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Abstract: We aimed to investigate the aroma quality characteristics of Bai Mu Dan tea from different tea plant varieties and the material
basis for quality differences among the varieties. Aroma components of Bai Mu Dan tea samples from the varieties Zhenghe Dabaicha (ZD),
Fuding Dahaocha (FD), Fujian Shuixian (SX), and Meizhan (MZ) were measured using headspace solid-phase microextraction (HS-SPME)
coupled with gas chromatography—mass spectrometry (GC-MS) (HS-SPME-GC-MS) and comparatively analyzed using principal component
analysis (PCA), partial least squares discriminant analysis (PLS-DA), and hierarchical cluster analysis (HCA). The results indicated that all Bai
Mu Dan tea varieties had excellent aroma qualities and distinct characteristics. Specifically, ZD had a fresh aroma with a floral note, FD had a
delicate aroma with an obvious pekoe scent, SX had an obvious floral aroma, and MZ had a strong and lasting floral aroma. The aroma scores of
the different varieties were in the order MZ>SX>FD>ZD>90 points. A total of 101 aroma components were detected in the Bai Mu Dan tea
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varieties, with 98, 98, 100, and 96 aroma components identified in ZD, FD, MZ, and SX, respectively. The aroma components mainly consisted
of alcohols, hydrocarbons, esters, and ketones. PCA and PLS-DA models, which enabled the effective distinguishing of different Bai Mu Dan
tea varieties, were constructed based on the relative contents of all aroma components. Thirteen aroma components had significantly different
contents (VIP>1, p<0.05) in different Bai Mu Dan tea varieties. In conclusion, the four investigated Bai Mu Dan tea varieties exhibited
significant differences in aroma quality characteristics and distinct aroma profiles, and 13 aroma components were identified as key components
that contributed to quality differences among varieties.

Key words: tea plant variety; Baimudan tea; aroma component; headspace solid-phase microextraction (HS-SPME); gas chromatography

mass spectrometry (GC-MS)
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Table 2 Relative contents of aroma components in Baimudan tea
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Bk 19.77+0.89°  19.00+0.59° 38.01+1.58" 22.75+0.75°
1 1-5%.B 4.79 75897 8936  CsHp,0 0.17 0.15 0.20 0.22
2 (E)-3- T 485 6.82 85145 9730  CeHpO 0.31 0.66 0.88 0.27
3 B 7.18 865.64 8124  CeH\,0 0.21 023 0.33 0.27
4 1-/2 5% 1012 969.17 8127  C;H,0 0.14 0.06 0.05 0.07
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8 LA AR 1422 110452 9077  C;oH;0 0.15 0.37 0.66 0.44
9 2,6-— % A IR 1442 111122 8044  CgHy0 0.18 0.23 0.21 0.24
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11 ”mi\l;iziziggiiégz*gq 1530  1141.02 8048  C;oH;O 0.19 0.16 0.21 0.27
12 NR-3-2 Hr-1-B% 1569 115413 8494  CoH,;s0 0.03 0.03 0.02 0.02
13 Zﬁ;g;g;; 5536@% 1637 117698 9726 C;H0, 0.60 0.84 1.51 0.66
14 - SR 1695 119658  96.17  C;oH;50 0.06 0.11 0.29 0.11
15 Yait s 1776 122505 9747  C;oH;50 0.31 0.17 0.83 0.46
16 FetBE 1858 125418  96.64  C,H;0 10.34 6.00 18.16 12.46
17 1+ w8z 2381 145003 8592  Cu4H;0 0.01 0.02 0.01 0.02
18 N Pt 2652 1560.77 9425  C;sHyO 0.08 0.03 0.06 0.02
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20 T-AR 25 B3 2851  1646.62 8126  C;sHyO 0.02 0.04 0.05 0.02
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3 3.12+0.15°  2.58+0.08%  3.50£0.25°  4.10+0.09°

1 JETE 547 797.82  96.00  C¢H;,0 0.16 0.15 0.13 0.16
2 KPEE 9.85 96022 9733  CHO 1.39 1.28 1.46 1.58
3 KB 1235 104305 89.15  CgHgO 0.28 0.20 0.17 0.73
4 eSS 1423 110488 8735  CoHy0 0.09 0.06 0.04 0.08
5 REE 1721 120557 92,65  CioHy0 0.02 0.02 0.02 0.03
6 24- =9 H R FEE 1749 121559  90.11  CoHy0 0.06 0.06 0.06 0.08
7 B-ERATARLEE 17.61 121987  80.73  C,H;0 0.05 0.07 0.05 0.06
8 ewdirS 18.13 123803  88.18  C;H;0 0.14 0.08 0.25 0.21
9 (B)-ApAsEs 1896  1267.61 9493  C,H,0 0.66 0.40 1.01 0.86
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10 o-F Ak AR 2052 132410 8813  C,H;0 0.04 0.04 0.06 0.04
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3 3-F H-0-3R b1 1287 1060.13  83.16  C,H;O 1.77 1.66 1.62 1.68
4 3,5-F = ¥-2-F 1312 106854 9176  CgHp,0 0.71 0.90 0.77 0.72
5 - -3 2- B 1520 113752 8324  CoHy0 0.03 0.03 0.03 0.03
6 ¥ F5A 2233 139179  96.86  C,H;0 0.09 0.19 0.21 0.04
7 0% F L 23.10 142195 8827  Cp3Hy0 0.15 0.22 0.21 0.20
8 R KA 7 BR 2371 1446.14 9411  Cp3Hy0 0.07 0.09 0.06 0.07
9 ‘Eﬁé;ﬁl%;f; j; 2464 148270  89.64 Cj;3Hy0, 1.65 1.71 1.90 231
10 5- H-4- T -3 2531 151020 8243  CHp0 0.48 0.43 0.36 0.36
11 1-5Hs-3- 3156 178544 8208  CH;0 0.01 0.01 0.01 0.01
12 HELER 32,70 1840.13  84.87  CigHy0 0.11 0.12 0.13 0.14
BRAK 7.8240.48°  5.79+0.74%  14.83+0.34* 9.99+0.68"

1 F B 1075 99035  96.64  CyHyg 3.88 2.36 7.05 4.87
2 oAt 1126 100746  86.11  CyHyg 0.29 0.18 0.62 0.37
3 4-% A 1159 101821 9432  CyHyg 0.23 0.15 0.49 0.29
4 3-Ed 1248 104734 9778  CyHyg 1.75 1.08 325 2.18
5 V-6 So b 1285 105953  90.88  CHyq 0.13 0.08 0.29 0.17
6 4-THdh-12-—F K 1381  1091.12 8758  CyHyp, 0.06 0.04 0.11 0.08
7 34-ZFHR-24,6-F =4 1494 112876 9466  CyHyg 0.48 0.28 0.93 0.60
8 +=% 1707 1200.67  96.66  CpHyg 0.11 0.16 0.12 0.12
9 4,6-—F -+ )% 1744 121372 89.00  Cp3Hy 0.01 0.02 0.02 0.01
10 SES S ¥ 17.68 122232 8889  CgH;O 0.15 0.09 0.10 0.21
11 38-=F -+l 19.18 127543  86.86  Cj3Hy 0.03 0.04 0.04 0.04
12 5-2-F A A% 19.88  1300.16 8447  Cj3Hy 0.03 0.01 0.01 0.03
13 2-F R 2021 131235 8516  CyHy 0.01 0.01 0.01 0.01

14 1213 ;2;j7§f;’§jgs) 2120 134932  80.63  CsHy - 0.03 0.08 -
15 44-=F -+ 2130 135307 8166  Cj3Hy 0.03 0.19 0.20 023
16 +ugz 2255 1400.04 9412 CyHs 0.12 0.16 0.13 0.13
17 ()-a-Ab RS 23.07 142050 8200  CsHy 0.12 0.13 0.16 0.22
18 p-ALAM 2327 142842 9055  CsHy 0.07 0.06 0.08 0.12
19 B-7T ety 2387 145225 80.87  CsHy 0.01 0.03 0.08 0.02
20 TR 2463 148235 8822  CysHy 0.07 0.06 0.08 0.07
21 & Lih-4(15),5- K 2495 149537 8316  CsHy 0.02 0.03 0.05 0.03
22 A-AHAN N 2556 152036 8937  CsHy 0.01 0.09 0.21 0.01
23 *a8EH 2564 152384 8857  CysHy 0.03 0.18 0.35 0.02
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24 BB T 2591 153509 8277  CsHy - 0.03 0.09 -
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i ES 331+0.08°  1.99+0.58° 4.33+024" 3.07+023°
1 F IR 6.42 83572 90.11  CsHy0, 0.06 0.05 0.05 0.07
2 JRER 7.60 881.82  92.18  CsH,0, 0.20 0.19 0.26 023
3 TE 1093 99671 8327 C¢H,,0, 0.50 0.61 0.63 0.44
4 S 1353 1081.80 8746  C;H,,0, 0.24 0.17 0.09 0.18
5 T 19.08  1271.68 8351  CoH;50, 0.27 0.24 0.23 0.29
6 (E)-Avt Bt 2138 135623 90.05 CoH;s0, 2.03 0.74 3.07 1.87
RS 534£0.17°  5.18+0.16°  6.84+0.43" 6.46+0.26"
1 B T B 8.72 92226 8523  C;H,0, 0.01 0.01 0.02 0.02
2 TH-BAC AR BB 1324 107231 9891 C;3H0, 0.55 0.57 1.00 0.82
3 (B)2-FAT-2-482-3-CB 1388 109327  81.08  C;1Hy0, 0.47 0.49 0.64 0.46
4 2-HhER LAY 1585  1159.65 8242 C;H;s0; 0.92 1.08 0.71 0.66
5 LERF B 1591 116155 9237  CoH,0, 0.17 0.12 0.22 0.19
6 KApER T B 1686  1193.61 9561  CgHyO, 2.64 2.48 3.24 3.66
7 ¥ & At By 19.78 129652 8332 C;Hy0, 0.04 0.03 0.11 0.08
8 Aot 85 T By 2041 131972 8837 C,Hy0, 0.15 0.13 0.38 0.20
9 W2 THER-2-F ARG 2063  1328.18 8176  C,H;0, - - 0.01 -
10 LR AT g 2191 137591 9420  C;,Hy0, 0.09 0.07 0.21 0.14
11 KT B TBE 2694 157863  89.04 C3H;50, 0.03 0.01 0.02 0.03
12 AEAR B P B 3438 1923.17 9636 Cj;H3,0, 0.19 0.13 0.22 0.13
13 AR FET A-3- B 3491 195032 88.66  CigHycO,4 0.04 0.05 0.03 0.05
14 AFARER LS 3571 199093  86.55 CsHs0, 0.02 0.01 0.02 0.01
15 I3 8% T g 37.56  2089.29 8549  CHy0, 0.01 - 0.01 -
RS 0.54£0.04°  0.74+0.03°  1.03x0.06" 0.69+0.01°
1 2(5H)- " ) 4.29 72990 8220  C4H,0, 0.04 0.04 0.05 0.04
2 Tiz+ =B 1603 116549  82.15 C;pHy0, 0.04 0.03 0.24 0.04
3 ek 2342 143437 9417  CoHeO, 0.02 0.06 0.23 0.04
4 R A B 2476 148758 8242  CyHs0, 0.06 0.12 0.11 0.07
5 Z SR A B 2576  1529.05 9038 C,;H,0, 0.38 0.48 0.40 0.49
AR 0.05£0.00°  0.05+0.01°  0.07+0.01* 0.06+0.01°
1 25-Z5-34-=Fi-okvh 6.18 82625  83.67  CeH,,0 0.05 0.05 0.07 0.06
Bk 0.35£0.04°  1.53£0.13°  1.73x0.10 0.38+0.02°
1 2,4- BT A RE 2520 150541  93.66  Ci4H0 0.35 1.53 1.73 0.38
%% /(ug/g) 4559+1.97° 42.39+126° 75.94+2.95" 53.34+1.97°

E CORTFAEMERRE; FUTRE NG FERTH KN 6 £ 7 R F ML p<0.05 KF, FF.
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Table 3 Analysis of main aroma components of Baimudan tea

AT F0=3)/(ug/g)

Ve FEHAAS 75 D Mz VIP{E pfa
1 B S 139£0.05°  128+0.04°  146+0.13®  1.58£0.04* 093  0.01
2 LR -B-T 3.88+026°  236x029Y  7.05£0.14°  4.87+032° 230  0.00
3 RPE 1.86+0.10° 1.84£0.15°  2.2440.12° 1.98£0.04>  0.66  0.01
4 3-%H 1.75+0.10° 1.08+0.12¢ 3.25+0.06" 2.18+0.13°  1.56  0.00
5 3-H H-2-BR . b- 1B 1.77£0.03*  1.66+0.08"  1.62+0.11*  1.68+0.08"  0.82  0.20
6 LA BT AR B B 0.55£0.01°  0.57+0.01° 1.00£0.07*  0.82£0.03°  1.03  0.00
7 EREait 1.7740.11°  2.63£024°  471:0.16*  291+0.17° 261  0.00
8 KB 2.90£0.19°  5.04+026°  7.04£036*  1.72+0.07° 376 0.00
9 2-HhER T ES 0.92+0.04°  1.08+0.03*  0.71£0.03°  0.66+0.03°  1.04  0.00
10 (3R’6S)'2’2_’261'{itz§é$;%£@g 0.6040.04°  0.8440.11°  1.51+0.08°  0.66+0.05° 128  0.00
11 KApiEs T e 2.64+0.17°  248+0.08°  324+0.17°  3.66+022° 236  0.00
12 Aot B2 10.34+0.40°  6.00+0.52°  18.16+0.62°  12.46+045° 3.81  0.00
13 (B)ATALE: 0.66+0.04°  0.40+0.05°  1.01:0.08  0.86+0.01° 094  0.00
14 (B)-F+HR 2.03+0.13°  0.74+0.09°  3.07+026*  1.87+0.06° 236  0.00
15 ‘[‘4[?5]251 iﬁ_ 373; 2;;; 1.65£0.05°  1.7120.09°  1.90+0.08°  231+0.08 221  0.00
16 2,4- =T A REy 0.35£0.04° 1532013  1.73+0.10  038+0.02° 239  0.00

EBFARMEZ/ (1) 31.98+1.36°  28.69+1.229  58.99+237*  37.21+1.40° 0.00
FEEHARBS & EE A% 70.12 67.65 77.68 69.74
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R
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Fig.2 PCA (a) and HCA (b) of aroma components of Baimudan tea of different varieties
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Table 4 Aroma components with VIP>1 from PLS-DA model and their p values, odor description

5 HEmRS VIP{E pfh ArkFhik
1 Aot B2 381 000 HORLLAE. HAGE
2 KB 376 0.00 BARFAEA
3 ARE 261 0.00 Vi
4 2,4-—BT AOREy 239 000  EMREBGRA
5 (B)-Fetig 236 0.00 BRRE
6 KA B T B 236 0.00 LG
7 Jo e PsE N 230 0.00
8 4-[22,6- = F 3K-7-R 2 = 3K [4.1.0)&-1-4]-3- T M-2-BR 221 0.00 -
9 E S 1.81 000 RARY 2SS
10 3-B M 156 0.00 ANARA
11 LA S 144 0.00 i
12 (E)-3-THnBg 132 0.00 HA
13 (3R,65)-2,2,6- = ¥ J-6- Thin A w9 & -2H-vttih-3-B3 128  0.00 A
14 SR N B 1.16  0.00 A
15 44-—F R+ 115 031
16 24 BR B 1.04 0.0 HEUEF A
17 LA BT AR BR B 1.03  0.00
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