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W OE: WEKET/ATARBER, B TREARW RN —, BT, 2505 A T R A KA A
ARAERK MG (AMESY ) |, HHIZE RS E8KAE HE X5, AR AEKABE&AAT, REBEKIEENE
SMERY) el e a5 ARBE9E R A A% Btig B ( gas chromatography-mass spectrometry, GC-MS ) FIE &%
WA 3% (high performance liquid chromatography, HPLC ) ¥R, 54 Zugtil o, R 5 AR ARG TR IR
BATERE AT (B2R) kU5 OlZs ) FRWB. W5 M NFERER o 455K W] . A GC-MS AR
E 261 FIER Y5 3l 3 5404 ( principal component analysis, PCA ) 5 1F 28 e /> —- 7€ 4] 51 43 #7 ( orthogonal partial
least squares discriminant analysis, OPLS-DA ) "J %1, H $X4: KOKANIZEH FE 55 KAL) AL A9 B SR B &S B
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Quality Difference and Its Forming Material Basis of Wuyi Shuixian
Rock Tea with Different Management M ethods
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Abstract: Fujian Shuixian belongs to the semi-tree form of tea plant (Camellia sinensis), which is the main variety for
processing Wuyi Rock Tea (WRT). At present, there is a widely phenomenon that Shuixian grows naturally (no-pruning)
in the management of tea gardens of Wuyishan, and its quality is obviously different from that of pruned Shuixian. In
order to clarify the basis and differences of aroma and flavor substances WRT under natural growth and pruning condi-
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tions, this study used gas chromatography-mass spectrometry (GC-MS) and high performance liquid chromatography
(HPLC) technology, combined with multivariate statistical analysis, to explore the internal relationship among aroma
substances, flavor components and quality of WRT before baking (raw tea) and after baking (finished tea) under natural
growth and pruning conditions. The results showed that 261 volatile compounds were identified by GC-MS technology. It
reveals that there are obvious differences in aroma substances between raw tea and finished tea of the natural growth
Shuixian and pruned Shuixian with the help of principal component analysis (PCA) and orthogonal partial least squares
discriminant analysis (OPLS-DA). Compared with the raw tea of pruning Shuixian, the raw tea of natural growth Shuixian
showed significant differences in 41 volatile substances (Selection standard: VIP>1, and the FC=1.5 or the FC<:0.67), in
which the relative content of hexyl hexanoate, plant alcohol, isophytol, trans-nerolidol are higher, however, the relative
content of B-cedrene, y-junitene and 2-methoxyfuran are lower. Compared with the finished tea of pruning Shuixian, the
finished tea of natural growth Shuixian showed significant differences in 71 volatile substances, such as hexyl hexanoate,
methyl caproate, trans-nerolidol, (Z)-p-farnesene, 1-heptanol, 2-heptanone with fruity aroma, and 3-ethyl-1H-pyrrole,
2-formyl-4with baking aroma, whose relative content are higher. There are also great differences in aroma substances
between natural growth Shuixian and pruned Shuixian before and after baking, with 91 and 70 different substances re-
spectively. The analysis of aroma activity value (OAV) showed that (E)-3-hexenol, indole, trans-nerolidol,
epoxy-p-ionone, (E)-linalool oxide, 2-phenylethanol and methyl salicylate may be important substances for the aroma
formation of natural growth Shuixian. Analysis of the main flavor substances showed that there were obvious differences
in catechin components and caffeine between natural growth Shuixian and pruned Shuixian. The results of sensory
evaluation are consistent with the results of physical and chemical test, showing that natural growth Shuixian with rich
fruit fragrance, mellow taste and better quality. This study has a guiding role in scientific management of tea gardens and
tea quality control.

Keywords: Wuyi Shuixian; natural growth; pruning; raw tea; finished tea
DOI: 10.3969/j.issn.1000-2561.2024.03.015
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Tab. 1 Relative contents of top 60 volatile compounds ng/g
%55 No 4% Compounds Gl G2 D1 D2
1 LI 48.32+3.90 49.88+4.29 35.19+0.81 38.44+4.93
2 SR AL A 35.17+2.60 23.9943.07 20.36+0.29 15.46+1.83
3 (Z)-3-C. 4 O IR g 30.29+2.20 28.78+2.80 19.39+1.23 14.78+1.13
4 (Z,B)-3,7,11-=H 3£-1,3,6,10-+ —f)#& 23.11£1.90 15.13+1.85 29.35+0.71 18.55+2.30
5 s R AV ) 22.55+3.46 15.08+1.19 18.32+0.99 17.63+2.31
6 (Z)-PYH-6-(2- 1% s 5 ) -2 H- Nl g -2 - 20.04+1.86 22.98+2.84 12.09+0.53 14.96+1.25
7 JIGE 5 5 2 e e 2 il 19.63+3.83 15.54+2.73 13.03+1.25 24.96+3.91
8 7,9-Z H -5k 16.66x1.75 18.12+2.43 15.45+0.54 14.31+1.54
9 2,5- 2R -4-F N HE-2,4,6- 30 P = -1l 15.61+4.66 33.27+1.23 19.53+1.18 46.77+7.80
10 T it 14.33+0.70 9.40+0.98 12.29+0.24 11.20+1.35
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Tab. 1 Relative contents of top 60 volatile compounds (continued) ug/'g
%5 No. b4 Compounds Gl G2 D1 D2
11 (B)-CL R ,2-C A A i 13.32+0.94 12.21+£1.20 8.39+0.56 6.53+0.52
12 T ) Bt 11.21+3.09 4.35+0.54 6.18+0.72 7.09+0.67
13 (2)-B-T: e 4 11.12+0.39 8.55+0.87 8.19+0.48 4.58+0.61
14 O 1R O iR 10.40+0.85 10.04+1.18 5.65+0.36 4.20+0.35
15 3,7- W HE-1,5,7-F = J5-3- 1 9.76+0.51 18.33+1.15 11.96+0.50 18.30£1.72
16 A 8.35+1.67 4.95+0.57 5.53+0.41 6.32+0.58
17 KIEY 7.94+0.64 6.71+0.35 8.59+0.09 10.10+1.43
18 KNP 7.81+0.45 10.24+2.11 9.28+0.43 12.19+2.83
19 7,2,2-1,5,9.9-P4F $£-1,4,7,- 58 =I5 6.98+0.36 5.41+0.58 5.13+0.33 2.82+0.35
20 A HE 5.92+0.29 4.82+0.25 6.83+0.32 4.84+0.58
21 KA 5.79+1.64 8.82+0.81 6.51+0.17 11.06+1.30
22 2-BEIR O iR 5.63+1.25 7.52+0.78 6.03+0.08 9.28+1.00
23 KA 5.47+0.30 6.06+0.64 5.37+0.16 6.55+0.69
24 + ke 5.31£0.79 4.53+0.61 8.31+0.52 5.51+0.52
25 2-FR 5.20+0.23 4.87+0.32 3.92+0.14 4.65+0.68
26 Py 5.09+0.19 4.16+0.22 5.14+0.43 4.42+0.39
27 KA 5.08+0.90 6.91+0.70 5.72+0.06 8.44+0.94
28 KAy 4.72+2.00 21.75+1.65 4.69+1.87 27.94+4.96
29 KA 4.39+0.34 6.010.50 3.75+0.12 5.05+0.78
30 KA 3.73+£1.22 5.35+0.60 3.82+0.11 7.20+1.25
31 KA 3.59+0.93 5.09+0.53 3.87+0.10 6.63+0.77
32 TS g 3.48+0.40 6.35+0.89 1.93+0.06 5.86+0.40
33 KW 3.36+0.88 7.62+0.31 4.68+0.27 10.13+1.76
34 I - o A7 A A 3.3120.15 2.71+0.20 3.18+0.23 2.00+0.21
35 KA 3.08+0.16 2.68+0.16 3.25+0.21 2.4140.22
36 Ttk 2.69+0.50 2.51+0.47 4.73+0.21 4.07+0.51
37 (Z)- 5 i B AL 2.60+0.04 4.38+0.18 2.58+0.14 3.97+0.38
38 K A% R g 2.47+0.02 2.98+0.20 1.96+0.08 2.39+0.29
39 (2)-3-C A SR T2 2.39+0.23 1.89+0.40 0.99+0.08 0.94+0.09
40 (E)-J5 Kl AL ) 2.15+0.04 2.79+0.11 2.09+0.09 2.53+0.24
41 oK 2.07+0.33 2.43+0.16 2.05+0.02 2.35+0.24
42 KNP 2.05+0.34 5.96+0.30 2.79+0.25 9.04+1.03
43 KA 2.05+0.13 2.08+0.14 1.96+0.00 2.27+0.29
44 b 7 WE 3 TN 1.9440.25 1.24+0.25 1.29+0.07 2.06+0.10
45 (Z)-3-H B-2-(2- e 58 )-2- 35 [ 47 - 1 - 1.9440.10 1.93+0.16 0.82+0.02 0.85+0.10
46 KA 1.83+0.12 1.72+0.18 1.19+0.08 0.88+0.02
47 ENySILY| 1.79+0.09 2.46+0.27 0.61+0.04 1.3340.06
48 (3R,6S)-2,2,6- = 1 -6, J i DU & -2 H- N IR -3 - 1.73+0.08 1.54+0.07 1.65+0.04 1.60+0.15
49 WE-B- 5 = 1.7240.08 1.61£0.16 1.45+0.06 1.55+0.13
50 KIEY 1.69+0.08 1.50+0.10 1.96+0.10 1.46+0.15
51 RLEs 1.64+0.23 1.82+0.30 1.57+0.10 2.13+0.53
52 LIRS T A B s 1.59+0.15 1.57+0.18 1.20+0.05 1.46+0.12
53 JI5E-3- % 4 5 i - 1E TG R 1.56+0.12 1.30+0.08 2.40+0.24 1.38+0.04
54 (B)-3-C. )il 1.48+0.04 1.30+0.01 1.1440.08 0.96+0.08
55 3,7,11,15-PU F B2 7 - 1 - 1.4140.20 0.86=0.08 1.37+0.09 0.95+0.12
56 3,7,11,15-PU0 B B -1 b 3 -3 1.40£0.18 0.72+0.06 1.03+0.09 1.13£0.11
57 TR 2-H 3k-CUfis 1.3840.10 1.10+0.08 2.10+0.22 1.17+0.04
58 (Z)-3-C i 5 T R TR 1.31+0.02 1.14+0.04 0.64+0.08 0.42+0.02
59 B-£1 W 2545 1.3140.06 1.03+0.11 0.99+0.06 0.56+0.04
60 5oL 1,3-98 1.2940.02 1.25+0.24 0.89+0.03 1.57+0.16
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M\ OPLS-DA F7 [1f 5 J 56 UE 25 5 & 30, 7.
# D1 %t G1 (D1 vs G1) A OPLS-DA AL
B3 2 MFERS, RX=0.716, RY=1.000, Q=
0.986, iX 3 MEEAIZHI KT 0.5, OPLS-DA £
RIS MR (% 2) . RX, RY, Q@ =/
PRERFEIE 1, BRSO AT RS, [FIAEHL, BN
D2vs G2, D1 vs D2, G1 vs G2 1) OPLS-DA #&i 71
KRt tl, H RY 235154 0.998. 0.999. 0.999,
PAER T 1, SRR RERE TR, R Q7 4
WIS 0.981, 0.993. 0.969, ¥ NAERAYEA,
IASBEFE T 57 f OPLS-DA U )4, i
WAl 5 HA B, BB A U BB 55K LS H
SRAER KA Z 8] B KT P R 2 5
JEAT RS VIP E 53 B i vk 25 45 R VE I o

#* 2 OPLS-DA #ELTMH &
Tab. 2 Parameters of OPLS-DA

FEiH Sample RX RY Q
D1 vs G1 0.716 1.000 0.986
D2 vs G2 0.866 0.998 0.981
DI vs D2 0.791 0.999 0.993
Gl vs G2 0.866 0.999 0.969

T ROXOR REY 435 380 IR a0 X R Y 4E B (0 i e
Q' BIRIMTINRE ]

Note: R*X and RPY represent respectively the interpretation
rate of the built model to the X and Y matrices; Q*: The predictive
ability of the model.
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Tab.3 OAV value and aroma description of volatile compounds

s (7] 7 Ci/(ngg") oTY/
No. Compounds Aroma type Gl G2 DI D2 (ngke™ OAY
1 A wh . R 14.33£0.70  9.40+0.98 12.29+0.24 11.20+1.35 20.00  470.00~716.50
2 L-o-FAVHEE i 0.37+0.02  0.39+0.02 0.43+0.04  0.44+0.04  300.00 1.23~1.47
3 SR . & 5.09+0.19  4.16+£0.22 5.14+£0.43  4.42+0.39 3.80  1094.74~1352.63
4 K -REAE AR i 35.17£2.60  23.99+3.07 20.36+0.29 15.46+1.83 10.00  1546.00~3517.00
5 4-WAE-1- e R 0.67£0.04  0.53+0.03 0.43£0.06  0.29+0.05 0.70  414.29~957.14
6 (E)-3-CLI0EE A 1.48+0.04  1.30£0.01 1.14+0.08  0.96+0.08 0.07 13 714.29~21142.86
7 FHE-3-EE B, 1R 0.5240.04  0.57+0.12  0.85+0.07 0.83=0.14 450  115.56~188.89
8 2K B ALH 5.20£0.23  4.87£0.32 3.92+0.14  4.65+0.68 60.00 65.33~86.67
9 1-BHfE A7 A 0.17£0.01  0.18£0.01 0.12£0.00  0.08+0.01  200.00 0.40~0.90
10 ZKAHmR H g HRIL, 2k 2.47+0.02  2.98£0.20 1.96+0.08  2.39+0.29 40.00 49.00~74.50
11 CRPE R 0.06+0.01  0.35£0.01 0.11£0.02  0.16+0.01 70.00 0.86~5.00
12 A ARG R A IS 5.92£0.29  4.82£0.25 6.83£0.32  4.84+0.58 2.46  1959.35~2776.42
13 (H)-FrE R A 0.79£0.04  1.01£0.05 0.98+0.07  0.92+0.08 10.00 79.00~101.00
14 B-IiFriss R 0.36£0.01  0.39+0.02 0.40+£0.03  0.41+0.03 5.00 72.00~82.00
15 24 HR 0.05£0.01  0.03£0.01  0.06+0.01  0.04=0.01 0.10  300.00~600.00
16 O HE. BEE. B 0272005 0.18+0.01  0.27+0.01  0.16£0.03 2.50 64.00~108.00
17 BEE HK 0.20£0.02  0.00£0.00 0.15+0.01  0.00+0.00 10.00 0.00~20.00
18 ZRHIEE HTE 2.07+0.33  2.43+0.16 2.05+0.02 2.35+0.24  750.90 2.73~3.24
19 FRE-B-5% 20 R 1.72+0.08 1.61£0.16  1.45+0.06  1.55+0.13 3.50  414.29~491.43
20 SFEREANE EF . BOL 0.82+0.02  0.94+0.14 0.72+0.02  1.09+0.10 60.00 12.00~18.17
21 3-34f-2-f 0.27£0.01  0.30£0.01 0.36+0.02  0.27+0.03 20.00 13.50~18.00
22 2-BEfi RE 0.19£0.00  0.42+0.02  0.21+0.02  0.20+0.01 10.00 19.00~42.00
23 4B 1.14+0.10  1.2640.16 0.05£0.01  0.05+0.01  5000.00 0.01~0.25
24 ()-SR AEE 2.60+0.04  4.38+0.18 2.58+0.14 3.97+0.38  500.00 5.16~8.76
25 (B)-FSHEmEE Y HF. BE . EEF 2152004 2.79£0.11 2.09£0.09  2.53+0.24 6.00  348.33~465.00
26 HHE HRT 0.77£0.14  0.71£0.10  0.57+0.08  0.77£0.10 0.025 22 800.00~30 800.00
27 G FEk IR e RS2k 0.97+0.05  1.14+£0.17 1.36£0.19  0.82+0.03 6.00  136.67~226.67
28 ZFEF M P RRF 0.00£0.00  1.91£0.21 0.00+0.00  1.13=0.14 16.00 0.00~119.38
29 M5l I B B AR 48.32+3.90  49.88+4.29 35.19+0.81 38.44+4.93 0.69 51 000.00~72 289.86
30 % SRR, Bk 0.75£0.03  0.83£0.05 0.74+0.03  0.99£0.09 50.00 14.80~19.80
AT A H 22 NMEE MY (OAV>10 ) tea polyphenols, TP ) Joi 25 . HIRAERK KA

X H SRR AN A TSI BEA BRAEH
24 EEHMBEBAERKKLERMRBEERK
MRERSH

30 A A A B RN SR AR K KA B A R 2
MLRBRY T, 45REW (% 4) , Gl ¥k DI,
EGCG. BEfJLAE . MiEs ( caffeine, CAF ) &
W WE; EGC. EC, ECG & W3 A%, JL
ZX & M (total catechin, TC ) FIZE £ i ( total

(s (G2) X B BT KAl 45 (D2 ), EGCG.,

ERLZEE LA R S 0 W 5 MnHER( CAF )

SR BFEEM; EGC. EC. ML EZMIEL
BETBEER.

AN, G2 X G1, EGC. EGCG. ECG,
LR ER ., BERILAER . ILEAREE . KZWmAa
. MNMERR S B ARG D2 XFEL D1, ks
JoE xR, HAR S A RA KK 2
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Tab. 4 Analysis on the differences of main flavor substances between pruning and natural growth Shuixian
between the raw tea and finished tea ug/'g
Ben eI LA R BRBLER
! EGC C EC EGCG ECG Simple Ester TC TP CAF
Sample . .
catechins catechins
Gl 2.41£0.05°  0.40£0.01* 0.59+0.02° 5.69+0.03* 0.44+0.01° 3.40+£0.05° 6.13£0.04* 9.53+0.08" 15.63+0.19* 4.21+0.02°
G2 2.17+0.03°  0.39+0.01° 0.54+0.02° 5.21+0.03° 0.39+0.01° 3.10£0.03° 5.60+0.04° 8.70+0.07° 14.21+0.41° 3.99+0.01°
D1 2.57+0.03"  0.36+0.04° 0.67+0.02* 5.47+0.03° 0.49+0.01° 3.59+0.04 5.96+0.02° 9.55+0.02° 15.56+0.31* 4.05+0.03"
D2 2.14+0.04°  0.33£0.04* 0.58+0.02° 4.77+0.07¢ 0.38+£0.02° 3.05+0.02° 5.15+0.08% 8.20+0.10° 14.92+0.16° 4.10+0.06°

T AFR/NG TR a2 5 B2 (P<0.05) o WiFJLIEE: BGC+CHEC; MEMIJLZE . EGCG+ECG.
Note: Different small letters indicate significant difference among treatments (P<0.05). Simple catechins: EGC+C+EC; Ester catechins:

EGCG+ECG.

MBS (G2 vs G1) EIAHRN AL
SR AR R BY 7K Al RS KRS 1 L 28 28 2043 AL
. KM, RTREE
25 BEMBEARERKIEZTNK SRR
B mRo

CE T IEEE R LR (£ 5) , ASRAERIK
B2 AL A8 1Y i B A UL B BT KA,
GVF A R T s 5B 3 KA 25 R A A5 AR
I, BARARKKMNFE I MR A . A 4L
RAF, GIEEINER . KA B AT R TR
PR ERTELS, HEAWaa Rdmm &, KAl
LA SRR, AMEE ML F ek 4B
O, ORHM TRJGE T R R
AR HEARE, FEEBHOMED?; &
BRI R BRI TR, BNERE, Wk
R P i — 2D g

3 it
TEA AR R R A, 25045 B 7 ] B i
VAT A PN — R Y A B AR A AR AR K i ZR A

BB . A5 00 0T B I B A5 A AU
VR TG L. BORA 2B 2 B PR 4H 2 7 i
A6 5 FE 8 55 25148 T 250 38 Sl A W e Vs 45 4
FINEERFE AT T AT AL 3, WFoT R B IR
5y A5 bl 2 FRAR b A W 1) 32 . RUBEL
MOZUMDER #PUBESE T3 4E 3 a 15 Rl R4 %
7 IR A R AR B TR R AR B BY 5 RN ARAE B 25 B
R RRE, AR A 25 AR, BB A
RAE BT A A AFE A=, FEREN
2=, ARUFFRERW, BEKAIF AR KK
A LR R LA S 2R, &
B AR R S, HEN T BB SR T H R A
KA A 4 5T A X ] T8 B KAl

BB SRM AR A I T T 2K
W LR Yo, EEF YR A=A A
By AL BE A2 iREUK AR R
FLRERZE . WL ML EY . Bk Rk,
B . BERAEd . RRmBECIT ST R, B
JE G By O B S AR B, MR HRA T,
B E TR FRE W E AR . AR5

x5 BEMERERKUBFRMEAFHBRE HITLERITLL

Tab. 5 Comparison of results of sensory evaluation of pruning and natural growth Shuixian between raw tea and finished tea

faf‘ IME (20% ) %EO(uf Z’f) A (30% ) Wk (35% ) M (10%) Céj’fghi

ple Shape (20%) tea (5%) Aroma (30%) Taste (35%) Leaf base (10%) sivepscore

Gl AREMHHM, QFH S8R FRUGAERE. A BE. KPFD IEHKsE. 45, ahE 91.40£0.50°
i, SI

G2 FRBELMHM, OFF BEKRE FRUERE. A EBEE. KDhEE REHS. 55, ahe 93.60£0.50°
. B, SIR

DI ZREGHM, OFFHE . SEME &Kk, BET Bk MEERGE, 5157, grihle 90.40+0.50°
KA, S

D2 RERRLWHIM, GFF B e, AW iz MR RRSE . 4 LR 92.00+0.70°
. M, BT A Bk

T ARVNG PR 22 2 B % (P<0.05) .

Note: Different small letters indicate significant difference among treatments (P<0.05).
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K, BEHEE, HRAEROKAN B A 2
& TEIRBUOABEM A R IRAER TR, X5HS
ST R — B X B BN B 2 A
%, HARAERKANB B2 MR 2R3 B 2 f i
o 7 i AR A R P AP

ROEER A BRI H R 2 LR R A
WO B 25 S R OO AR 2R B AR T4 2R
ARWFFEEERFEW, BT AR A RKOKAN LA R
Ay W A AR . AR,
IR AG B Bk WL A 2% 245 22 B RO e 55 0 2
EF IR (X RRASM g ) B0, RS bl ik
i, R AR AR K AR 2 25 s B BT K
fille BEEH LR, ARERKMMEKZ 2
WEJRERY o A BT KA R G R RS, LG MR ok J3E 1Y)
AT RE SRS AW R OB A TR ROC R

LR BRIy - 2R R R R
BHPEACREN], A RARIKAN i B A BT
BRI BEAh, JET OAV (EXF KAl A
AW AT, TR O E 2 AR AR A X
Yolse, (Hih T ESENER I B P A e
VIR =, FAAE—E R BRYE;  ELX RS k)
JREIBESEER T TILZR R MR 2 W5 S 2eitse il &5
e UL Y LT e A i T P QA S AR EOR
XoF AR AR A HIME BT KA A T2 28 12 7 A 2 R otk
e, it —R5E A SRR KA Y A B2
RIS ARG . AT 0] o T e 2 2% el
BRI iy o 4 SR RS A S ERAE
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