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Extraction of polyphenols from Xinyang Maojian tea with
ultrasonic-assisted deep eutectic solvent and study on its
antioxidant activity and effects on intestinal flora

SONG Qiaoying, ZHAO Baoyi, LIU Ziqing
( College of Biotechnology and Food Engineering, Anyang Institute of Technology, Anyang 455000, Henan, China )

Abstract: The extraction process of polyphenols from Xinyang Maojian tea (tea polyphenols for short) with
ultrasonic-assisted eutectic solvent was optimized via single factor experiment and orthogonal experiment.
The antioxidant activity of tea polyphenols both in vitro and in vivo was analyzed, the antioxidant capacity
on aging mice and the regulation on intestinal flora in vitro and in vivo were further evaluated by serum
index determination and relative abundance statistical analysis of intestinal flora. The results showed that
under the optimal extraction conditions of DES-4 prepared with n(choline chloride) : n(acetic acid)=1 : 3 as
extraction solvent, DES-4 moisture content (mass fraction) 30%, ultrasonic temperature 40 °C, ultrasonic
time 25 min, ultrasonic power 115 W, solid-liquid ratio (g : mL) 1 : 35, the yield of tea polyphenols
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reached 78.65%3.44%. The scavenging rates of tea polyphenols with a mass concentration of 5 g/L on 1,1-
diphenyl-2-trinitrophenylhydrazide free radicals, hydroxyl free radicals and 2,2-diazo-bis(3-ethyl-
benzothiazol-6-sulfonic acid)diamiammonium salt free radicals were 86.3%+1.59%, 86.46%+2.19% and
75.13%=3.88%, respectively. The cell antioxidant activity value was 63.2+1.85. The results of mice
experiments showed that tea polyphenols could significantly reduce the levels of low density lipoprotein
cholesterol (LDL-C), aspartate transaminase (AST) and alanine transaminase (ALT) in serum, and increase
the level of high density lipoprotein cholesterol (HDL-C), which had a certain protective effect on the
organs of D-galactose-induced aging mice. Moreover, tea polyphenols could increase the levels of
pro-inflammatory factors interleukin-12 (IL-12), interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a),
and reduce the levels of anti- inflammatory factor interleukin-10 (IL-10), thus improving the inflammatory
response in D-galactose-induced of aging mice. Tea polyphenols also increased the activity of glutathione
peroxidase (GSH-Px) and superoxide dismutase (SOD) in serum, while decreased the level of
malondialdehyde, thereby increasing the in vivo antioxidant capacity of mice. Tea polyphenols also could
change the abundance and diversity of intestinal flora, especially increase the abundance of beneficial
bacteria Lactobacillus, Candidatus Saccharimonas and Corynebacterium, and decreased the abundance of
harmful bacteria Desulfovibrio and Muribaculaceae, thereby improving the disorder of intestinal flora in
D-galactose-induced aging mice, and thus effectively regulating the normal operation of metabolic
pathways in mice.

Key words. Xinyang Maojian tea; tea polyphenols; deep eutectic solvent; antioxidant activity; intestinal
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Table 1  Orthogonal test factor level table
% s
1 2 3
HFEREE (4) /°C 35 40 45
R (B) /min 15 20 25
HFEIIR (C) /W 115 120 125
FHgtk (D) /(g : mL) 1:25 1:30 1:35

1.6 ZFEEMEIMTELFEEDL
ZIESCER[101078E, DL Ve HFHPEXS IR, HodsE
P4 B DESs ¥R F B BUE S A 2 Xt 1,1-
TORFE2-=THHOEF (DPPH) AL, BEAH
FER 2,2-BR A - . (3- & - 78 I ME ME -6 filfi R ) i kR



© 1054 -

A% 4m 4 T FINE CHEMICALS

42

(ABTS") H I b e
Préafb st
17 F AR EAEENR

A0 BT EAL TR ( CAA ) U E 25 £ )
TEANAEAKE PRI RE 71 BORH UL K HepG2
A, JEEEANME R 2x10* A /mL, $EFPE 96 fLIR
o, AL 100 uL K535 24 ho WEEESS , BRfsrh 5 40
RERYZ | PR REZE (MR RARiEaL ). il s (o
HIKE 0.5 g/L), A (REEKE 03 gL) Ak
FIEA] (JRERE 0.1 ¢/L ). B53% | h G bREG 3,
HIA 100 pL 2-Z Pk HE-4- T Pk i 52 1 I il HL A
538 1485 nm FAYZSIEHRE, BMHIFE S min I 1
W, e 180 min, M (2) 1158 CAA fH:

CAA {H=100—(Ss/Sc)*100 (2)

K Sga AL W9 G-F ] Hh 26T B9 R 2 T A
Sca FIMEEE 22 9E-F T 4R AR 4 AR
18 FEoEMM=EB/NRHMELIER

60 R IEME C57BL/6 /NRGE M TEEFE 1 S,
BEALAT A 6 41, R4 10 H, AR A2 Rk
2 Fi. SREGNT, BRESESh, HAKH/NRA D-2F
FLBELL 50 mg/kg BW AYFI IR ST, RS
J90.1mL/10 g, FH 1K, ESEE 6 A2, /N
BT ACBERG 77 0 S R I, SRR, SRS
Fede 2 T4 2 . FELRZGIIIR], g JET A 4% 4/ BRAA
Frimdfidsk. 4425 8 G, ZREAEIK 12 h, HRERHK
I, TRGHVR R B O MR I8 VRO AR DGR S A 7 1
W LE AR FEFRAGI, 4235 LDL-C. HDL-C. AST. ALT;
M E e br, 45 IL-12. IL-6. TNF-a F1 IL-10;
MG ATEbR, 1945 GSH-Px, SOD il MDA %,

FTUME I R AR FE/IN R, B B R AE, R
A R K PR BRI, TR A A/ DR SR 4
[F] If Wi S & /N BB I NS T80 °CTF, FIH]
16S rRNA FE A &y & )7 47 R b, I
Usearch /X 45 28 /)N B 38 TR IE 0 2828 B
ZREMEIEAT

, WNRE 2 22 B i MR A1

F2 HBYHE
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Effect of DESs types on extraction yield of tea
polyphenols

Fig. 1
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Fig. 2 Effect of water content of DES-4 on extraction yield
of tea polyphenols
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Fig. 3  Effect of material-liquid ratio on extraction yield of
tea polyphenols
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Fig. 4 Effect of ultrasonic temperature on extraction yield
of tea polyphenols
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Fig. 5 Effect of ultrasonic time on extraction yield of tea
polyphenols
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Fig. 6 Effect of ultrasonic power on the yield of tea
polyphenols
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22 EXKEHER
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Table 3  Orthogonal test design and results

P
LWFES  A4°C  Bmin CW D/(g:mL) %ii
1 35 15 115 1:25  69.95+2.16°
2 35 20 120 1:30  70.14%3.24°
3 35 25 125 1:35  72.64+2.39°
4 40 15 120 1:35  68.34+3.15°
5 40 20 125 1:25  72.13+2.43°
6 40 25 115 1:30  73.26+1.06°
7 45 15 125 1:30  65.32+2.15"
8 45 20 115 1:35  72.34+1.35°
9 45 25 120 1:25  70.46%2.64°
K, 21273 203.61 21555 212.54
K, 21373  214.61 208.94 208.72
K; 208.12 21636 210.09 21332
ky 7091  67.87 7185  70.85
k 7124 71.54  69.65  69.57
ks 69.37 7212 70.03  71.11
W% R 1.87 4.25 2.20 1.54
(SR B>C>A>D
BAETE A>B3C1D;

MFE 3 IR ZE T AR T, 252 RE
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Fig. 7 Scavenging rate of tea polyphenols on DPPH free
radicals (A), hydroxyl free radicals (B) and ABTS"
free radicals (C)
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Fig. 8 Antioxidant activity of tea polyphenols at cellular level
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