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Optimization of Ultrasonic-assisted Extraction of Polyphenols from
Taraxacum kok-saghyz Rodin Roots and Its Antioxidant,
Hypoglycemic Activity in Vitro
ZHANG Na"?, LIULi’, LILu', LU Jingjing', DONG Yiyang®®

(1.Production & Construction Group Key Laboratory of Special Agricultural Products Further Processing in Southern
Xinjiang, College of Food Science and Engineering, Tarim University, Alar 843300, China;
2.Rubber Plant Research Center, College of Life Science and Technology, Beijing University of Chemical Technology,
Beijing 100029, China;
3.The Center of Inspection and Test on Produce Quality in Hunan Province, Changsha 410005, China)

Abstract: Using Taraxacum kok-saghyz Rodin (TKS) roots as the raw material, the liquid-solid ratio, ultrasonic power,
extraction temperature, and extraction time were selected as experimental factors. On the basis of single factor experiments,
the response surface methodology was used to optimize the ultrasonic-assisted extraction process of polyphenols from the
TKS roots. The in vitro antioxidant and hypoglycemic activity of the polyphenols extracted from TKS roots were measured.
The results showed that the optimal extraction conditions were liquid-solid ratio of 33:1 mL/g, ultrasonic power of 270 W,
extraction temperature of 61 °C, and extraction time of 31 min. Under these conditions, the yield of polyphenols from TKS
roots was 1.46%+0.03%. The in vitro activity test showed that the half inhibitory concentrations (ICs;) of polyphenol
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extracts on DPPH and ABTS' radicals were 54.06 and 39.27 ug/mL, respectively, the ICy, values for a-amylase and a-

glucosidase were 133.26 and 50.22 pg/mL, respectively. This indicated that the polyphenols from TKS roots had strong

antioxidant and hypoglycemic activities in vitro. This study can provide theoretical basis for the comprehensive

development and utilization of TKS.

Key words: Taraxacum kok-saghyz Rodin roots; polyphenols; extraction; response surface methodology; antioxidant;

hypoglycemic activity

BT AT (Taraxacum kok-saghyz Rodin, TKS),
MR AAGIBETE, BRRH AR AEY, TRk, PRIH:
MIFR A = 5 ML i R ERAR B T #5532 e . F
JEETH A SEAREBER T & SRS, ISR S . Z2 AR
HIE PS> o Ramirez-Cadavid S5 X AR 8 HEAR Y
JGTIHAT T 53T, G5 RERI: TR 550 11.8%,
FHICHLICE N K. Ca, P Fl CL JGIIR & 5.2%, H
SRR . AR R RRER 5 i &, 280 17%,
AL 2% ASPRBZH AT R 45 1 3R
A, T AU = ST RIIB TR, 405 SRR R T
AP, I & A K H A 25 O E g 2 s,
BARYT 425 SR FH S PR IR TR R B RS B AR 2400, 25 1
HBUEA 20.14%+0.19%, Putter 255 JAFFETHT A TLAR
RIS BB s se 13 PP =05 251L-5% . Kong
SO DT B T A e AR 1) B B U T S e T
164 Fib&4, MAEEZE . EENZE . F S 2L
fR2eas . B, X BT AR M AR REUR)
BRF IR ARG ML, B3R = S BB, B IHAR e A=
FRAS, TG X AR B B Sy T A T & R, e
PRI B HFA X A R DS T 1A U E 77 ek
AR

WAREHEB M IMEY, FEARBR
R.OME R SEAEE . IIHERR . SRR 2H T
1R . BZRAR . XPFRFEIR IR . X SRR AT, M S
Sy EETR & s TAR RD, R R S
PrEfbTE MR R SR . SRR IR AT MR A5
FERAERRATAE Y R A vent | Z5 . eI i 2 W
R, ENTEAPUEAL . BUR . Uil . PUE ST
PEOTE S A SE R FIAESR I T B S AR BR 2R -
7-O-FZiH . AR E-7- W FIOR R R 28, sk
SIS RN R A A S He A Ak TR — 2 T FH TR A
sz | AR EFN O WFFERT, AR R ek
P T I 22 My BRI RIS NV T, St e g,
PRIEFNEHEREN Y, T A 2 W n 4RI 2R FH 2tk
BB RFSTE Y CBEAE SN O, X LB
AHR I LS W A9 (Taraxacum mongolicum) | 2
JHIFATE(Taraxacum officinale) MWF5EX 52, HEXT
TH B AT FER P AEARTISUR I, A 2RI
Z Wy TSI G HR3E . Molinu S50 XA K FE R
T By RS T 0 E IR A vert b ik S
WYEAT TERSY, G5 R SRWIM B B = 1064 g
GAE/kg. BTy N 58.5 ¢ GAE/kg Fll R M &y
22.9 g CE/kg, (EHARXAR i 2 A7 53 B, AR

RIT 2, DT BTHATIAR TR 52, R U
BT, JERHH RO i Z2 Wy, nFE4r A SR, 32
TE T T AN A BN EL

MAE B o B2 B2 1 14 T vk R A AL S T R
W, AR R, PRI WA Bh R HAERO, s
VAR BRI FH A 75 U™ A 1 25 AR . HILARSUR A1
PO AR AN EE, AT IE T BB A HIE 24
JRATIES B, B PSSR, AR, AN32 BRI
WA N 53 /NG I BRI, AN RO 435500
M AR LS OL T i R G et B 22 4, AT
FEZHT2 . B, ek, FEER A 2RSS
FREPA AR M P i B HR BT ST A AR 22 1,
AT WO . B RS TSR | PREIR R R A TR 22 A
SRENFEMA, SRR R AR T A 80 T T itfe. 71
ST AE 22 R % DPPH Al ABTS™ H B 047E
BREEST . X a-TERY RN o- 5280 BT I AN 58 J11F
M T HARS MU A S SRS T, LIS S AN T2 1)
TEEDh . ARl . BE 2GR4T AU — 2B R AT ST S5 A)
FHERAEFEIS AR
1 MRSEE®
1.1 MRS

TR AT BB B EY) R A B IR
ST TR, 5 A TRV S AE 45 °C TR+
HET, 2R J5 8 ek 40 H O, W 4 I R 5 09 AR
(99%), (RAFAEFE A, 4 °C B B TIRhs
W (HPLC =298%) iR MR AT BRAF;
o~ %49 B8 1 BF ( G5003-100U) | o-TE ¥y I ( A3176-
500kU) . 2,2"-BRE AN (3- 2, FEFR I BEMRmR-6- ik iR ) —
B3 CABTS) o 1,1-— 28 3% -2-7% 3L )k ( DPPH)
Sigma-Aldrich 2\ F]; X AR I -a-D- M i 1 28 B
(pNPG) . Bl-REhE ., 4L 3 C. ARy . S BRiiRs |
TCK LT TC/KBRIR AN . BRI A 4 . R 204N .
3,5-fiFIKHIR (DNS) . WA PREREN YR E =4y
Hrédi

HR-150AZ HLF5i 7R HA A&D 23F]; KQ-
300DB A IIEVENL R ILTT B ESG RAF;
TGL-20B i 6B DL LIRS s
EMS-20 F fHIRME I HFEAK B G IAT RN L
#54) s RE-3000 JiEF5 78 kA L WIRAEAALRRT s
SHB-UI fEM /K EAT R AR T 524 A
Hl; Synergy H1 ZTNEERGARY 35 EAB{NAR A R
NI
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1.2.1 HBGHEATARZ I IOHEEL  FREL 1.0 g IIHIE
AT R THRIESZS T, INA—EE 1Y 80% .
VAV, TE—E AR S D3RRI RS SR B
4] ) , 550> (8000 r/min, 10 min), ¥JTIE -5 & $2 HL
2 WK, GBI W, 5

1.2.2 PRPNIZRELS  SRAESHIAS R, e B 2K
SACEFEL 3001 mL/g. H A TR 270 W $REBUE
50 °C. $REUFE] 30 min, 4350 % 25 T AR WORFEE
(10:1,20:1, 30:1, 40:1, 50:1 mL/g) . $&HHf[a]
(10, 20. 30, 40, 50 min) . # 75 T % (180, 210,
240. 270, 300 W) . $2HURE (30, 40, 50, 60. 70 °C)
o AR P A B RIS ST AN AR 22 IS 2R 52 )

1.2.3 W AR ARG R SR g R, DA
Besta] (X)) WOk (X)) L SRR (X)) . AR TR
(XN HAR R, I ATEAR Z AR (YY) N B
(I=2c RV 7S b N T S U VAT TR /o Ry W 6 = W |
FIKFEIEE 1,

1 A RSB FR K

Table 1 Factors and levels of response surface design
K-
(RS

-1 0 1

PRI ] (min) X, 20 30 40
Wk (mL/g) X, 20:1 30:1 40:1
R (C) X, 50 60 70
A IIFR(W) X, 240 270 300

1.2.4 ZWASRAGMIE

1.2.4.1 HrEfaoHIfE  RETFRECEE T2 25 mg,
IKEEIFREZE S 250 mL, BEHlA% 0.1 mg/mL BB
FERXTRE SR . B 25 mL LA, 433 inm AT RE
MW 0. 0.1, 0.2, 0.4, 0.6, 0.8, 1.0 mL, inz=4EK
ANEZE 10 mL, JILA 0.3 mL EMREHRF, #5555
T#E 5 min, FANA 1 mL 15% BRERENIAUL, 3575,
FIRBDGIN 2 h JGTE 746 nm I E W GIH, LATEE
FIRUEE (ng/mL) AR AL bR, WG A AL PR, 225
PruE £k, 52 I IF 52 y=0.0104x+0.015, R*=
0.9978.

1.2.4.2 ZB g RASSRATHE 1% 1.2.1 HHEE
T A TR Z PR O v, $RIOREZS E 100 mL J5fs
FRIAEWE . WU 0.2 mL #% 1.2.4.1 J7 BB
EWOCHE, % T G R 2R,

cxDxVx10°
/s T %

Y (%) = 100

. Y RORZWAE 3, Y%; ¢ W ASF I W T 4 ik
BE, pg/mL; D N BEAEEG V RRERARFL, mL; m 2
JFOBHE AL, g
1.2.5 A AR Z i S A ST A AL TR
WEPEIE BT T S A 2 1R $E Mt AB-8 K

FLB AR SlfL, 70% ZBEGEM, Ve RHEZE R 255 Uk
T, A3 2 Z PR EUY), P E =X DPPH #1 ABTS' A
FLVH BRBE S PP ARSI A A TG PR, I o3 A9 il A
oY BT BE 1 PPN R

1.2.5.1 DPPH H HIRIERAEEII MW E =% Lu
ST R TE 1) TR T S T N AR Z2 T HE U 1 T
% DPPH [ i 3L0E MHEEF T4 M1 78 96 FLAR A
100 uL DPPH ¥ # ( 0.2 mmol/L, Z B Fg 1) 1
100 pL AS[RIHR BE AR, TR S) TG PRSI T AR A 2
. 30 min, 7E 517 nm A 2 W GRE . H RAgEAE R
C M BHMEXTRE

H B EETERR R (%) = (1 - A‘;Az)x 100

b A, N R DPPH BRI OGCIE, A, N
DPPH FIAESIR G MOGEE, A, S A FE S
AIOYGEE
1.2.5.2 ABTS'H HEIFEREE I I E ABTS'H
LSRR R S0 =% Lu 45023 $R3E i 7 R VE 1
M, ABTS ¥ 2l ¥ ABTS % (7 mmol/L) 5
I FRERET (2.45 mmol/L) ZEZE IR T T AL S B 12~
16 h TiiilA . FHIJC/K LB BE ABTS ¥k, fdiHAE
734 nm ALY GREE N 0.7, 15 8] ABTS i H#E .
50 pL AR BE MR SRS 150 nL ABTS fHFH#
R, TR T REAL R 20 min J&, 78 734 nm P K
AR RE G . LAAEAE 2R C S BHPEXT A

ABTS" F HHEEE R (%) = (1 - %) x 100

K Ay M R A ABTS ISR, A, R
ABTS FIEESHIR AW IMWOGIE, A, S A FE S
IO
1.2.5.3 o-VEBYEFNHRIRE ST Fr 2 1 P By S s i
F LA (DMSO) 1, Iifti FH BT LB IR 5 22 vh ik
(PBS, 20 mmol/L, pH6.9) i B¢ 2| ilF 75 #e £, DMSO
P4 B AR TR B0 M 0.1%., FEXT B it in A 25 5
i DMSO.  o-TE By BF 36 5 30 6 i3 56 =% de-Bellis
RPN 7 IR I R AE A . B 100 pL FE VR (10~
1000 pg/mL) F 100 pL a-3E M3 75 # (0.5 mg/mL,
0.1 mol/L pH6.9 i) PBS EC i), 7E 37 °C T &
10 min. ZRJSHNA 100 pL FERIF K (1%, 0.1 mol/L
pH6.9 1) PBS Bl IR A, #£ 37 °C FiEH 10 min,
AN 200 pL 3,5-—fF K A7 IR 150, 6K
5 min. NI E B =R, NS E P EUH
100 pL #| 96 FL# I, FFLHIIA 100 pnL €48k, H
BEFPRAAE 540 nm P AN RE W ERE . LA 0
M BHPEXT HE

SR\ %700/ A-A,
L (e

3 4

K. A ARG, A, T FEIROEE
(PBS BAREHR), Ay MBHTEXT FRIESGRE (PBS B URE
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W), Ay R IPEXT BEFS SO (PBS A URE T S i
W) o

1.2.5.4 o-Hi%ZFEEEGEINHIAE ST W2 S 4-
il FE IR - - D- ML WG 25 B (pNPG ) H G R A8 1y
(pNP) [ BRI 5 o4 25 W il 1A V5 M . =
% de-Bellis 25 PY [y J7 5, 50 pL A 5% ¥ #% (10~
1000 pg/mL) F1 100 pL -4 %5 ¥E 5 i (0.2 U/mL,
0.1 mol/L pH6.9 [ PBS BLHI) IR G, 7 37 °C T HF
B 10 min, #ZRJEHMIA 50 pL pNPG & # (5 mmol/L,
0.1 mol/L pH 6.9 1) PBS Bt #il), 7€ 37 C T H
30 min, fJEHIA 100 pL BYBEEREM (1 mol/L)Z 11
SIS, FABEFFMAE D KA 405 nm AR EOSERE . LA
BRI~ IR0R A7 BT e

3 4

oA BRI (%) = (1 . ‘2 _iz)x 100

b A BRSO, A, N TT ST IROG
(PBS FAUEHERD), A, MBAMEXT R S'GEE (PBS 3/ UAE
W), Ay A BATEXT BRSSO (PBS B CAR I A i
W) o
1.3 HUEAIE

A SCE A 3 U, LA R LS+
FRAEZE (SD) s, f#i ] SPSS 23 #1 OriginPro 2021
BRANF S 45 DA TG A B aT J Ak A B SR
Expert-Design 10 #4347 10 3 S 55 5397 -
2 HBRESH
2.1 HEHEXE
2.1.1 BT Z AR R ag e ok X T R
INYEAR Z R BUS R g2 man & 1A R, Woekkk
M 10:1 mL/g #EHNE] 30:1 mL/g, 25 B3 15 RS b
fn, 2SUOREE Sy 3001 mL/g ISR R Rl . dksihy
Jingkl b, Z2 IS SRAS FAE W A, SEARYEREANAR,
UL AT T B A AR 2 T s R e s T
TN, ARSERE IR A IS FITHFE, T RESs
HTEE 22 () (0, 2R AR MR 2R T i HE R, S s
S T B0 TAE B S OAR, PRI B A9 Ok EE A 30
1 mL/g.

2.1.2 FRIREF AT 2 WA R iy sen  BEHET R X8
JEE T 28 DEAR Z2 1y HE HUAS RS2 an 18] 1B iR, 78
10~30 min 2 Py 45 5 Bifi 25 B[R] A4 385 9000 AS BT 42 5
FE 30 min Bk EIEFAH, RLEIERAT(E], Z 53R
IR T RESE X e A A AR RS T AL
AR FH ™ AT D) A0 M B8 i Ay i s I o b g
B BT TR], SR A B e m 4 o 22 1 ) R i
(At B R] A SES, L35 H I —Se 220 o o) e
FAkiIe, H—Se RNEasE 4l 5 i 2s F FE R i el e s
T B # IR, A e PR HOAs () i R A R 2 R R
(P<0.05) . HEHRIE A S INEERE, Pk o i
EAEEST A4 30 min.

2.1.3 MBI SRR R

JEETH AN DEAR Z2 W P R R Al 1C s HH
AT DL, o — 5 Y Bl PN B A S TSR B I, 215
SEANWEE N, EABR AT D138 270 W RTIABIHR KAHE, 4%
SRR IR, Z SR I0 W ARk, A5 R
AR I AEFEHUAR 22 P T = A i s A0S FNB LR E
2 WE 25 R 7 T 3 A B DN T G5, AT N R AT 4 41

Al4r

o
o
[

13F
12}
ﬁﬁ: 1.1F
<ot
Rool

0.8 F

%

o

0.7

0 10 20 30 40 50 60
R (mL/g)

_
)
T
c*

(%

o,

0 10 20 30 40 50 60
HEHLHT ] (min)

Bi = (%)

8 L L L L L ]
150 180 210 240 270 300 330
HFE DI (W)

20 3.0 4.0 5.0 (;0 7.0 8.0
FEBUREE (°C)
BT ROREEE . BRIBURTR] B S TR AP IOl
X2 AR AR
Fig.1 Effects of liquid-solid ratio, extraction time, ultrasonic
power and extraction temperature on polyphenol yield

BN E/ING TR R 2 B3 (P<0.05) .
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FAJ TR TR R0 22 105 42 B A 3 41, RT T A6 — 2 9 B PN 35
AR DR H 5 2 TSR, H I A ay, S i i
B2 TR 22, 2 22 R BT, Hom DR e s I 2
T % — L 22 Py ) O P R A S, DR IR e 7 o5l
270 W,

2.1.4 $REUREXT AR5 BEEBOR X
JEETHE A TEAR Z I USSR AFE MM ANIE 1D Bz, $EE
IREEAE 30~60 °C WYYEHIN, 2B 0075 52 BETR R i 7t
RGN, 7E3R 3] 60 °C ZJ5FF4E N, IREEF =T
BNz AR T A AR e e AR, BTG
TS B ZERE FIR BE, 3 LA AT I 24 o MBI A
RS, FREEA AN BRI . HIRE TS TR
SR AE AN BT 57, T3S0 I A R, T
Y B ey [ a e A (5 P ¥ g 1, 37 N 575 i 21 N
FEsE TR Sy, DRI, B0 R B TR S AR 22 I R
FISAEIRE S 60 °C.

2.2 MINHEERCEREARRSEMENITZ

2.2.1 WGBSR LG R E S A
SR, BEPERET A (X)) . WO (X)) | HREREEE (X))
FEFE D5(X )4 D ZRAE AR R, DL 53 A
MAE(Y), #2$E Box-Benhnken iR 5614 11 5 FH A 310
I TS AT I T A AR Z2 W (BT 228, ik
BV MR L 2. XTSI LS IR T o S HG
ST 2R (YY) SR EARZ A LR K

F 2 ma AR BO Mg R

Table 2 Response surface test design and results

B X R X0k XAREGREE X AT Y (%)

1 0 1 0 1 1.31
2 0 0 0 0 1.48
3 0 1 0 -1 1.30
4 1 0 0 -1 1.26
5 -1 -1 0 0 1.03
6 0 0 0 0 1.44
7 1 -1 0 0 1.14
8 0 0 -1 -1 1.20
9 0 0 0 0 1.46
10 1 0 1 0 1.30
11 1 0 0 1 1.28
12 0 0 0 0 1.46
13 0 -1 -1 0 1.05
14 -1 1 0 0 1.31
15 0 0 1 1 1.23
16 0 0 1 -1 1.22
17 -1 0 0 1 1.18
18 0 0 -1 1 1.20
19 -1 0 -1 0 1.13
20 0 -1 1 0 1.08
21 1 0 -1 0 1.26
22 0 1 -1 0 1.30
23 -1 0 0 -1 1.13
24 -1 0 1 0 1.19
25 0 -1 0 -1 1.06
26 0 0 0 0 1.43
27 0 -1 0 1 1.07
28 0 1 1 0 1.33
29 1 1 0 0 1.34

[\l U 5 B AL A . Y (%) =1.454+0.051X,+0.123X,+
0.017X,+8.33E—03X,—0.02X,X,—5.00E—03X , X;—
7.50E—03X,X,~2.50E—03X,X,+2.50E—03X,X,—
0.113X,%-0.14X,>—0.119X,>~0.127X 2.

ST 2555 HT (ANOVA) Xof [ 48 7 47455
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