 1F (orthogonal signal
correction, OSC) Fl fh fix /N — 7 H 5l 43 #7 (partial least
squares-discriminant analysis, PLS-DA) 5 #:, AEWNG X M
RS Y MOCHUA ARG MR ME R, i B BRAH
K (1) 22 57 S 0 A8 S ek, AR (LA S0 R2X=0.97,
R*Y=0.98, 0*=0.94), 5 Y HIJCAHYAE BEA5 EO0 W 3 547,
5 Y RMXHARIEBIEAL 4. MY OPLS-DA 7
ST AR RS, el s B LE 2 iR, PCL

N 70.3%, PC2 24 16.3%. Ui WAL HAT AR5 ) S0 R
FminEe Sy, HEE M R

Qi 3, FIFH BRI LT 200 RAE SURHIE
(R*=0.382, 0°=-0.929), Q" s HfE i W1 T £ty OPLS-DA
IR AR, AWA RIS EIAE S, AEZEMRFEF(variable
importance in the projection, VIP){E 7] LA &1k OPLS-DA
MR S 2040 %F OPLS-DA 0210 STk R/, 763 51
T, — Ak VIP>1 FoRiZLE YA S TEARTH
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Fig.2 OPLS-DA analysis of aroma components of Hekou black teas
in different grades
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Fig.3 OPLS-DA cross-validation analysis of aroma components of
Hekou black teas in different grades
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Table 5 Key substances for different aroma components of
Hekou black teas in different grades

e o vietr P meg
[(pg/L)

1 K A R H i 2.72 60 SRR, MmOk
2 Iy I 2.53 10 WA, FrEE
3 K 2.38 6 (K

4 7 2.26 300 TR, R
5 CEIRX-3-CEEE 1.91 — WA, W
6 K 1.80 — R, W&
7 -V R 177 107 ZE;'E;:
8 7 H i 1.67 350 i

9 y-FERA 1.47 — B, AF
10 (E)i;;};:ﬂ% 204 — —

11 BRI 1.36 1 R, HEF
12 3-C M- 1-BE 1.30 1 B, HERF
13 ﬁﬂ(;g;;im@? 1.29 6 we, K&
14 T 1.28 1 WA MHEE
15 p-2% 2L 1.17 0 wE

16 fifc(;ﬁ;zjﬂ% 117 3000 PN

17 CRR O IR 1.15 6400 R

18 a-JRI 1.06 6 izks

T —RERG &Y B B E, &R IR R LS
https://pubchem.ncbi.nlm.nih.gov/, https://www.flavomet.org/ ¥
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Fig.4 Enrichment of methyl salicylate in Hekou black teas
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