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Abstract: Temperature- and humidity-controlled pile fermentation can affect the quality of tea. This study investigated the
changes in the quality components of Liupao tea during temperature- and humidity-controlled pile fermentation. Tea samples of the
Wantian, Cangwu group, Lingyun, and Guihong No. 4 varieties were collected during the pile fermentation. The sensory attributes,
tea infusion color, and major biochemical components of the tea samples were comparatively analyzed using sensory evaluation
and high-performance liquid chromatography, combined with correlation and partial least squares discriminant analyses. The results
showed that after 12 days of temperature- and humidity-controlled pile fermentation, the tea infusion color changed from orange-
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yellow to deep red, the dregs shifted from yellow to copper-brown, and the taste evolved from robust to mellow. The water extract,

amino acid, tea polyphenol, thearubigin, and total catechin contents significantly decreased to 42.20%~44.89%, 2.44%~2.73%,

11.03%~14.76%, 1.68%~3.38%, and 32.13~43.45 mg-g ' (P<0.05), respectively. In contrast, caffeine, theobromine, and theabrownin

significantly increased to 34.10~39.98 mg.g ', 0.98~2.08 mg.g ', and 6.12%~8.23% (P<0.05), respectively. Epigallocatechin and

gallic acid initially increased, followed by a decrease (P<0.05). The L* value of the tea infusion color decreased, whereas the a*

and b* values showed an increasing trend. L* was highly negatively correlated with theabrownin, theaflavin, and caffeine (P<0.01),

whereas a* and b* were highly positively correlated with theabrownin and caffeine (P<0.01). Among the varieties, Lingyun

demonstrated the best quality, characterized by a deep red tea infusion color, mellow taste, high epicatechin and theaflavin content,

low tea polyphenol, thearubigin, and esterified catechin contents, and a tea infusion color with a low L* value and high a* and b* values.

These findings provide a theoretical basis for optimizing the temperature- and humidity-controlled pile fermentation of Liupao tea.

Key words: Liupao tea; different varieties; temperature- and humidity-controlled pile fermentation; quality changes; tea
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Liupao tea during fermentation
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Table 1 Sensory evaluation of fermentation process of Liupao tea
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fermentation of different varieties Liupao tea
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EGCG Ml ECG & &= 2 AR & %, 2 i K %
0d M 64.59~127.22 mg-g '+ 23.72~57.17 mg-g ' F &
EREE12d 1 1.38~8.52 mg-g '+ 1.54~2.73 mg-g -
Fig 71 )L A% & B0 FRAR X oS R R Bk A STk Y,
JLZE A B8 25k & P I B ik Ak B 2 4k
XiF 7SR A% R A T 3 R PO, e e R e R
TR A RCAE Y RIE R, BB = R AT
KEREAR, R RERBEAR, 3500k
R LRI

FH AR RS (8] R ASE SRS BRI R 2, W
TR, IR RAFAEREEER (P<005), KE9d
£15d, %8 T GA WS & WTS i, LY S WAL,
GHN4 X Z M EM)LF R e ERm. KB 12d
JL % % M B WTS. GHN4 >CWGS. LYS, % £
Iy = B GHN4 >CWGS >WTS., LYS. JE#E6d £ 15d,
JLA & C I & & CWGS i /1, LYSIK Z, LYS 1)
EGCG & &I EC & Efm: KBEO0d, H)L
REGE WTS>CWGS. GHN4>LYS, KB 12d,
fa] B )L 4% & & B WTS. GHN4 >LYS >CWGS, [#
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& A CWGS (48.62%) >WTS (43.08%) >GHN4
(36.36%)>LYS (26.80%); K 0d, BEHILERS
H GHN4>WTS >CWGS >LYS, K 12d, FEAJL
Z# & B GHN4 >WTS >CWGS >LYS, [&IE A LYS
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Fig.4 Changes of simple catechins and ester catechins contents

during the fermentation of Liupao tea
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Table 2 Changes of gallic acid,catechins and tea polyphenol contents during the fermentation of Liupao tea (mg.g")

Zf;g; ”L‘lg}ff GA EGC C EGCG EC ECG WEEEE  FEBEE
0 0.45%0.01° 22.080.13™ 4.88%0.05° 108.79 + 0.15% 31.24 +0.18" 28.61 + 0.54°* 195.68 +0.53" 204.19 = 7.92
6 13.73%£0.16™ 22,14+ 1.53™ 6.37+0.29% 20.43£0.10* 19.38 £0.39" 6.86 £0.09"° 7520+ 132" 126.51 £2.93"
WTS 9 849+0.66™ 20.05+0.93" 534+020" 7.46+1.05> 11.91+0.74> 2.55+0.28% 47.30+1.12* 125.81+1.76"
12 631+0.02% 18.11 £0.64> 4.52+0.07° 6.53 £0.42° 10.50 £0.58> 2.37+0.27°¢ 42.02+0.76"" 11027 +2.24
15 6.02+0.01" 12.62+031% 3.12+0.07 540+027* 823+1.03% 1.85+0.14 31.22+1.78% 106.98 +3.36
------ 0 0.72+0.04" 8.03+0.66™ 6.56+0.44™ 64.59+3.16™ 3547 +1.68"23.72+1.21™ 138.367.00™ 211.31 +7.89™
6 9.99%0.58™ 13.93 +0.69" 8.34=0.50™ 16.20%0.09" 18.53 = 1.74™ 7.32£0.54" 6431 +331° 163.01 £2.77%
CWGS 9 7.60%0.03" 11.10+£0.41° 829+0.14™ 4.68+0.04 10.12%0.17° 237 £0.03* 36.56+0.62° 110.04 + 6.03"
12 4.99+0.02% 9.77+0.17° 7.57+0.07" 4.50+0.05% 838%1.30 2.21+0.02° 32.43+1.57% 128.38+1.01™
15 531+0.02% 8.57+0.57™ 6.56+0.08" 4.24+0.18° 8.83+0.38™ 2.14+0.06" 30.34+0.61°° 118.34 = 1.33"™
------ 0  0.33+0.01” 11.34%0.20° 8.80=0.06™ 78.91+0.30° 19.78 = 0.06™ 57.17 +0.01** 176.01 = 0.62<" 224.53 +2.54™
6 10.69%0.03% 1432+ 0.15™ 7.20%0.07" 6.570.04™ 24.61 +0.08" 571 +0.03" 58.41+0.21" 176.68 +2.43"
LYS 9  3.83+0.02° 826%0.39™ 538+0.02% 221%0.06™ 14.95+0.04" 1.75+0.05 32.55+0.39 145.57 £3.65>
12 2.64+0.01™ 9.88+031° 517+0.03% 138+0.04™ 14.17+0.25* 1.54+0.03“ 32.13+0.51% 11559 +2.01
15 2.69+0.02™ 9.30+0.28% 4.65+0.04% 1.02+0.03™ 12.66+0.09" 1.26+0.02° 28.89+0.40° 112.76 + 1.43°
------ 0 0.51%0.01% 16.29%0.30° 4.75+0.03 127.22 + 1.33* 29.56 = 0.47° 31.61 + 0.23%* 209.43 +2.26™" 229.27 +7.95™
6 1529%0.03* 23.16 £ 0.98" 5.280.09™ 19.19%0.08™ 15.87 £0.02°° 536 £0.04™ 68.86+1.01" 154.26 +2.20°
GHN4 9 9.02+0.02" 17.52+1.07% 4.81%0.05 10.26+0.05* 11.61 = 1.02" 3.17+0.08" 47.37+1.76* 154.08 +0.90""
12 5.41+0.03% 18.89+0.16™ 4.02+0.04 8.52+0.03" 9.29 +0.40°°" 2.73 +0.04"' 43.45+0.27" 14757 +7.25"

15 4.71+0.03% 16.06 +0.02™ 3.72+0.06° 6.72+0.05* 8.55+0.11* 2.26+0.01" 37.30+0.07" 123.93 % 6.08"

E: RS RRANBFEETR —SM N BERETF LB AELELE 27 P<0.05; FFIRE XS FHEFAHF LB T RE
AN BREARF EF P<0.05; GA: ARTH; EGC: KEARTFILEE; C: )LEFE; EGCG: RARTFILEF AR THES,; EC:
FILEE; BECG: IR F LA T AL,
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AR, o Fbo* {Hf K, UiB] LYS B3 (0 5 209K,
HIREH PR 5

(R LR BT ) 4 B M2 R (P<0.05), B a 'l T we
12d J5 L* fH H1 94.89~96.72 & [% £ 70.66~76.26, a* ool

H —4.15~-1.82 J+ = % 18.68~26.67, b* fH 12.25~21.54 . asl

Tl 7 & 63.14-86.80, £ it B #E, KM R E R = sl

B, (E Lt Edg . A IR A e I 8] R AN ] b A 2|

HOEHLAEREZEEER (P<005, K#0d L* ok
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Fig.6 Changes of tea soup chromatism during the
fermentation of Liupao tea
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Table 3 Correlation coefficient between chromatism of Liupao
tea soup and content of main biochemical components

L* a* b*

KiE 4 0.89" -0.86" -0.88"
B RAR 0.83" -0.80" -0.88"
Rk -0.57" 0.55" 0.69"
ik 0.81" -0.82" -0.78"
ST -0.96" 0.94" 0.92"
S 1S 0.89" -0.87" -0.86"
IWREEZE 0.89" -0.86" -0.92"

GA -0.08 0.02 0.18
EGC 0.33 -0.33 -0.29

C 0.36 -0.39 -0.31
EGCG 0.83" -0.80" -0.88"
EC 0.83" -0.79" -0.80"
ECG 0.78" -0.77" -0.80"
vk A% -0.70" 0.71" 0.73"

=T 5T A% -0.19 0.20 0.21
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