MR EmBE Modern Food Science and Technology 2026, Vol.42, No.5

TEAEE BRSNS ERERRERE RS
SESHSHH

B, B, #HWE', LHE’, Hine’, HHER’, FTRT

(1AL RFREEZ, BEHT 353011) (2. KAFREFERBFR, BEREK L 354300)

(3. B Ak LA F BRI TR RALART AT, ATTALMN 311400) (4. 45324 B SER-TA RG], #BEFN 363806)
(5. BERMRKFRELFR, 4@&iaM 350002)

E: ARR IR F LB FH AU SN F Lo R R e9%m, AP F@ =t wkdtd (CK1) Ffetwrizd
(CK2) AT, H AR E#Eet 2 k3EF (DY) fefet 3R4EF (DY2) A2, st @ars Aot g . 1%
AR FE AR BAT T . S RAY, CK2 BRERMESF (93.109) 2FZH T A (P<0.05). AR
8938 dn, THARGIE “HEet 7 PKZFhd. B LH. kR F ST AR A, WnREBRFHESE. N4ATEL
BAEAY LM 76 MRS, 0B 10 KE; A THARS S FE 769 PCA A PLS-DA A2 T4 2 X 45 R R 4 2
a5t e s H—F L VIP>1. P<0.05. OAV>10 4 fbit 4ctb, #he 5488, wIwk. #E04REE 5 11 AP0 h F B R &
AR EFE R Z AWM. AR R A FERGUF ot Rt T LR35 SRR RAE T 22 RIE.

KBEIR: AARRNG; Eet R BB R AR AR

EHS: 1673-9078(2026)5-346-356 DOI: 10.13982/j.mfst.1673-9078.2026.5.0271

Sensory Quality, Biochemical Components, and Aroma Profiles of Light-scented
Tieguanyin Tea Under Different Shaking Treatments

ZHOU Yanhua', FENG Hua’, YANG Shuangxu', SHEN Danyu3, XIE Jiequan4, GUO YalingS, WANG Feiquanz*

(1.Department of Management, Minbei Vocational and Technical College, Nanping 353011, China)
(2.College of Tea and Food Science, Wuyi University, Wuyishan 354300, China)(3.Research Institute of Subtropical
Forestry, Chinese Academy of Forestry, Hangzhou 311400, China)(4.Rijin Tea Co. Ltd., Zhangzhou 363806, China)

(5.College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: To investigate the effects of different shaking treatments on the quality of light-scented Tieguanyin single-leaf tea,
four processing treatments were designed. Four-time shaking of moderately opened three-leaf shoots (CK1) and four-time shaking
of single leaves (CK2) were used as controls, while two-time shaking (DY1) and three-time shaking (DY2) of single leaves were
applied as experimental treatments. The sensory quality, major biochemical components, and aroma composition of teas produced

under these treatments were systematically compared. The results showed that the comprehensive sensory quality score of CK2
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(93.10 points) was significantly higher than those of the other treatments (P<0.05). In single-leaf teas (DY 1 and DY2), increasing the

number of shakings led to significant decreases in the contents of water extract, tea polyphenols, caffeine, and the phenol-to-amino

acid ratio, while the amino acid content increased significantly. A total of 76 aroma compounds belonging to ten chemical categories

were identified across all treatments. Principal component analysis (PCA) and partial least squares discriminant analysis (PLS-

DA) based on relative aroma compound contents effectively distinguished tea samples subjected to different shaking treatments.

Further screening using variable importance in projection (VIP)>1, P<0.05, and odor activity value (OAV)>10 identified key aroma

compounds, linalool, indole, nerolidol, and 11 other components as the key contributors to aroma quality differences among samples.

These results provide a theoretical basis for process optimization and quality improvement of light-scented Tieguanyin single-leaf tea.
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Table 1 Process parameters under different treatments
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Table 2 Sensory evaluation results of light-scented tieguanyin with different treatments
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% mE Ry B R4 B R4 By B d#h
s N R cn . b
CKI1 Y4k, B4R 89.17 44, 9% 89.67 90.00 ¢k, 4F 89.67 #FE, HHF 8617 88.79+0.53
HA
. PaE e T
DYl [, H% 8400 GEHE 8633 H}f ﬂ%g@:‘" 81.83 #£:k, #HL 8033 #ihik, 4% 8533 83.12+0.52°
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0.05).
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Table 3 The content of biochemical compositions of light-scented Tieguanyin

A AR CK1 DY1 DY2 CK2
Kz 4/% 39.37+£0.22° 41.27 +0.26° 40.02 +0.33" 39.31+0.43°
Z 58 /% 15.60 % 0.15 16.18 +0.11° 15.81 +0.09" 15.13 £ 0.10°
AR /% 1.86 +0.04° 1.65 £ 0.06° 1.78 +0.02° 1.84 +0.05°
AR/ Yo 3.24+0.05° 3.19 £0.02° 3.15+0.04" 3.08 +0.08"
TR/ (mgg ) 33.52+0.15" 31.81£0.31° 3323 £0.05° 32.78 +0.06"
% AE/(mgg") 8.57+0.07" 8.63+0.12" 8.35+0.06" 7.72+0.07°
REE Y% 0.21 £0.02° 0.27 £0.02° 0.22£0.01° 0.21 £0.04°
FUE /% 1.86 £0.06° 1.57 £0.03° 1.68 £0.04° 1.77 £0.06"
TBEI% 2.41£0.03" 2.18 £0.04° 227+0.04° 230+0.02°
B R 8.61 +0.07° 9.81 £0.05° 9.07£0.16° 8.26 £0.05°

E: RATRR N R AT RRALEEGERE LR (P<0.05), FTAR.
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Table 4 The relative content of aromatic components of light-scented Tieguanyin (pg-g™)

G E/, RE

FP e min Fe i VIP p DY1 DY2 CK2 CK1
1 FB: 11.25 859 1.02 0.00 1.55£0.04" 1.45+0.03 0.76 £0.03° 1.47 +0.04°
2 2-T3h-1-TER 18.34 1012 0.87 0.10 0.88 0.56" 1.18 £0.01°  0.76 +0.02° 0.51 £0.02°
3 BAH AT 20.29 1058  0.94 0.00 0.68 +0.02° 0.61 0.03° 0.75 +0.04° 1.15 £0.08"
4 FAeEE 21.43 1084 1.12 0.00 2.47 £0.03" 2.60 £0.08" 1.06 £0.06° 2.58 £0.09"
B O KTBEF 22.05 1098 1.03 0.00 2.16 £0.05° 1.33 £0.03° 1.37 £0.03° 2.81£0.13"
* 6 At 51z 11 24.16 1155 1.05 0.00 0.89 £0.02° 0.62 +0.05° 0.74 £0.05° 1.20£0.01°
7 2-IR Tk -1-B% 27.19 1243 1.04 0.00 0.07 £0.01° 0.11+0.01° 0.01 £0.01° 0.23 £0.02"
8 P FL A B 35.48 1538  0.88 0.00 2049 +0.65'  23.07+1.51° 27.02+1.20° 32.37+0.68"
9 & B 35.73 1548 0091 0.00 0.32£0.03 0.27 £0.02° 0.20 +0.02° 0.38 £0.03"
10 TANEF 36.99 1599  0.99 0.00 0.35+0.03" 0.21£0.03 0.18 £0.02° 0.36 +£0.02°
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min Ed
1 KA 15.30 950  0.94 0.00  0.01£0.01° 001£0.01° 0.01=0.01" 0.37 % 0.02"
2 2,4-fr —H 16.98 983 1.35 0.00  026%0.02° 0.45+0.04° 0.01 £0.01° 0.17 £0.04°
3 B2~ Bk 1972 1044  0.89 0.00  034%0.04"  0.24+0.04° — —
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73
£ 5 B 2533 1187  1.07 0.00  0.65+0.05° 020%0.02°  0.16+0.03° 0.25 +0.06"
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1 AR N 1852 1017  0.89 0.00  222%0.09° 1.17+0.04°  0.34£0.05° 0.26 £0.03°
2 (E) -f-% $h¥% 18.7 1021 0.88 0.00  0.77+0.06" 0.44+0.04°  0.03 £0.03° 0.16 £0.05°
3 B 3k 1917 1032  0.88 0.00 21.01+120° 1636+0.72"° 8.85=0.47°  11.03+0.93"
4 oW 2194 1096  1.20 0.00  11.89£0.72" 1031%0.67° 6.63%0.34° 5.67 +£0.34°
5 x4 1) 22.29 1105 086 0.00  023%0.07° 0.19+0.03"  0.20£0.02° 0.36 = 0.05"
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9 T i M 2975 1325 083 0.00  0.25%0.04° 021%£0.03* 0.17£0.02° 0.28 £ 0.03"
10 B-BEE 31.05 1371 098 0.00  0.68+0.06° 045+0.06™  0.39%0.02° 0.50 +0.04"
11 AR 31.97 1403 1.4 0.00 1.99+0.11°  2.71£0.07°  2.56+0.09" 2.34£0.07°
" 12 S-A AR 32.21 1412 1.06 0.00  1.55+0.06"° 0.92+0.06° 0.89+0.02°  0.82*0.04°
A 13 Z AW 3247 1422 0.95 0.00  0.78+0.07° 0.44+0.04°  034%0.02°  0.40 £0.06"
14 (E) -f-"Rb 3259 1426 1.06 0.00  1.10£0.06° 0.77+0.06°  0.84=0.05° 1.30 £0.06"
15 o-F AN 3297 1441 120 0.00 — 0.02£0.01°  0.00%0.00" 0.07 £0.02"
16 O-FFHs 33.17 1448 0.8 0.00  0.13+0.02" 0.08+0.01" — —
17 AR 2 W 3339 1457  0.99 0.00 041002 029+0.04° 0.26*0.02° 0.35+0.03"
18 a-FHtih 3355 1463 0.96 0.00  1.44%0.08" 1.06+0.08  1.10+0.07° 2.53%0.09"
19 S- AN 33.86 1475  0.96 0.00  028%0.03" 0.17+0.02°  0.14£0.02° 0.15+0.02°
20 o-iE R 3395 1478 091 0.00 17.99+0.60" 19.96£0.65° 2221=127" 31.11£1.01°
21 -4t b 3442 1496  1.05 0.00  025%0.03° 0.19+0.04°  0.30£0.02° 0.37 +0.04"
22 S- AN h s 3447 1498  0.81 0.00  043+0.05" 035+0.06°  0.23+0.02° 0.26 0.03°
23 a-FAM 3496 1517 1.20 0.00 — 0.11 £0.02° — 0.18 £ 0.03"
24 *A8 8 36.06 1561  1.06 0.00  046%0.06° 023+0.05°  0.35£0.03" —
25 + % 3633 1572 0.57 037  0.11%0.03*  0.13+0.03"  0.13£0.02° 0.15£0.01°
1 6-F -5 -2- 16.29 969 1.21 0.00  036%0.04° 0.46+0.05°  0.06%0.01° 0.25 +0.04°
ﬁf 2 IR - 35 A 3112 1373 091 0.00  1.08%0.04° 1.17£0.07° 1.53%0.07" 2.01£0.10"
w~
3 -4 B A 3345 1459  1.14 0.00  0.12£0.01° 0.18£0.03" 0.15£0.01" 0.20 £0.01°

351




MRE SR Modern Food Science and Technology 2026, Vol.42, No.5
&R
i 1o ® E‘iﬁ R/ 4‘;‘;’: VIP P DY DY2 CK2 CK1
1 KT B T 36.07 1559 132 0.00  0.07+0.02°  0.15+0.03°  0.02+0.02° 0.13 £0.03"
2 F MR ER T B 11.82 873 0.91 0.00  13.79%+0.93" 11.04+0.80° 3.35+0.11° 473+0.11°
3 7 BRI T A 12.35 887  0.86 0.00  0.12%0.04°  0.08+0.02°  0.01+0.01" 0.12£0.03°
4 TE T 8S 16.79 980  0.86 0.00  0.69%0.07°  0.50+0.04°  0.24+0.05° 0.39 £0.06°
5 B4 8% 4 B 2316 1128  0.86 0.00  0.53+0.06° 038+0.04°  0.25+0.03° 0.38 £0.02"
6 NIR-3- T M AT B 2456 1166  0.96 0.00  1.09%0.07° 095+0.07°  0.35%0.05° 0.78 £0.04°
7 TERF S 2477 1172 091 0.00  024+0.03" 0.17+0.04°  0.07+0.02° 0.37 £0.06°
8 KA ER T B 2499 1178  0.94 0.00  0.48+0.07° 037%0.04°  0.19+0.03 1.46 +0.06"
9 BN ¥ A 2609 1209 093 0.00  158+0.07° 130+0.05°  0.46+0.06° 0.85 +0.06°
ge 10 2-FHR T BRetBYEE 2625 1214 0.88 0.00  027%0.05  0.17+0.03°  0.02+0.02°  0.25+0.06"
X 1 K LB AR B BS 2675 1230 097 0.00  048%0.04  056+0.04°  0.92+0.06" —
12 KUK LB 2695 1236  1.09 0.00  025%0.01"° 0.27+0.03" — 0.32 £0.04°
13 TE22-ZWHAAAE 2789 1265 0.94 0.00  0.08%0.01° 0.12+0.01"  0.27+0.04" 0.14 £0.02"
14 LB At B 2795 1267 085 0.00  031£0.02° 021£0.02° 0.15+0.04°  0.18£0.03"
15 HB2-R T ABS 2844 1282 0.94 0.00  3.42+041° 253+0.12° 2.01%0.11° 4.14+0.12°
16 T B vt BB 30.58 1354 095 0.00  453%0.12°  3.05£0.06° 2.38+0.15° 3.18£0.14°
17 28 T 3072 1359 0.89 0.00  0.70%0.07° 0.57+0.04° 034+0.04°  0.65+0.06"
18 p-TER LB 3234 1417 094 0.00  0.41£0.02° 033£0.03°  0.25+0.04° 0.88 £0.02°
19 W B ot B g 3583 1552 091 0.00  028+0.04° 0.19+0.04°  0.02+0.02°  0.25+0.04"
20 T-2-F LB 3735 1616  0.94 0.00  023%0.04  023£0.03° 042+0.04° 0.52 £0.04°
1 SRR N B 2615 1211 135 0.00  0.03%0.02° 026+0.03° 0.16+0.03" 0.06 £ 0.02°
no 2 —AXRANB 1935 1036 149 0.00  0.02%0.01° 023%0.04°  0.09+0.02° 0.12£0.03
B3 Hak 2169 1090 136 0.00  0.02%0.01° 024+0.06° 0.14+0.01" 0.16 £0.04
4 KA B 3372 1469 097 0.00  2.60£0.08"  255+0.09° 2.81£0.10" 2.35+0.10°
ﬁf 1 > Z;%E'IT’Z&;"% 2574 1198  0.89 0.00  0.16%0.04  026+0.02°  0.31+0.02" 0.46 £ 0.05°
Ty Rotrom 30.8 1362 0.86 0.00  0.12+0.03°  0.08+0.02°  0.03+0.03° 0.14 £0.02°
E;Z\ 1 TAREE 3678 1590  0.86 0.00  036%0.06° 0.40+0.05  0.50+0.03" 0.67 £0.05"
A
i 1 K THE 2299 1124 0.92 0.00  2.14+0.13" 221+0.13" 227+0.11° 3.46 £0.08°
e
f 2 3|k 2829 1277 091 0.00  20.79%0.77° 21.99+1.06" 2326+1.21"  33.25+0.95"
2
Py
i{g 1 2- iE AR 16.55 975 1.26 0.00  0.07%0.02"  0.13£0.03" — —
¥
B 157.15£6.41° 14537 +5.86° 124.86+3.33" 167.89 £4.39°
E 7 ATEE ARG ALME| R E.

352




MR @R

Modern Food Science and Technology

2026, Vol.42, No.5

232 ATFPCAFHCAM RR A E A AR KIS 5
LRI

PCA 1E A —Fh o M B i R0 07, T2 M
FF AR A SN T 72 R b RS i -3 e
Bl 2a fir7w, 2T &S5 ARG & A4 i PCA i Y
(R’4=0.79, 0°=0.61), RELIBANFEMs, HEB
FIRRERRIE 80.50%, WHE | AR FEEF L. H
BRI, AN TR A3 75 B oW 25 45 R A B 21X 45
H DY1. DY2. CK2 F1 CK1 ¥ 57 73 Aii 75 K [&] 4 R
H, RFENHESRBIEFERHEES. BIREE
AR ER (HCA, B 2b), DY1 AIDY2 BT 1
B, CK2 Ml CKI1 730l RT3 AR TR AE, K9] 4
RREHEFTHNE & RS R 50T 4 kEH
BTl i & B M “ BRI 2R 7 IR SURRE L AFAE L
KZERR, 105 #HZERVN R, EEMEUE “H
W27 5 G R T2 B i A Bk 0 IR 7E A U
E IR ZE B, i B B 7 BRI SR A7 A 1 X0V
RGN I E R .

a e CK1
15 F
10 F
S|
5‘ 0 DY1-2a DYI-1
N DY1-3 py2-2vyQl
¥ Sr DY2-1
-10F
-15
_20 1 1 1 1 1 1
=20 -15 -10 -5 0 5 10 15
PC1 (43.4%)
m CKl
b m CK2
300 |
m DYl
250 W DpY2
F 200
T 1s0f
100
50
0 l_tl—l | I —— 1 | — ——

DY1-2 DYI-1 DY1-3 DY2-2 DY2-1 DY2-3 CK2-2 CK2-1 CK2-3 CK1-2 CKI-1 CK1-3
B 2 BEERHKUE TS K PCA F1 HCA
Fig.2 PCA and HCA of aroma components of light-scented Tieguanyin
7#: (a) PCA, (b) HCA.
233 EREARN L
PLS-DA 1E N — g & 0T B0 550 73 # U5 vk
FE S 025 VF AR AR AR B T i A
K 3a T, 2T AN AR 7 AL B AR5 2 A M
XF & B A PLS-DA K7, Bt 0 AN [F) Ab 2135 7 1Y

B E R FEARATE RX 5. ZHEM A S ECN
R’:=0.94. R’,=0.99. 0°=0.98, FWHLEHFE =K
SRR AT BE 1. R T VT R R 1 A Ak
B, X H AT 200 A X UE R B AL (B 3b),
SEREOR, R=0.14. Q’=-0.51, ViWIPFTHIE PLS-
DA BRI B A R 5EtE, AHEESMEIRE™, Hi,
ZAE AL IE B T 6 AN [ Ak 3 7 A 2O R AR A
FI 53 B o

a e CK1
15 = CK2
ADY1
10 - CK2-1 vDY2
5F CK2-3®CK2-2DY2-1
= 0 DY23¥v DY2-2 py;.3
= DYI-1™apY1-2
-5 1 CKl1-1
CK1-38
10r CK1-2
-15 |
_20 1 1 1 1 1 1

b
1.0 M A
08F o . __’_______.---:_‘,‘,/
06 g g " e
N "" l// oR2
= Qi 02 L. e /_,/. =Q2
0.0 I
-0.2 //' l
”0.4 -/
_0.6 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
S E AN

B 3 BERGNEESH S M PLS-DA B4 B R H 3 RIGTEE
Fig.3 Score plot and cross-validation model of PLS-DA model
for aroma components of light-scented Tieguanyin

vE: (a) PLS-DA, (b) R XIEAER!,

7E PLS-DA 84, VIP fH 2 i & & A8 58X o 2K
IR TR () SCBEE AR, Sz T AR &
A A IR VORI ST T — K VIP> 1
BN B, A Ak B2 bR o () A8 B %o 28 X 4 L
A,  HHEEUE KNS AR S AR AN [F] 207 (8] 1) 22
SRR IEAXPY, M4, K408, 24 DESH
SrH VIP>1. P<0.05, 3RBIX LAl P7EA [F] b3
(MAAAE S5 22 5, TR R X 20 A [oi) A B 355 7 Y A 00
AMAEA ) G 22 e B Uy . RN, BEAERUE. T
IR T e -2 80f. Wk, o-VEWR M. HR-2-H 2
FNEE. JTREEE. RO, BRI RA A R o
BERENS, WEA NS, HE. LRE.
75 A SRR, X T R A [F] b B i A S
AT ZE S R ) A

353




MK E BB

Modern Food Science and Technology

2026, Vol.42, No.5

VIP{E

®
N
i
<

BE
BE
=8
S0
&
#
B
&

B 4 EERKUZTESH S PLS-DA &2 VIP 55 E

Fig.4 VIP score diagram of PLS-DA model for aroma components of light-scented Tieguanyin

234 RRRAEEARGUE R EFEARTY
HCA

WS fros, T 24 AN 22 7oA S A 5 1A
XFE BT HCA 707, A F AL BSR4 3
ANREE, Hoh, CK2 Ml CKI1 205 B N2k, DY
MDY2 B, ZEREE 20 41—, HHIX
24 NS B R R AL FRE B R 3 AR R E R
(1) SR o il

I

HEE | BHIASE
I T 2 R 2.0
HEN _| 2,4-PE A 15
([ [ | 7 HEN o
[ B0 6-mt-s-piss-2-m ‘
HEN [ [ | B W rmoss 05
HEN [ KL LR 0.0
HEE ¥/ 05
[ ] SR -1.0
O gt 15
| | I s qe e 1L a0
O | [ [ EeAs :
[ [ ] | [ 1| KoWETe
| | . | pEIL
aIn | | |
EEEEEEEE a- TN
o | | [ [ [} RN porrrykims

[ [ N s s
HER [ |

| [ [ | N EiPR
[ [ [ ] | [ s

VA AP A AP AV D D AV A s

VA ar » .V » N ™
&”é%*%*‘z*‘o*‘&&:%’%*”&”
& 5 U E 24 NEREBER B LERE

Fig.5 Cluster heat map of 24 different aromatic components

in Tieguanyin tea

WL ot RI (B5. £4), ZEAERK. 2%
B, FHEE. - MIAGERAGEAE. Mind. B
FEMAF R TIE DY Pa ik ik &8 m T HAb R
A 2,4-PF IERE . TEE. 2-1ERIEEMKIE . 6- FIL-5-PE
W-2-T. XHROEE. KOMRAK LT —AFEN
Me. MIKRME. HER, —ABEARERAAEE. F

354

. AE . EENESRSTE DY2 P EARRIEE S
FHAMREA ; p- RFTEERE. ZEAERK. —AIFHEN
R BAIRA . EEMEENESSTE CK2 H ik
RILEE S, W 24-BEIREE. THE. FB. KRR
LBg. RIBELEERGHE. WEEMEENE
SRS E CK2 R R R RAG: A o5 ez 11 .
KLWE. (B) -p-IEWRHs . p-LhmHd. p-R B, 2- ¥
Ofi-1-BE a- 5. KRR OBRERAIE. EE.
PR F B SR AE CKI sk R ik B T HAl
BEA. SRR, REOEM. BB, FrESE 24 4
T F2 X 53 A ) Ak 38 1) 375 7 A 0355 A 11 K e
5y, R X e 7 A2 24 5 T LD R R SRR R AE
HARHEAR TS S RAZES, WhEZFEARR L
HH A B S R A, XS ERE
TS RIEEAYIE
235 RRAEFERGUNE RIS ZENF T
OAV H T V¥ fifi B Al o0 XF 4% I FF b 75 S 5T
BRUZS, — N OAV > 1 [ 7 43 WA\ ot 2%
7S EA TR, OAV > 10 [0 A4 EE Y. 4
KSR, WHHEHB17TAFESES T OAVE KT 1,
H 4 DY1. DY2. CK2. CKI1 H2 5H 16, 14. 14,
16 NES AT OAV > 1, 3T OAV>10, fifiik i F7
FEEE, ERE. Mibe, 250, REIERUE. B-KPW. p-%
. RFTNEE. a-VEWRME . ID-SRFTER . S5 i
B 15 4 MREARTSIITTRRE R H . A FEFEAE
BRI, BAMEEN 2-1E IR FE DY, DY2
HRT 1, AHERED - I B/ CK2 h KT
10, 0] WX 2E2H 73 ] B 21X LeRE SRR MR A SR
BT T RIS, B AE U | a- YW M| Wi L 5% A
TRACEFERAHE . RESSREE S HEFRY
S T BH A B A S T A R, X TE AR
Fo A3 B EDIE .




MREmBE Modern Food Science and Technology 2026, Vol.42, No.5
x5 FRAMEHMZOAV> 1HESH S RESKHER
Table 5 Aroma components with OAV > 1 and their odor descriptions
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