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Optimization of Extraction of Shell Polyphenols by Quadratic
Rotation Orthogonal and Antioxidant Activity from the Chestnut
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Abstract: In order to obtain the optimal _extraction conditions of polyphenols from the fagaceae plants Castanea mollis-
sima by quadratic rotation orthogonal method, the chestnut shell was used as raw material ,and the process of traditional
water solution extraction and heating extraction were adopted. The results of single factor experiment were used to design
the quadratic rotation orthogonal-experiment with the extraction rate of total polyphenols as the assessing factor. The ex-
tracts were also tested for-its antioxidant activity,and its structural feature was analyzed by spectral methods. The results
showed that the optimal conditions for extraction of polyphenols from chestnut shell were : ethanol concentration 57% , ex-
traction temperature 85 “C_and extraction time 45 min. Under these conditions, the optimal extraction rate of polyphenols
from chestnuteshell was 5.44% . When the concentration of polyphenols was 1 mg/mL, the hydroxyl radical scavenging
rate of the extracts was 8:15% . In addition, the FTIR and UV spectra of the extracts were all consistent with the spectral
characteristies of polyphenols.
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Table 1  Design table of two rotation orthogonal experiment
S ik IKE Level
Factor Mark 2 1 0 1 2
WBHH Liquid/solid ratio (W) X, 15:1 20: 1 25:1 30: 1 35:1
BV Ethanol concentration (% ) X, 50 55 60 65 70
IR Bath temperature (°C) X, 75 80 85 90 95
JK VB 1E] Bath time (min) X, 35 40 45 50 55
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Table 2 Results of rotation orthogonal experiments

Iﬁ]\?f% X1 X2 X3 X4 g{jﬁl
. (%)

1 1 1 1 1 4.12%
2 1 1 1 -1 4.39%
3 1 1 -1 1 3.86%
4 1 1 -1 -1 3.27%
5 1 -1 1 1 4.63%
6 1 -1 1 -1 4.61%
7 1 -1 -1 1 4.79%
8 1 -1 -1 -1 3.77%
9 -1 1 1 1 2.98%
10 -1 1 1 -1 3.15%
11 -1 1 -1 1 3.69%
12 -1 1 -1 -1 2.89%
13 -1 -1 1 1 3.47%
14 -1 -1 1 -1 3.04%
15 -1 -1 -1 1 2.99%
16 -1 -1 -1 -1 3.78%
17 2 0 0 0 3.56%
18 2 0 0 0 6.12%
19 0 2 0 0 5.41%
20 0 2 0 0 2.49%
21 0 0 2 0 2.88%
22 0 0 2 0 1.84%
23 0 0 0 2 3.19%
24 0 0 0 2 3.04%
25 0 0 0 0 5.22%
26 0 0 0 0 5.14%
27 0 0 0 0 5.00%
28 0 0 0 0 5.30%
29 0 0 0 0 5.31%
30 0 0 0 0 4.97%
31 0 0 0 0 5.57%
32 0 0 0 0 5.42%
33 0 0 0 0 4.87%
34 0 0 0 0 5.12%
35 0 0 0 0 4.83%
36 0 0 0 0 5.27%
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Table 3 Variance analysis of each factor
AT B SRt brifE2: CfE CF i) Pr>t
Factor Free degree Pa{rame.ter Sta]:ldé.ll"d F-value P-value
estimation deviation
Intercept 1 -265.35 43.35 6.12 <0.001
X1 1 -6.35 13.51 0.47 0.6430
X2 1 73.89 35.69 2.07 0.0510
X3 1 385.03 55.69 6.92 <0.001
X4 1 90. 15 22.50 3.53 0.002
X172 1 -1.42 2.01 0.71 0.485
X272 1 -40.25 11.58 -3.48 0.0023
X372 1 -195. 67 23.24 -8.42 <0.001
X472 1 -39.55 6.51 -6.07 <0.001
X1 % X2 1 -5.92 6.82 0.87 0.3955
X1 = X3 1 14.71 9.66 1.52 0. 1431
X1 = X4 1 3.04 5.11 0.59 0.5589
X2 % X3 1 6.46 23.20 0.28 0.7833
X2 % X4 1 1.80 12.28 0.15 0.8848
X3 = X4 1 -15.38 17.40 -0.88 0.3867
F4 REHRERIWHESH
Table 4  Variance analysis for two rotation orthogonal experiment
He I H Rl ¥or F{H Pr>F
Source Free degree kbt Nuare Mean square F-value P-value
B Model 14 35.53 2.54 12.26 <0.001
1%#= Error 21 4.34 0.21
41 Total 35 39.87

RS REFREXRBEHESN

Table 5 Variance analysis for two_rotation orthogonal experiment

Y )71% 2= Mean square error 0.46
[R5 4 ¥)ME Dependent variable mean 4.17
A S Z B Coefficient of variation 10.92
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X7 Z R R A SRR 3 i X, (i
) > X, (RIBUNTE]) > X, (LB ) > X, (OB
) o BFI 200 B, X, CRCREEE ) X R 3%
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Fig..5  Response surface plots showing the effects of any two variables on extraction yield of polyphenols
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Fig. 7 UV spectrum of polyphenols from Fagaceae
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Table 6 Scavenging rate with Fenton

EgE|

Ttem A, A, Ay
0.420 0.378 0.913
0.419 0.374 0.915
0.418 0.373 0.916
S-X(H Average 0.419 0.375 0.915

3.6.2 DPPH &% ks
FEBERD = [1-(AA))/A,] x100,4, =0. 552
i1 &1 8 AT LA, D 758 2k EE7E 0. 1 mg/
L i PPH 30 3 (1) H H BRI BR AN 95.8%
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Fig. 8  Relationship between polyphenol concentration and

removal rate
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