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Process optimization of tea polyphenols extraction from green tea by deep
eutectic solvents and analysis of antioxidant activity

GAO Ziwen, JIA Zhitong, WANG Lihui, LIU Yuyan, XIE Zijing, LIU Yang, TENG Jie
(School of Agricultural Sciences, Jiangxi Agriculiural University, Nanchang 330045, China)

Abstract: Deep eutectic solvents ( DES) are widely used in biological and chemical fields as green, environmentally
friendly, non-toxic and highly efficient solvents. In this study, deep eutectic solvents were used to extract polyphenols from
green tea. Firstly, five different types of natural deep eutectic solvents were synthesized, and physical properties such as

Fourier transform infrared spectroscopy ( FT-IR) and viscosity values were characterized. Compared with exiraction rates of

tea polyphenols obtaining by using traditional water

Y75 H 9 :2023-08-31

EEWB : {R YK A QA1 H (202310410001 ) 5 F 5K 1 %4
BleEIE 4T H (32260791)

PEE R w730 (2001 -) , Z0 TLPE BT AR WL WP 0 A, ST sponse surface Box-Behnken design test were used to opti-
IR T . (E-mail) ziwen_G423@ 163.com mize the extraction of green tea polyphenols based on

BIRAEE B A, (E-mail) tengjie@ jxau.edu.cn DES, and the structure of green tea powder before and af-

solution and 70% methanol organic solvent, the best DES

type was acquired. Then, the single factor test and re-
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ter extraction was analyzed. The results showed that when the moisture content of choline chloride and lactic acid ( DES-2)
was 30% , extraction temperature was 75 °C , extraction time was 29 min, and solid-liquid ratio was 1 : 35 (g/mL), the
extraction rate of tea polyphenols was 25.16% , which was consistent with the prediction of the model. The results of scan-
ning electron microscopy (SEM) and X-ray diffraction (XRD) showed that the crystal structure of tea powder did not
change significantly during the extraction process, but the surface morphology of tea powder was changed greatly by DES,
and more folds were formed on the surface of the tea powder, so that the tea powder had a larger contact area with the sol-
vent, which was conducive to the dissolution of polyphenols. In addition, the DES extraction method was compared with the
commonly used ultrasonic ethanol extraction method, microwave water exiraction method, and hot reflux water extraction
method. It was found that the DES extraction method had significant advantages in the extraction rates of tea polyphenols
and some catechin components ( P<0.05). The tea polyphenol extracts obtained by different extraction methods were tested
for in witro reducing power and 1, 1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity. It was found that
the tea polyphenol extracts obtained by different methods showed antioxidant activity and the antioxidant activity was dose-

dependent. The tea polyphenol extract obtained by DES method had the strongest antioxidant activity. The results of this

study can provide a theoretical basis for the extraction and development of tea polyphenols.

Key words:

gy; antioxidant activity
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Table 1 Five deep eutectic solvents ( DES) systems and their states

BN ek R
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Table 2 Factors and levels of response surface test
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A () (min) (gt mL)
-1 60 20 1:20
0 70 40 1:30
1 80 60 1:40
1.2.6 FEXZ®mITRIG Eagix SN PR

LR RO 75 , i AR F k0 R
TR 0 AR 37 2K R 2 e A R
T8 WSS R Zm LA RNA &,
127 %28 LR EUA>SFTHMNE Tk KL
P35 2 ()00 S AT AR AR L ik, OB Al
PRAERR L LR R AL 4 o B 0 P R 5O M (i vk
(HPLC) M%E , Wi sl A 5 0. 5% =R LRI K
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Fig.1 Fourier transform infrared spectroscopy (FT-IR) of five deep eutectic solvents ( DES)
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Fig.2 Viscosity of five deep eutectic solvents ( DES) at different temperatures
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Fig.3 The reciprocal of temperature-viscosity fitting curves of

five deep eutectic solvents ( DES)
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Table 3 Viscosity and activation energy results of five deep eutectic

solvents ( DES) by Arrhenius formula

DES Inn E, (k]/mol) R?
DES-1 1.298 4 -8.193 2 0.984 2
DES-2 -0.207 3 -14.443 6 0.916 2
DES-3 -0.667 1 -14.950 3 0.972 7
DES-4 -12.582 6 -52.963 2 0.943 1
DES-5 -3.763 4 -19.454 3 0.974 3
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Fig.4 Extraction rates of polyphenols in green tea powder by

different extraction methods
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Fig.5 Effects of different water content on the extraction rate

of polyphenols in green tea powder
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polyphenols in green tea powder
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Fig.8 Effects of different solid-liquid ratios on the extraction

rate of polyphenols in green tea powder
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Table 4 Response surface analysis test settings and results

ROGRE  BNOHE R o
FFs prigs il RS
i (E il Hil (%)
1 0 0 0 25.15
2 1 0 1 25.27
3 0 0 0 25.46
4 1 0 -1 24.31
5 -1 1 0 22.41
6 -1 -1 0 23.73
7 1 1 0 22.91
8 1 -1 0 25.28
9 -1 0 1 24.46
10 0 -1 1 24.69
11 0 1 -1 22.22
12 -1 0 -1 23.46
13 0 1 1 23.71
14 0 0 0 25.71
15 0 0 0 25.54
16 0 -1 -1 24.26
17 0 0 0 25.63

W 5 Fin Iz AR P<0.000 1, HA )
WEFL A I A P=0.681 1>0.050 0, 51 A i
= VAR R BT AR s T BE 0 A e g AR
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AL AP R AR e B 1Y 3 A IR X 4k
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Table 5 The variance analysis results of the regression model equa-

tion of tea polyphenols extraction rate in green tea powder

5 2R EF HHE B F{E PE
A 20.320 0 9 22600  60.320 <0.000 1
ACIRBGEE) 1.720 0 1 17200 45970  0.000 3
B (4 H ] ) 5.630 0 1 5.630 0 150.360 <0.000 1
CORHR L) 1.880 0 1 1.8800  50.280  0.000 2
AB 0.280 0 1 0.2800  7.360  0.030 0
AC 0.000 4 1 0.0004  0.011 0.9206
BC 0.280 0 1 0.2800  7.500  0.028 9
A? 1.670 0 1 1.670 0 44.680  0.000 3
B2 6.960 0 1 6.960 0 185.820 <0.000 1
c? 1.020 0 1 1.0200 27.310  0.0012
B 2% 0.260 0 7 0.037 0
JAUI 0.075 0 3 0.0250  0.540  0.681 1
gl 0.190 0 4 0.047 0
S 20.5800 16

FRUEM2E =0. 19,75 % Z%=0.79, thiE BB (R?) = 0.987 3, K IEJ5
MRE ZEL( R, ) = 0.970 9, T A e REL(R?,..) = 0.927 3,
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mL, fE WS ECT #E 4T 3 IRE R I E, 13 2 554
KL F R BUR Ky 25.160% , 5 PRI EH %L,



1338 L9 Rk % 3R 2024 4E A 40 B 5T W

KW T Box-Behnken WAL HI{LAL ARSI AR SR h 2R MR T 2014,

. KZERIE (%) b
1.0
- S
8 ]
= &
=
B s
-1.0
0 0.5 1.0
EHOR T
¢ KEZBHEBUR (%) d

SR LIUE (%)

BRI b (B

-0.54

-1.0

05 0 05 10
SRR 2 G A E

HREZBRIE (%)

0.5

LR
(=]
A HBLIE ()

—0.57 - (

-1.0

T T
-0.5 0 0.5 1.0

IR ] 24 T L

a: FEHGILE | BRI 0 2% 2 By R ORI A S5 R 2k s b« SR IBGELIE 52 RN (] X8 2% 22 B34 HIOR 52 Wa) A9 A B2 T 5 o« 42 JOIRLBE BRI L X 25 2 By
PRGBS R 2 5 d BRI IE DR LS 2% 22 By S A S M ) W 7 T 5 e« i HRIRT ) ARHIRE L X 24 22 93 418 HOR 2 e ) S5 R 2 5 €2 B JBU ]
AR L X 245 22 B B O M B4 W 2 1A

9 HWRYE 23X B AE AR I A5 & BHR BUR B R4 0 6 %5 1= 2k K MR R T

Fig.9 Response surface and contour of the effect of interaction of response factors on the extraction rate of tea polyphenols in green tea powder
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Fig.10 X-ray diffraction (XRD) patterns of each tea sample af-

ter extraction of tea polyphenols by deep eutectic solvents
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Fig.11 Scanning electron microscope analysis results of green tea samples before and after extraction of tea polyphenols
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Fig.12 Comparison of the extraction rates of tea polyphenols and catechins in green tea powder by different extraction methods
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