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polyphenols, theanine, and tea polysaccharides in tea and the scavenging effect of tea on free radicals under different
soaking conditions (5, 10, 30, 60, 120 min, 60, 75, 90, 100 °C, first lixiviating solution, second lixiviating solution and third
lixiviating solution) and the adsorption effect of soaking tea residue on formaldehyde and heavy metal chromium (Cr) and
the effect of carbonization of tea residue on adsorption were also explored. Results The leaching rate of the three
functional ingredients of the three teas all increased with time and temperature, and decreased with the increase in the
number of soaks. However, the free radical scavenging ability of tea soup was not greatly affected by soaking time and
soaking temperature, but decreases with the increase of soaking times. The effective ingredient leaching rate and free radical
scavenging ability of Huangshan Maofeng and Lu’an GuaPian were greater than those of Keemun black tea. Tea residue
had certain adsorption effects on formaldehyde and Cr. The adsorption rate of black tea residue on formaldehyde was
slightly lower than the other 2 kinds of tea residue. But for Cr, the adsorption capacity of black tea residue was obviously
stronger than Huangshan Maofeng and Lu’an GuaPian. The maximum adsorption capacity of carbonized tea residue for
formaldehyde and Cr was increased by 0%-50% compared with that before carbonization, and the adsorption equilibrium
time of tea residue was significantly shortened, but the type of tea had no significant effect on the adsorption capacity of tea
residue after carbonization. Conclusion Temperature, time, and number of soaks all affect the amount of tea functional

ingredients and the free radical scavenging ability of tea. Tea residue can be utilized to realize its resource utilization, and

tea residue carbonization can increase its use value as an adsorbent.
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Fig.1 Effects of soaking time on extraction concentration of 3 functional components in Tea (n=3)
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Fig.4 Effects of different soaking conditions on free radical removal capacity of tea (n=3)
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Fig.6 Changes of formaldehyde adsorption rate of 3 kinds of tea residue before and after carbonation (n=3)

4 & i

3 FPZRI I 3 Bl S BEME L7345 H AT s ] R )
SR A, Bl U S S, WA F
R BE 71 32 1R VLI 5] FRVEL I BE RS2 AN R, {HL BB IR R
BERMTI /N o BB IR 22 TR B A BUR MR 5 K
HIETEBRBE AR R TARIILLAS o HAKRT 3 BRI ) H
FICr B B A< BB [0] B0 S8 A T3 A, G PR AR I 2128 00
PRI (109 52 B AR T 5 A0 2 T s M AT, (HXS Cr Fy I
AE I WS T BB AN 2R o ARy 2 X TR
Cr 1R KW B BE ST B RTHE S T 0%~50%, H IR 9
W 887 sF 1] P S o, (L ek R0 A i 245 114 5 I
TIEA BN 25 ERA, W R AR R 2
SR 28 T RETE B 2R T R RIOK Y A RIS BRAE T, B

—— BAHT

90r ARITLZE 90
80— .

ATE 0 2% FIEAT 26 i D RE PR B o SR IS, AT LA S 2
o R D RE R T IR TS A IO LB, AR
R o AR g B RS 550 ) (2 P A0 (L

—— AR —— HWiliEE —— N

—

0 20 40 60 80 100 120
H+ 8] /min

Cril B 2R /%
— N W A
o383333

P T B AT RS T X Cre W5 B2 525 (n=3)
Fig.7 Effect of adsorption time before carbonation on Cr adsorption
rate (n=3)

— wAJE

LB
- . = . ——F

NER

l

e

Crifz fft2/%
—NWDAUVAI
SO OOOOO
Crift i 2/%
— N W BN WO\ o0
OO ODOOOOO
Cri i %/%
—NWERA WV J00\O
SO OOOODOOOO

0 20 40 60 80 100 120
A /8] /min

0 20 40 60 80 100 120
i} 8] /min

0 20 40 60 80 100 120
Hs} B8] /min

B8 BRALTHIE 3 FhZeit Cr W31 E 4k (n=3)

Fig.8 Changes of Cr adsorption rate of 3 kinds of tea residue before and after carbonation (n=3)



374

B dn 2 4 R R I A 4R

81

EE P

(1]

[10]

(1]

[12]

[13]

[14]

BRIE, BRBUE. Wi A e v e e A Rk S e B AR Sk 43
0], B AR, 2018, 18(10): 128-136.

Han YC, Chen HJ. Effect of foaming conditions on antioxidant properties
of Xihu Longjing tea and its correlation analysis [J]. Chin J Food, 2018,
18(10): 128-136.

WY, Sk, s, . RO S B i i
[30. ARl 2010, 38(21): 11174-11175.

Yang WP, Wu JL, Gao XD, et al. Effect of soaking method on the
dissolution of polyphenols from tea and tea [J]. Anhui Agric Sci, 2010,
38(21): 11174-11175.

SREZ, AEME. Wb A (A T B ARAS S TR SE R (1], AL AL R,
2016, (3): 665-669.

Zhang X, Ren M. Effect of brewing conditions on quality of Wufeng
Maojian Tea [J]. Hubei Agric Sci, 2016, (3): 665-669.

Wi e, BRR, R, S5 ORI RN R I RE A DT AR BOT K IR
[0]. BRARIE, 2018, 46(11): 1013, 34.

Yang FH, Yang YJ, Zhang YM, et al. Research and extraction and
development status of functional components of large leaf tea [J]. Anhui
Agric Sci, 2018, 46(11): 10-13, 34.

FEETTE, MASER. ZRHE M FARTOF TR R I Yor Tk, 2019, 22(4):
76-79.

Gong SB, Lin LM. Research progress of re-utilization of tea-residue [J].
Beverag Ind, 2019, 22(4): 76-79.

Attty AR, MK, 5. RSN AE LB BRI Y 6K
BT R RRICR D). BRI R, 2016, 44(24): 64-65.

Shi YM, Shi QM, Wu Q, et al. The extraction of tea polyphenols from
waste tea and the effect of crude extract on the adsorption of copper ions
in water [J]. Anhui Agric Sci, 2016, 44(24): 64—65.

Tran TH, Vo AQ, Nguyen QH, ef al. Studying on the adsorption of
chromium (VI) on polyaniline modified with activated tea residue [J].
Vietnam J Chem, 2018, 56(5): 559-563.

Tao J, Huo PL, Fu ZH, et al. Characterization and phenol adsorption
performance of activated carbon prepared from tea residue by NaOH
activation [J]. Environ Technol, 2017, 40(2): 1-41.

Dizadji N, Anaraki NA. Adsorption of chromium and copper in aqueous
solutions using tea residue [J]. Intern J Environ Sci Technol, 2011, 8(3):
631-638.

I, FoTol, PR, S SRS GUEBURL A A AL IR 2R B
). WA RNE, 2014, 43(10): 141-145.

Li X, Guo ZZ, Yao EM, et al. Application of granulation in cigarette filter
[J]. Henan Agric Sci, 2014, 43(10): 141-145.

R 2R K PR B R M P BE ST (D). Kb TR R
2,2013.

Zhou JJ. Study on adsorption properties of lead, zinc and cadmium ions in
wastewater by tea [D]. Changsha: Hunan University, 2013.

Yang X, Cui XN. Adsorption characteristics of Pb (II) on alkali treated tea
residue [J]. Water Resourc Ind, 2013, 3(2): 1-10.

SRVLYE. ST EASAS e R IPAN B A B [D]. BB PRAbA Rt
Fk2, 2018.

Wu JT. Present situation evaluation and management suggestion of water
pollution in Yanhe River Basin [D]. Xianyang: Northwest University of
Agriculture and Forestry Science and Technology, 2018.

VLG, RBEH . SN PR G KOS R BUR ). )R LT, 2016,
43(11): 189, 201.

Jiang HZ, Zhao WJ. The harm of indoor formaldehyde and its pollution

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[23]

status [J]. Guangdong Chem Ind, 2016, 43(11): 189, 201.

RARHE, A, ARSI SRS )]. KRB, 2015, 3(5):
28-30.

Zeng HT, Chi YK. The effect of ecological conditions on the quality of tea
[J]. South-East Horticult, 2015, 3(5): 28-30.

Mrastlk, 27, KIEA. 2028, 4O LORARIE TS
[J]. EE&ERE, 2009, 30(3): 62-66.

Chen JE, Feng HJ, Zhang HR. Studies on antioxidant activity of black tea,
green tea and oolong tea [J]. Food Sci, 2009, 30(3): 62-66.

B2 B A AR AAE 2 MR LA IR ST (0], SN AS
2010, (2): 16-22.

Duan XY. Study on extraction of amino acids and tea polyphenols from
Pu'er tea [J]. Guizhou Tea, 2010, (2): 16-22.

JiGi, RS, FAriE PEIRAS L PR R[], )L,
2011, 39(14): 130-132.

Lu YJ, He ZC, Liang QF. Study on adsorption of formaldehyde by waste
tea residue [J]. Guangzhou Chem Ind, 2011, 39(14): 130-132.

fRIK, ATk, R, 4% Bk s AR IR K S Cr(VD PR RERIFSE[J].
PR TR, 2010, (10): 2273-2277.

Xin X, He X, Cui K, et al. Study on the adsorption of Cr (VI) from walnut
shell carbonization wastewater [J]. J Environ Eng, 2010, (10): 2273-2277.

A, L BHE. @A RO A i MR S 5
R[], SREpHE, 2016, (24): 137-140.

Yu H, Tang M, Huang SM. Study on the effect of brewing conditions on
the content and sensory quality of Green Tea extract [J]. Green Technol,
2016, (24): 137-140.

XIETE, FEIIE, MR, 45 T A AL R AT T
ISR, iR, 2018, 39(9): 310-325.

Liu TF, Dong MH, Yang DF, et al. Research progress in analysis methods
of main chemical influencing factors of tea quality and safety [J]. Food Sci,
2018, 39(9): 310-325.

i, XUIEH, AP, 55 ARSI AT AR TR
W], A AE R, 2017, 33(13): 159164

Yang Q, Liu ZY, Li GN, et al. Effect of brewing conditions on antioxidant
activity of Tieguanyin tea in vitro [J]. China Agric Sci Circul, 2017, 33(13):
159-164.

JiTE, SHRA, AOKLL, SF. TEMIRITIO et b EE Py R L5
WEFEI]. WAL, 2019, 48(8): 1791-1794.

Gu J, Hu XM, Niu YH, et al. Experimental study on photocatalytic
purification of indoor formaldehyde by activated carbon/TiO, [J]. Appl
Chem Ind, 2019, 48(8): 1791-1794.

(HiE 4 HaR)

(=M

MEE, Nt TEMRAFEAFTE
MUEEHEE,
E-mail: 1562087162@qq.com

3k H, BIEE, TEMRASEATHR
MUFESHEZ,
E-mail: ginnzy@163.com



