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Abstract: Objective: Optimization of extraction technology of total flavonoids from roots of Cichorium intybus L., and to
study its antioxidative activity in vitro. Methods: On the basis of single-factor test, Box-Behnken test design method was

used to establish a quadratic regression model with ultrasonic time, liquid-solid ratio, enzymatic hydrolysis time, ultrasonic
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power and enzyme (cellulase and pectinase) dosage as independent variables, and the total flavonoids yield of chicory roots

as the responsive values. The antioxidative activity in vitro of total flavonoids from chicory roots extracted under optimized

conditions was evaluated by scavenging ABTS and DPPH free radicals. Results: The optimum extraction conditions of total

flavonoids of chicory roots by ultrasound assisted with complex enzyme were as follows: enzyme dosage was 2.2%, liquid-

Solid ratio was 37:1 mL/g, enzymatic hydrolysis time was 66 min, ultrasonic power was 59 W, and ultrasonic time was
24 min. Under these conditions, the total flavonoids yield was 5.43+£0.12 mg/g. The scavenging rates of DPPH and ABTS

radical were 84.45% and 98.18% respectively at the concentration of total flavonoids solution was 0.1 mg/mL, and ICs,

were 0.04 and 0.021 mg /mL, respectively. Conclusion: In this study, the extraction process of total flavonoids from chicory

roots was optimized by response surface method, and a simulated regression equation of total flavonoids yield was

established, which could be used for parameter optimization of extraction process of total flavonoids from chicory roots.

The total flavonoids of chicory roots had good antioxidant activity in vitro and could be used as food additives and to

develop new antioxidant drugs.
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Table 1 Box-Behnken test design
SN
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Fig.1 Effect of compound enzyme dosage on extraction yield
of total flavonoids from chicory roots
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Fig.2 Effect of liquid-Solid ratio on the extraction yield of total
flavonoids from chicory roots
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Fig.3 Effect of enzymolysis time on the extraction yield of
total flavonoids from chicory roots
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Fig.4 Effect of enzymolysis temperature on the extraction yield
of total flavonoids from chicory roots
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Fig.5 Effect of ultrasonic power on the extraction yield of total

flavonoids from chicory roots
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Fig.6  Effect of ultrasonic time on the extraction yield of total
flavonoids from chicory roots
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0.38B—0.12C—0.049D+0.20E—0.085AB—0.0075AC—
0.14AD+0.14AE—0.050BC—0.0075BD+0.077BE—
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R 3,

FHER 3 AJ 1, 25 B MR R B R A5 SR AR AR R Ay
FAEN 30.50, HA B35 (Pyoger<0-0001), JRFIIHA
2 (P>0.05), FREIHPLE RE R* N 0.9606, FHH
LA B B B A SR A AR AT R 7 A R ) SE G 1)
LAy, iR 228N, B iz A s T DL >k
3BT AT A AR S ER PR B A £ A AR
R ZR X A B S A SR AR M T LA R . — IR
K2 AEEfFETTE]) . BOBOREHEL) . CORB A BsFa)) #n
E(EEGMAHE), IRIWHEE A% B, C2, D>, B,
AD (i Bf 0] 58 75 D350 ) X5 238 AR B B RS- R 10 5
w25 ELAT A P (P<0.01) ; 22 IR R 25 AE(HfFfi
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Table 2 Experimental design and response results of Box-

Behnken design
M BT
S-S %
A B C D E H(mg/g)

1 1 0 0 0 1 5.08
2 0 0 0 -1 -1 4.73
3 0 0 0 0 0 531
4 0 -1 0 0 -1 4.11
5 0 -1 0 0 1 4.40
6 0 1 -1 0 0 5.25
7 -1 0 0 0 -1 4.57
8 0 0 0 0 0 5.36
9 1 0 0 0 -1 4.55
10 0 0 1 1 0 4.44
11 0 0 0 1 -1 4.40
12 0 -1 -1 0 0 438
13 0 1 0 1 0 5.08
14 0 0 -1 0 1 4.95
15 0 1 0 -1 0 5.20
16 0 0 -1 1 0 474
17 -1 0 -1 0 0 4.68
18 0 1 0 0 1 5.30
19 0 0 0 0 0 5.29
20 0 0 0 -1 1 4.98
21 0 1 1 0 0 476
2 0 0 1 0 1 4.99
23 1 0 0 1 0 4.64
24 1 1 0 0 0 521
25 0 -1 1 0 0 4.09
26 1 0 0 -1 0 4.97
27 0 0 0 0 0 5.25
28 0 -1 0 1 0 436
29 -1 0 0 1 0 4.53
30 0 0 0 1 1 4.95
31 0 1 0 0 4.73
32 -1 1 0 0 0 5.02
33 0 0 -1 -1 0 4.74
34 0 0 1 -1 0 456
35 -1 0 1 0 0 4.43
36 -1 0 0 0 1 456
37 -1 0 0 -1 0 4.30
38 0 0 0 0 0 5.39
39 -1 0 0 0 456
40 -1 -1 0 0 0 4.03
41 0 0 0 0 0 523
4 0 1 0 0 -1 4.70
43 0 0 1 0 -1 433
44 0 -1 0 -1 0 4.45
45 0 0 -1 0 -1 4.55
46 1 0 -1 0 0 5.01

(P<0.05); —RIHEZE DOHFIE) | 38 HIHE R
AB (i fig Bk 8] 5 3800} B D) AC (i ) 18] 5 88 75 B
[a]) . BCORRHE S8/ %) | BD (kL S5 7 h
) BEGRCEHE S E A E) . CDGEA R E] S5
PR | CEGHE S A 5 52 A Wl FH i) A1 DECHE 7
TR 553 A ) X EAR S B EAA R A SRS
F(P>0.05). FHut, MRYFIZ BN T 225001 14
A LIAS N, 4% DRI 28 X0 2 B AR B 8 R A5 5 1) s ) YR 7
S BOBEFEE) > E(E G Ay F &) > A (Bff#zAT [a] ) >
CUHEABTED>DGEATIF) .
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Table 3 Anovariance analysis of regression model
I IR SErA A H B ¥y Flf PfE P
R 6.03 20 0.30 30.50 <0.0001 ok
A 0.43 1 0.43 4373 <0.0001 ok
B 236 1 236 238.34 <0.0001 o
C 0.24 1 0.24 24.54 <0.0001 ok
D 0.039 1 0.039 3.95 0.0581
E 0.67 1 0.67 67.60 <0.0001 o
AB 0.029 1 0.029 2.92 0.0997
AC 2.250E-004 1 2.250E-004 0.023 0.8813
AD 0.078 1 0.078 7.93 0.0093 ok
AE 0.073 1 0.073 737 0.0118 *
BC 0.010 1 0.010 1.01 0.3242
BD 2.250E-004 1 2.250E-004 0.023 0.8813
BE 0.024 1 0.024 2.43 0.1316
CcD 3.600E-003 1 3.600E-003 0.36 0.5516
CE 0.017 1 0.017 1.71 0.2029
DE 0.023 1 0.023 228 0.1439
A? 0.87 1 0.87 87.92 <0.0001 o
B? 0.86 1 0.86 86.56 <0.0001 o
c 0.98 1 0.98 99.44 <0.0001 o
D? 0.78 1 0.78 78.90 <0.0001 o
E? 0.75 1 0.75 75.42 <0.0001 >k
B 2E 0.25 25 9.886E-003
RAUE 0.23 20 0.011 2.98 0.1149
a2 0.019 5 3.830E-003
BB 6.28 45
R 0.9606
Adj R? 0.9291

TR T W (P<0.05), **Fom 22 7 3 (P<0.01) .

& 7 e T A2 HIGN 2 AD (Bt 6] 54875 o
) FAE BIN AR AE (B R [R] RN & A 1l FH i) %) 28
AR R BT S R B B AE R (P<0.05) . HHIE 7 1]
N, [ R S DR AR, WA Al I 25 5 302
AR B IR A5 3R S 1 e RIS ] R A A [E) AN AR
B, AR DR AT A T AR R IR A R e
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