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Effects of altitude and tree age on the biochemical composition of
tea leaves in Wufeng County
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ABSTRACT: Objective To study the effects of altitude and tree age on the major biochemical components in fresh
summer tea leaves from Wufeng County, Hubei Province. Methods Fourteen samples of one bud and two leaves
were collected from tea plants within the altitude range of 217 to 934 meters in Wufeng County. The content of tea
polyphenols, free amino acids, caffeine, and selected catechin monomers was determined. Correlation analysis and
principal component analysis were conducted to analyze the patterns of variation. Results The content of tea
polyphenols was found to increase with altitude within the range of 217 to 820 meters, and the lowest content was
observed in 10-year-old plants. The content of caffeine exhibited a significant positive correlation with altitude, while
no significant correlation was observed with tree age. The content of free amino acids reached its maximum at an

altitude of 610 meters. The ratio of polyphenols and amino acids results showed that tea leaves from tea trees younger
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than 15 years and below 610 meters in altitude might be more suitable for producing green tea, while those above 710

meters might be more suitable for fermented tea production; the results of principal component analysis showed that the

first 2 principal components were extracted, with a cumulative variance contribution rate of 66.21%. The 14 tea tree

samples could be roughly divided into 2 categories based on an altitude of 500 meters, and the content of epicatechin,

gallate, and other catechin substances in fresh tea leaves above 500 meters was higher. Conclusion Tea leaves from

different altitudes and tree ages exhibit varying degrees of differences in biochemical components. Studying the

component content of tea leaves under different conditions provides certain data support and a theoretical basis for

the utilization and processing of fresh tea leaves in the Wufeng County during the summer.

KEY WORDS: tea leaves; altitude; tree age; biochemical components; ratio of polyphenols and amino acids;

correlation analysis; principal component analysis
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B Ve RS AR 3] Yid sk mpE b B gk,
R, CEHSZ —E TIEN s E RN, K 1956
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— P ARSI . Caf BARAN TS RIEEARZE,
ERAFEERIR B L et/ . BTG Yt it pr L
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T 212 B HIER AR THE RO R B AR, A
LI TR AL 14 13 A iR AR 230 0% 212 2
Py - S 1 o 31 5 Y & B 1 o 3 RS
(30°10'42.80"N, 111°04'59.03"E) A A& Fitl . i BEA 4> 11
TEHFIR 217~934 m Z[B], WIBFEMTE 2~25 20, M
R G R R T WA R, R 2 -80°CUKA -7 7%
o RFEEANEMGEILE 1, RNy 2022 4F 7
A28H.,

F1 4 HBAERFEMEHERER
Table 1 Informations of 14 samples of fresh tea leaves
from Wufeng County

7 FEARSGYS  WHom  WRAR KA Hb A

1 WEF-217-10 217 10 =P 1A
2 WF-332-15 332 15 = DR 8 41
3 WE-369-2 369 2 =D 8 41

WEF-369-10 369 10 =D 8 41
5 WEF-450-10 450 10 S AR 8 4l
6 WE-500-2 500 2 SRR 8 4l
7 WE-500-10 500 10 SRR 8 4l
8 WE-510-25 510 25 SR LA
9 WEF-610-2 610 2 e olks 4 41
10 WEF-610-10 610 10 e ok 4 41
11 WF-610-15 610 15 e ok 4 41
12 WE-710-10 710 10 M whht 5 41
13 WEF-820-15 820 15 ERIR 24
14 WF-934-2 934 2 ERIR 24
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H(ERELE, TURERFE R A IR AR, KEE =0, &L
B(akah) ., 2RER . B TR (gallic acid, GA) ., IREFIL
2% # (gallocatechin, GC) . £ B T LA ZE (epigallocatechin,
EGC). JL# K (catechin, C), RHKETILEREE TIRER
(epigallocatechin gallate, EGCG). # JLZ% & (epicatechin,
EC). W& TJLAZE K E T (gallocatechin gallate, GCG).
X ILE R W B T FREE (epicatechin gallate, ECG)Fx ik i (4l
JE = 98%)( IR AE M RHECA B F]); R . R (A
WAk, VAR RSB A PR 5 A RA R, AR
(1 mol/L, f&N R MRHHA R A F]).

12 WBS5EE

ME204 i, 7KK & 0.0001 g). FE28 pH i, HES3
PR K 43 AL (Bt Mettler Toledo 2\ #]); Chromaster
5000 = B0 AR €L 3% 1% (H 78 Hitachi 24 ]); 5910R £ 55 i
BE.OHL(PEE Eppendorf /A H]); Uvmini-1285 47656 i
(HZ Shimadzu /3 #]); Waters XBridge BEH C,q f4if
(250 mmx4.6 mm , 5 um)(3EE Waters A F).

1.3 XWHE
1.3.1 Asara

A5 - fif i A-80°CHKARHCHH IS, AR A AEWHER T
FIRE, BFESfE AOARE A TR AR 1E(1.000£0.001) g 55 A 50 mL .0
Brh, T-80°CUKA % TE -
132 3ALIEFRN

BERPAS O E S A R 3.0 g il FHAREAR I et K
A3 U0 A0 HE S - rh F A R i, TR R &R
PRIy AR EE T T ER A E 4, DUR RS it ARk
TR SR 3 Y F TR B S AR o 2%

U7 B3 R (free amino acid, FAA)HEHCR M & 2

% GB/T 8314—2013 (% it & BEMRME ) , FEE
YAEBERA N 1 g TSN Br e A AFES J5 149 (1.0000£0.001) g
BEZRITREAR, 300 mL F2BOKECH 25 mL, &HLRAAH,
[F] — FE A TE 7 12 T SR IO A6 0 A5 4 b i HLOG B I 7E
BRI

TPs HULAS R KD TS % ZHANG 551Ul i e
PEvk, # RIS R 50 %5 11T TPs & & 1%, TPs
I RE J 2% GB/T 8313—2018 (KM p s A LA
R IRIN Tk Do

B 1 mL FaREESRR, F 70% 1 B /KIRE 255 2 mL
J&i, HESORAR S (high performance liquid chromatography,
HPLCEAMLAS RAEY TR Caf W&, iR MES%
R,
1.4 HaELE

AR BRI 3 REE, SRR
TWZFoR, iR A IBM SPSS Statistics 22.0 # R 1780
R 200, RA /N3 2 5 7 (least significant
difference, LSD)i#17£ & L (P<0.05); FA&{# ] Microsoft
Office Excel 2016 #ifE; PrekES5HRE # H Origin 2018
SERL; AHOCHERIE ) R 1K & corrplot fiFA 743, s
43T (principal component analysis, PCA)f#i | PCAtools 1
BEFT 534, PCA g biplot .45

2 ER55H

2.1 HIEBFRWEMFEL UKD REPEEE ST
Xof g EL R I A A A A HEA T S, AN IV
PHIE B AR BEI A TPs A5 23.11%~33.06%, FAA i
K 2.89%~5.31%, Caf &1 1y 2.88%~4.31%, B4 . (ratio of
polyphenols and amino acids, RPA)N 5.00~11.28, TEILZ 2,

#*2 FIEBEEMEEMHEZE LK S K RPA (0=3)

Table 2 Main biochemical components and RPA of fresh tea leaves from Wufeng County (n=3)

iz FE G5 TPs/% FAA/% Caf/% RPA
1 WEF-217-10 23.11£0.20" 4.06£0.04% 2.88+0.10" 5.70
2 WF-332-15 28.81+0.60¢ 4.60+0.09° 3.11£0.23° 6.26
3 WF-369-2 30.69+0.42° 3.93+0.09° 2.92+0.02° 7.82
4 WF-369-10 24.52+0.70° 4.11+0.03¢ 3.08+0.07° 5.97
5 WF-450-10 24.76+0.25° 4.95+0.20° 3.09+0.10° 5.00
6 WF-500-2 30.94+0.27° 4.60+0.04° 2.94+0.05¢ 6.72
7 WF-500-10 28.8140.14¢ 4.56+0.10° 3.09+0.11° 6.32
8 WF-510-25 32.54+0.49" 2.89+0.05" 3.61+0.03% 11.28
9 WF-610-2 31.1540.20° 5.27+0.06" 3.48+0.05¢ 5.91
10 WF-610-10 30.79+0.44° 5.27+0.14° 3.42+0.18¢ 5.84
11 WF-610-15 31.42+40.11° 5.310.03° 3.51+0.04% 5.91
12 WEF-710-10 33.06+0.62° 3.19+0.07¢ 3.88+0.10° 10.35
13 WF-820-15 32.68+0.40" 4.01£0.07% 3.67+0.08° 8.15
14 WF-934-2 29.81+0.20° 3.58+0.05" 4.31+0.06° 8.32

T FSIARNG PRSI A B3 22 57 (P<0.05), Rl
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FELE A o 18 AL P2 SR04 R o] R R AT FE R AR K
H AR AR T IR T A AR LA B AR K T RE M TPs
HIFLZR . IEAh, (T4 610 m kAL, AR EEH TPs &
HIEEEZERE IF), XFEHERFE 1S5 F LT RIBR AR
AR R TPs it FREEH L ) SR (B 1D, E)
MIBELE, X T 38 B A — e R FREREAIN 15 AFA
B UL A AE K AR TP AT TPs FUR A 5,

AR R 2 FAA SEERFIRIARAT O, A BT 5ok

Fhat 2 Zmn R KRR — s SeRR ST b b
FUFR L THIRFEIL, AR T2 ZocZ A0, i
FIF FAA SRS, HRAEARRIZ HEHE Bos, 3
TR RIS 925 FAA 5 SR BN B3R T8 2 BT
JRFEAR(E 1A~C), Hirp FAA LRI AR HPAE 610 m
TR, IR SR I ARG TR . 1 X R G i J R T B
I TG BT AR B ANE A FAA R, HENSZ 0
FAA BLR 15 R ] B S5O BESR AT 56 . FEIRFRZY 350 m ik
(K 1D), ZEW AR A 2~15 4FHp, ZSREENT (Y FAA & bl
WA M Z; MAEZ) 500 m Fl 600 m AL (K 1E.
F), Bk 25 4EA I 25 M D4k T 0 2 22 5 . X 3R BH FAA
e s TPs LR FEZ S SR LR A 52, 5B
TEHAEIS MG ZS M BN P ) FAA ik, (RU2XF 25 4F
VL AT AT RE RS

Caf JEFRRIXIRAYE BN —, R
A, — B ST Y 2%~5% A A, TR s
— PR AP E AR, BT RO BT EAR T P, Caf
S EHTE FIRIR B2 (B 1A~C), FiliifER T+ BRRH R |
FhEa%y, FUE(ES TR IR T S s ST o REA h, 4
DT B Caf BRI IT RETE B M Ab . Caf & BEFE [N T
(& 1D~F), A5 2~15 4R J0 3% 225 AFEZ 500 m
TFHRAL 25 AEAIES B 300 . HE 2SS 21 A — 2 A9
SR Tt b Caf AR R, X T BT

~o-TPs B 34r o Tps a C34r o 1p
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TE: A 2RI 248, (AR b B: 2R IR0 104F, SURTRRZEAL; C: ZRWIRIIRIS 9 1548, (A RS fh;
D: ZWHRAIEIC332~369 m, (A RIRAEAL; B ZRAGRANIEA N 500~510 m, [UAREAZL; F: 2SR 0610 m,
AR, A E/NG FHREROR 22 5% B35 (P<0.05).

BT Trbde L2t v 32 S A A R BETREA S A R R Al (n=3)

Fig.1 Changes of major biochemical components in fresh tea leaves from Wufeng County with altitude and age (n=3)
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RPA J& TPs 5 FAA MIEL{E, AT ff3E il vk 2
Ffebrz—, Hh RPA /NT 8 AT AEE BLRISRAS, KT
8 (1A A S R AR PO, flhngr Ak, FEAR RIS
15 AERHE LUF A9 FL0G 212 SR ASHITE 610 m i3 L T RPA
BT 8, AIREH IS BRIAESRAS; WK 710 m DL E RPA 3
KF 8, AlReE H IR IEASS; MRSk 25 4ER), 18
510 m (&L RPA 9 11.28, X 56 BSR4 I 1) T 06
212 W AT BB AN E B TSRS .

22 BHRAMMESEEURSBEXED T

AWM E T 25 GC, EGC, C, EGCG, EC,
GCG. ECG K GA &1, W 3 iR, HeEm M RE/IME
N EGCG>EGC>ECG>EC>C>GC>GA>GCG.,

HE AT BENT 25 B0 5 SRR A AR . VBRI T ARG
PESMT, ZESUNE 2 PR . B S HA I 72 [ 0 254
S, T BRI Yo A AR A I 94 R i R R B R R R,
BN HER R AFERHE T TPs 280K 1D, E)S59h o

#3 HEEFMNEMHIRFRESRIZRZSEM=])

Table 3 Content of gallic acid and catechins in fresh tea leaves from Wufeng County (n=3)

FEAR GRS GA/% GC/% EGC/% Cl% EGCG/% EC/% GCG/% ECG/%
WEF-217-10  0.2240.01°"  0.42+0.01%  4.91+0.23" 0.55+0.01°% 8.71+0.25¢ 1.23£0.05>  0.20£0.01%  1.81+0.09¢
WF-332-15  0.26+0.01°¢  0.39+0.02%"  4.10£0.26*%  0.55+0.02°*  11.27+0.76° 0.87£0.10%  0.18+£0.01%  2.29+0.14°
WEF-369-2  0.24+0.00%  0.41+0.01°®  3.76+0.04°®"  0.45+0.01° 13.04+0.16 0.7240.19° 0.17£0.038"  2.41+0.06°
WF-369-10  0.18+0.03¢ 0.41£0.01°®  3.19+0.28' 0.33+0.08¢ 11.12+0.70° 0.3240.13f 0.17£0.02¢"  1.74+0.14¢
WF-450-10  0.22+£0.01°"  0.37+0.01" 3.56+0.308" 0.48+0.01¢ 9.95+0.76" 0.66+0.14  0.16+£0.02"  1.99+0.14¢
WE-500-2  0.28+0.01°®  0.48+0.01™  3.9240.20%"®  0.66+0.05®  12.66+0.11% 1.29+0.28"  0.21£0.01¢  3.13+0.19°
WF-500-10  0.27£0.01*  0.46+0.01*  4.42+0.21% 0.62+0.03*  12.28+0.32¢ 1.12+0.11%  0.2240.03%  2.46+0.09°
WF-510-25  0.29+0.01° 0.44+0.02  4.44+0.16° 0.71+0.04* 14.23£0.11%* 1.32+0.15™  0.19+0.01¢"  3.46+0.09°
WF-610-2  0.25+0.02°¢  0.4240.03%  3.63+0.26"" 0.53£0.09°"  12.7+0.65% 1.58+0.36™  0.21£0.02°¢  3.43+0.21°
WF-610-10  0.24+0.02%  0.39+0.018"  3.48+0.36" 0.58+0.10°%  13.09+0.58% 1.30£0.37%  0.160.01" 3.3+0.36"
WF-610-15  0.26+0.00%  0.44+0.01°*  3.64+0.07%" 0.55+0.03°%  13.54+0.07* 1.56+0.08"  0.21£0.01°"  3.36+0.06"
WF-710-10  0.27+0.01®®  0.42+0.02°®  4.32+0.11% 0.61£0.05*  13.50+0.21" 1.48+0.14™  0.24+£0.02°  3.44+0.07°
WF-820-15  0.25£0.01°  0.45+0.00° 4.27+0.14° 0.58+0.04*¢  14.99+0.70° 1.68+0.13° 0.22+0.01*°  3.55+0.08"
WE-934-2  0.21+0.01" 0.49+0.01° 4.03£0.14%°"  0.50£0.07%"  12.55+0.21¢ 1.22+0.21°¢  0.23+£0.01**  3.27+0.03"
o1 SRS
P @) < (G O )
FAA 1.00 '
tree age —0.27 | 1.00 08
EGC -0.53 0.30 1.00 - 0.6
GC —0.31 -0.21 0.36 ' 1.00
0.4
GA _0.08 0.33 1 0.40 0.24 | 1.00
402
Caf -0.36/0.09 0.07 041 0.10 1.00
C -0.20/0.39 0.61 036 | 0.88 0.19 1.00 10
GCG -0.31 -0.09 0.55 0.73  0.39 0.53 043 1 o2
altitude —0.13 —0.12 -0.06 0.51 | 0.14 0.89 0.20
-0.4
EGCG -0.21 021 —0.06 0.37 0.54 0.55 0.42
EC 003 0.3 040 043 058 052 0.68 1.00 -0.6
TPs —0.17 0.11 1 0.05 0.34  0.70 0.55 0.57 0.44 0.63 0.94 0.67 | 1.00 08
ECG —0.09 0.10 0.05 043 058 071 0.59 052 0.78 0.85 0.83 091 1.00
-1.0
EREe| |
-1.0 -0.5 0 0.5 1.0

e 4 B F R EP<0.05F1P<0.01 7K F 225 B 2,

&2

TUUEELZR AR . B g 2 B 2% AR AL B3 22 [ AR RE S PR

Fig.2 Correlation heatmap between altitude, age of tea trees, and various biochemical components in fresh tea leaves from Wufeng County
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RO T A SR, A RS BT FAA [T Hph A
FZITC R E AN, SRHE SR EAE, ek
350 m ZEATAR(E 1D)4E R ST AR T RIh 2 B PO 5
SERARL, AR 15 AR IR — iR B T g 212 FAY
FAA FLER IR L IS TPs DL RJLAT K ik GCG.
EGCG., EC. ECG Z[HZ B F1EM K, 5 Caf Al ECG Z[H]
S ARG, B — R MR VR A R LA
F e rh S R
23 ERDOW

PCA E—FpZ e 4t ik, M B E—4H
B AL I TE R I 25 A FE ok I B R LG 8w, H 7E
T BAE A A A2

W FLEELURAE 14 AW EEREA A AL o B b
WEALEHEAT PCA . BREUH AT 2 MREER TR, FER
HRBRIKUCH 49.60%.16.61%, BilIrZTHkRIER 66.21%,
RIS 2 AN 32 50 BB S A AR S5 1 1) K 2015 B (R 4).

FT4 BEWDHUFEE. TMEMRITTREME
Table 4 Eigenvalues of principal component and their
contributions and cumulative contributions to total variance

PC FRATAY TR /% itk /%
1 4.96 49.60 49.60
2 1.66 16.61 66.21

2 A F RS S A AL BT BB AT ISR 5 TR, B AT
1 i ARG A X L F A i SRR B . ALY 1
(PCHFEFELEET ECG., EC FFJLAZEESH,; Wy 2
(PC2) 2L FAA Fl EGCG S8 N T,
x5 EMOFEEESHREER

Table 5 Principal component eigenvectors and loading matrix

- PCI PC2
£ 1 L Q= 7 AT 1
FAA (Z))  -035 -0.16 0.53 0.41
Caf (Z,) 0.64 0.29 0.30 0.24
GA (Z3) 0.71 0.32 -0.06 ~0.04
GC (Zy) 0.66 0.29 -0.19 ~0.15
EGC (Zs) 0.50 0.22 ~0.81 ~0.63
C (Zo) 0.78 0.35 -0.23 —0.18
EGCG (Z) 072 033 0.49 0.38
EC (Zs) 0.86 0.39 0.16 0.12
GCG (Zs) 0.79 0.35 -0.20 -0.16
ECG (Z10) 0.87 0.39 0.47 0.37

AR 2% Az Al B B4 20T 0 2515 X L A 3 R 4
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