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Optimization of ultrasonic extraction process of polyphenols and total
flavonoids from Plantago ovata Forssk by response surface methodology

and its antioxidant activity analysis
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[Abstract] Objective To optimize the extraction process of polyphenols and total flavonoids from Plantago ovata Forssk, and
explore the antioxidant activity of its extracts. Methods Single factor experiments combined with a response surface Box Behnken
design were used to study the ultrasonic-assisted extraction process of polyphenols and total flavonoids from Plantago ovata Forssk.
The optimal extraction process was determined using response surface methodology with the extraction rates of polyphenols and
flavonoids serving as the main indicators. In addition, the antioxidant capacity of the extracts was evaluated by measuring the
scavenging ability of DPPH and ABTS+ free radicals and the total reducing power. Results The optimal extraction process for
polyphenols and total flavonoids from Plantago ovata Forssk were as follows: solid—liquid ratio of 1:20, extraction time of 41 min,

ultrasonic power of 420 W, and ethanol volume fraction of 88%. Under these conditions, the extraction amounts of polyphenols and
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total flavonoids were 4.79 mg/g and 23.19 mg/g, respectively. The antioxidant experiment results showed that the ethanol extract of

Plantago ovata Forssk had good scavenging effects on DPPH and ABTS+ free radicals in the range of 2.5-50 pg/ml, with the 1Cs,

values of 26.62 pg/mL and 940 pwg/ml, respectively. The total reducing power increased with increasing concentration and remains

higher than that of vitamin C at the same concentration. Conclusion The extraction process is stable and reliable, and can be used

for the extraction of polyphenols and total flavonoids from Plantago ovata Forssk. The ethanol extract of Plantago ovata Forssk

exhibits good antioxidant activity.

(Keywords) Plantago ovata Forssk; ultrasonic —assisted extraction; polyphenol; flavonoid; response surface methodology;
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Table 2 Response surface methodology design and results of ultrasound assisted extraction of
polyphenol and total flavonoids
e CRHARRUS R YPRW  ORHR (gmLl) AR/ ZEHRBG (ng/g) BEERICE/ (mg/g)
1 90 220 25 40 2.90 14.80
2 90 320 25 50 4.04 21.99
3 90 220 30 50 3.66 21.72
4 100 320 25 40 1.32 17.11
5 100 320 30 50 0.95 20.04
6 100 320 20 50 2.20 21.73
7 90 320 20 40 4.28 19.81
8 100 420 25 50 1.37 20.94
9 100 220 25 50 1.49 19.96
10 80 220 25 50 3.56 9.96
11 90 320 20 60 4.55 13.88
12 90 320 25 50 4.18 21.15
13 90 220 20 50 4.40 12.12
14 90 420 30 50 3.74 17.27
15 90 320 30 40 3.65 16.80
16 80 420 25 50 4.86 12.78
17 90 420 20 50 3.83 20.19
18 90 420 25 60 3.84 18.14
19 90 320 30 60 4.27 19.28
20 80 320 25 60 4.70 9.13
21 100 320 25 60 0.35 19.12
22 80 320 30 50 4.72 12.46
23 90 320 25 50 4.37 23.33
24 80 320 25 40 4.44 13.57
25 90 320 25 50 3.70 21.37
26 90 420 25 40 4.19 22.72
27 90 320 25 50 4.40 23.16
28 90 220 25 60 4.84 14.82
29 80 320 20 50 5.03 12.70
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Table 3 Analysis of variance of regression equations

e ERL AME ¥Ur F{E P1E

Model 45.48 14 325 20.44 <0.000 1
A 32.11 1 3211 201.96  <0.000 1
B 0.07 1 0.08 0.50 0.491 6
C 0.91 1 0.91 5.71 0.031 5
D 0.26 1 0.26 1.65 0.219 4
AB 0.50 1 0.50 3.17 0.096 8
AC 0.22 1 0.22 1.40 0.256 6
AD 0.38 1 0.38 237 0.145 8
BC 0.11 1 0.11 0.68 0.423 5
BD 132 1 132 8.29 0.012 1
cD 0.03 1 0.03 0.20 0.660 8
A2 8.74 1 874  54.96 <0.000 1
B 0.26 1 0.26 1.62 0.224 4
(o 0.10 1 0.10 0.65 0.433 8
D? 0.09 1 0.09 0.57 0.462 3
B 2% 2.23 14 0.16
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Table 4 Analysis of variance of regression equations

E3 5 A ¥y FAE PiE

Model 460.67 14 3291 15.70 <0.000 1
A 194.31 1 19431  92.72 <0.000 1
B 29.02 1 2002  13.85 0.002 3
o 427 1 427 2.04 0.175 2
D 9.09 1 9.09 434 0.056 1
AB 0.85 1 0.85 0.40 0.535 1
AC 0.53 1 0.53 0.25 0.623 4
AD 10.38 1 1038 495 0.043 0
BC 39.18 1 39.18  18.70 0.000 7
BD 5.26 1 5.26 2.51 0.135 4
CD 17.64 1 17.64 8.42 0.011 6
A 110.30 1 11030  52.64 <0.000 1
B 29.58 1 2958 1411 0.002 1
c? 21.27 1 2127 1015 0.006 6
D 54.99 1 5499  26.24 0.000 2
B2 29.34 14 2.10

FRN 25.30 10 2.53 2.50 0.195 1

4l 4.04 4 1.01

S 490.01 28
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Fig.6 Response surface diagram of the interaction between various factors affecting the total

flavonoid extraction amount
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