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in summer and autumn. Methods Light fermented white tea and heavy fermented black tea were processed through
multiple experimental settings of shade, drought, and a combination of shade and drought. The 4 groups of black
tea and white tea samples were evaluated for sensory quality. Additionally, high performance liquid
chromatography (HPLC) and headspace solid phase microextraction-gas chromatography-mass spectrometry
(HS-SPME-GC-MS) technologies were employed to conduct a comparative analysis of quality components and
taste components. Results Shading combined with drought treatment increased the levels of water extracts, free
amino acids, umami amino acids such as theanine, sweet amino acids like threonine, alcohols, thereby significantly
enhanced the fresh taste of the tea (P<0.05). Concurrently, in black tea, the concentrations of bitter amino acids such as
valine, tea polyphenols, catechins were reduced, leading to a marked decrease in the bitterness and astringency of
summer and autumn tea (P<0.05). Aroma testing revealed a total of 98 substances in black tea, with alcohols being the
most prevalent. The concentration in the shade plus drought group was significantly higher than the drought group
(P<0.05). In white tea, 85 substances were identified, with alcohols comprising the largest proportion. Conclusion The
findings of this study offer new insights for the production of black and white tea under extreme summer and autumn

weather conditions. This approach not only effectively mitigates the bitterness of summer and autumn tea but also

enhances the utilization rate of fresh leaves, providing crucial guidance for tea garden production management.
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Table 1 Results of sensory evaluation of tea
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P TR
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B ETF D 24H(40.42+0.34)% .CK ZH(41.85+0.42)% (P<0.05);
W B LR AE D 41 10 (17.17£0.39) mg/g, 1 D+S 417 ik
B3 FFFR(26.03+0.40) mg/g (P<0.05); Z5Z W& D+S 4
T (127.63+£3.31) mg/g WEMLT CK 41(165.32+3.62) mg/g
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TRAHT DL A R A, $FE AT A i Rk
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(23.47+0.55) mg/g (P<0.05); Fa%AIJLAEZE (EGC .EGCG.ECG)
1E D+S ZH 43 5112(2.23£0.01) . (3.07+0.09) . (3.82+0.12) mg/g
f&F D4, 2032(2.34+0.05) . (7.220.11) ,(7.09£0.11) mg/g;
2% D+S AIERE R LS R EC & 55(0.20+0.00) mg/g KT
D #H(1.07+0.01) mg/g, EEMIJLZEZH(EGC. ECG)7E D+S 4l
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(2.412£0.097) mg/g. 125 H(3.674+0.098) mg/g, Hrpfrk
REMROUIERLEAR . FRAR . FRARRIELLAS D+S A rh gy
HIJE(0.215+0.003) . (0.201+0.004) . (1.4010.087) mg/g; i
KA AR MBS EFRLE 25 D+S 41+ /2(0.215+0.001) mg/g
(1.753+0.102) mg/g, BB E =T D 41(P<0.05), HEHiTka
FROIAE IR . 2258 . NER . FaEmk. ez .
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R B e B U IR R AL S B T, AR ARE
1% . PR S IR 0 & A A U W) T R A S 2
ETFH(P<0.05). TREILRUFEM AR . FER . Fea
M. wEdmR. AER. BER. AR, ANER, Hh
HEPRAELLZE D+S £H[(0.013+0.001) mg/g]BELT D 4
[(0.029+0.002) mg/g] (P<0.05); MR . St @BRTE 145
D+S ZH 1Y 75543 711J2:(0.040+£0.004) mg/g . (0.047+0.003) mg/g
B FLTF D 41(P<0.05), FiRREA, B W] LIS LR
FrEU ORI R . BRI, R ELIR & i TR,
FEARAS I (8 T BT A S g

K P B2 RETE I b 2 BRAS AR HE R oM E 4 2
[ A AT, BN AE LSy . DL-C A4 Fad Sl 4y
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Table 2 Content of biochemical components in tea
A ALY AR REs
CK D S D+S CK D S D+S
K HE /% 41.85+0.42°  40.42+0.34° 44.65:0.47° 45.28+0.23" 41.59£0.37° 40.54+0.49°  43.35£0.37°  44.06+0.26"
B EILER/(mg/g)  14.50£0.46°  17.17£0.39° 22.10+£0.24°  26.03+0.40°  30.23+0.35° 26.53£0.28°  34.50+0.32°  45.07+0.33"
XK ZWi/(mg/g) 165.32+3.62* 115.13£4.23% 147.57+3.84° 127.63+3.31° 142.24+3.74° 136.96+3.86" 164.88+4.38" 154.48+4.37"
R (mg/g) 55.03+0.52°  46.93+0.42° 43.23+£0.39° 43.40+0.31° 43.00+0.41° 40.50+£0.42°  38.43+0.45%  45.17+0.33°
T i/ (mg/g) 7.3840.10°  6.28+0.13°  4.69+0.06°  4.07+0.06°  8.11+0.10° 8.36+0.14* 5.27+0.07¢ 5.46+0.02¢
Al ] f/(mg/g) 0.52+0.02°  0.67+0.02°  1.22+0.02°  1.37+0.02"  0.23£0.02° 0.25£0.02°  0.29+0.02°  0.37£0.02°
WETFIR/(mg/g) 2.18+0.02°  1.98+0.02° 2.08+0.03°  2.05+0.02°  1.28+0.03* 1.11£0.04° 0.98+0.03¢ 0.78+0.02¢
X%/ (mg/g) 0.06+0.01°  0.06+0.01°  0.12+0.01*  0.12+0.01*°  0.14+0.02° 0.15+0.01*  0.17+0.01° 0.16£0.01%°
Wi/ (mg/g) 26.24+0.52° 25.98+0.37° 41.28+0.43" 41.09+0.68" 27.80+£0.45% 29.49+0.44°  37.28+0.42°  35.40+0.59"
EGC/(mg/g) 2.16+0.05*  2.34£0.05°  2.24+0.07"°  2.23+0.01™  4.1120.01 5.10£0.02"  5.18+0.02"  4.77£0.02°
DL-C/(mg/g) 1.03£0.00°  1.25+0.01*  0.76+0.01°  0.56+0.01¢°  1.14+0.01° 0.74+0.01¢ 1.58+0.01° 1.67+0.01°
EC/(mg/g) 0.68£0.01°  0.45+0.01Y 10.20£0.01°  9.61x0.01°  1.04+£0.01° 1.07+0.01° 0.25+0.01¢ 0.20+0.00¢
EGCG/(mg/g) 8.15+0.13*  7.2240.11°  3.96+0.10°  3.07+0.09° 30.80+0.11¢ 32.03+0.09°  52.53+0.11*  50.37+0.11°
GCG/(mg/g) 0.65+0.00°  0.66+0.00°  0.20+0.01°  0.15+0.00°  0.64+0.01° 0.50+£0.00°  0.10£0.01°  0.05+0.00"
ECG/(mg/g) 10.81£0.11°  7.09+0.11°  6.77+0.11°  3.82+0.12% 17.96£0.13* 15.54+0.12°  17.40+£0.11"  14.69+0.10°
JLEAR B R/ (mg/lg)  23.47+0.55  19.01£0.48% 24.14+£0.44*  19.44+£0.47° 55.68+0.53° 54.99+0.43  77.04+0.41*°  71.75+0.40°

1 FWE TERER LA Z (epigallocatechin gallate, EGC); W& T LA K W & THLER (gallocatechin gallate, GCG). A [HFHEFRRAMAZ

147 2% 57 4 (P<0.05), FIA],
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#*3 SEBRESEE(mg/g)
Table 3 Content of amino acid composition (mg/g)
FIERRALY A GE:
CK D S D+S CK D S D+S

KAZIR  0.125+0.008°  0.144+0.006°  0.224+0.002°  0.215+0.003°  0.154+0.007° 0.138+0.008° 0.201+0.004° 0.215+0.001°
22 H R 0.045£0.001¢  0.051£0.003°  0.069+0.002* 0.063+0.004 0.463£0.012° 0.406+0.011° 0.269+0.015%  0.308+0.018°
B AR 0.131£0.005°  0.141£0.008° 0.168+0.003°  0.201£0.004* 0.236£0.011°  0.260+0.013*  0.163£0.010¢  0.221+0.008°
TR 0.030£0.001°  0.031£0.001°  0.032+0.002°  0.028+0.001¢  0.013+0.002°  0.015+0.001* 0.013+0.001° 0.012+0.001°
HAR 0.039+0.003¢  0.062£0.002°  0.077+0.002°  0.085+0.002° 0.148+0.002* 0.125+0.001°  0.12420.003°  0.140+0.002°
KR 0.164+0.010°  0.103£0.008°  0.087+0.009°  0.194+0.008° 0.203£0.012°  0.140+0.011° 0.178+0.015° 0.273+0.017°
TR 0.019£0.001°  0.018£0.002°  0.010£0.002°  0.025+0.001°  0.023£0.001°  0.020£0.002¢  0.026+0.001°  0.031+0.001°
R 0.034£0.003"  0.041£0.004°  0.024+0.004°  0.043£0.002°  0.106£0.008° 0.117+0.007° 0.116£0.006"  0.124+0.009°
i R 0.040£0.004°  0.040+0.002°  0.058+0.007°  0.052+0.003°  0.106+0.002¢ 0.127+0.001° 0.183£0.003°  0.214+0.004°
AR 0.503£0.021¢  0.806=0.043°  0.975+0.055° 1.401+0.087° 0.607£0.053° 0.496+0.047° 1.018+0.087° 1.753+0.102°
LBeER 0.001+0.000°  0.001+0.000°  0.003+0.000°  0.001+0.000°  0.004:£0.000°  0.008+0.000°  0.002+0.000°  0.001+0.000¢
i 2412 0.039+0.003°  0.0342£0.002°  0.051£0.004*  0.030£0.002° 0.107£0.008° 0.130£0.011° 0.138+0.013* 0.125+0.012"
R 0.028+£0.003°  0.023+0.002° 0.014+0.001°  0.008+0.001¢  0.006£0.001°  0.009+0.001°  0.023+0.002* 0.008+0.001°
AR 0.033£0.002°  0.029+0.002°  0.014+0.001°  0.013£0.001°  0.024+0.001°  0.033+0.001° 0.021£0.002 0.071£0.005"
AR 0.011£0.001°  0.009+0.001¢  0.013£0.001° 0.016£0.001°  0.048+0.003" 0.042+0.004° 0.043£0.004°  0.040+0.004°
SILARE 0.002£0.001¢  0.004+0.001°  0.011+0.001°  0.009£0.001°  0.054+0.002°  0.052+0.003°  0.048+0.002°  0.047:0.003¢
SLHER 0.007£0.001¢  0.009£0.001°  0.014+0.001* 0.013£0.001°  0.029£0.002°  0.042+0.004* 0.037+0.003°  0.045+0.003"
FENEMR  0.017+0.001° 0.016+0.001°  0.024+0.002° 0.016+0.001°  0.046+0.003°  0.053+£0.005" 0.046+0.004°  0.046+0.004°
B 1.268+0.068°  1.560£0.074° 1.869+0.054° 2.412+0.097° 2.378+0.084° 2.212+0.108% 2.650+0.112° 3.674+0.098"
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Fig.2 Distribution of non-volatile components
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BLREAE D #H; TR £ . DL-C. ECG. GCG. ¥
fill . AR, HARSEFZERIBAED A, MHAEAR. B
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Fig.3 PCA scores of taste components for different treatment groups of black tea (A) and white tea (B)
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