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[ Abstract] Objective To optimize the extraction process of naphthoquinone from
Walnut green husk with ethanol volume fraction, solid-liquid ratio and extraction temperature as
the influencing factors on the basis of a single factor test, and study the in vitro antioxidant activity
of the extract. Methods The alcohol extraction method was used to extract naphthoquinone
from Walnut green husk, and extraction process was optimized by Box-Behnken design-response
surface methodology and back propagation neural network simulation. The scavenging capacity

of naphthoquinone from Walnut green husk on hydroxyl radical (HO-), superoxide anion radical
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(0*") and 1,1-diphenyl-2-trinitrophenylhydrazine radical (DPPH-) were determined. Results

The optimal extraction condition was as follows: ethanol volume fraction of 40%, solid-liquid

ratio of 1:30 (g/mL), extraction temperature of 70 °C, extraction time of 2 h, and the extraction

amount of naphthoquinone obtained was (20.182+1.851) mg/g. The scavenging rates of 0.1 g/L
naphthoquinone extract on HO-, O”- and DPPH- were 16.09%, 67.28% and 73.00%, respectively.
Conclusion The extraction process of naphthoquinone from Walnut green husk is stable and

feasible. The naphthoquinone extract from Walnut green husk exhibits good antioxidant activity.

[Keywords] Walnut green husk; Naphthoquinone; Extraction process optimization;

Box-Behnken design-response surface methodology; Neural network; /n vitro antioxidant
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Figure 1. The influence of ethanol volume
fraction on the extraction amount of
naphthoquinone (n=3)
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Figure 2. The influence of solid-liquid ratio on
the extraction amount of naphthoquinone (n=3)
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Figure 3. The influence of temperature on the
extraction amount of naphthoquinone (n=3)
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extraction amount of naphthoquinone (n=3)
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Table 1. Factors and levels of Plackett—Burman
experiment design

K X, (%) X, (gmL) X5 (°C) X, (h)
-1 20 1:20 60 1
1 60 1:40 30 3

&2 Plackett-Burmani®igiZit AR RER
Table 2. Plackett—Burman experiment design and results

a2 X, (%) X, (g/mL) X; (C) X, (h) b7 BRI R (mg/g)
1 20 1:20 60 3 13.360
2 40 1:20 60 3 16.020
3 60 1:20 60 3 7.010
4 60 1:20 60 3 11.970
5 60 1:30 60 3 13.110
6 60 1:40 60 3 11.100
7 60 1:20 60 3 10.980
8 60 1:20 70 3 15.760
9 60 1:20 80 3 21.480
10 60 1:20 60 1 9.600
11 60 1:20 60 2 10.920
12 60 1:20 60 3 10.520
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Table 3. Analysis of variance of Plackett—-Burman experiment
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AC 15.42 1 15.42 3.83 0.091
BC 7.76 1 7.76 1.92 0.208
A’ 90.78 1 90.78 22.51 0.002
B’ 0.29 1 0.29 0.07 0.797
c’ 0.58 1 0.58 0.14 0.716
B2 32.52 7 4.65
KA 18.53 4 4.63 1.00 0.524
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Table 4. Factors and levels of response surface

method
Zifith 7K A (%) B (g/mlL) c(c)
-1 20 1:20 60
0 40 1:30 70
1 60 1:40 80

®5 MM EIRIEIRITARRER

Table 5. Response surface design test scheme and results

L) A (%) B (g/mL) c () kT B 2RI IR (mg/g )
1 20 1:30 80 18.521
2 40 1:30 70 20.171
3 40 1:40 60 16.317
4 40 1:40 80 25.178
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235
IR A (%) B (g/mL) C(C) TR B 2R (meg/g)
5 60 1:20 70 16.679
6 40 1:30 70 18.274
7 40 1:30 70 20.265
8 60 1:30 60 9.369
9 20 1:40 70 15.155
10 20 1:20 70 13.537
11 40 1:20 80 21.479
12 20 1:30 60 16.778
13 40 1:20 60 18.189
14 40 1:30 70 19.054
15 40 1:30 70 23.146
16 60 1:30 80 18.967
17 60 1:40 70 15.737
<6 MR EiRY 7 E 5
Table 6. Analysis of variance of response surface design test
Ty 25K 5 A 1 FR ¥y F P
il 187.80 9 20.87 5.18 0.021
A 1.31 1 1.31 0.33 0.586
B 0.78 1 0.78 0.19 0.673
C 68.99 1 68.99 17.11 0.004
AB 1.64 1 1.64 0.41 0.544
AC 15.42 1 15.42 3.83 0.091
BC 7.76 1 7.76 1.92 0.208
A2 90.78 1 90.78 22.51 0.002
B2 0.29 1 0.29 0.07 0.797
c2 0.58 1 0.58 0.14 0.716
k2% 28.22 7 4.03
AL 14.52 3 4.84 1.41 0.362
4R 2E 13.70 4 3.43
SN 216.03 16
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Figure 5. Response surface curve and contour map of the interaction of each factors
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Figure 7. Regression analysis of the measured
extraction value and BP neural network
prediction value of naphthoquinone

R7 A EIXIEFIBPHEZE W K iR E LR

Table 7. Comparison of errors between response surface design test and BP neural network

simulation
= SEE MR A B WA TIE AR AR AL 2E
1 18.521 19.234 18.375 0.713 -0.146
2 20.171 21.184 19.942 1.013 -0.228
3 16317 16.924 16.281 0.607 -0.036
4 25.178 26.464 24.699 1.029 -0.479
5 16.679 15.354 16.625 -1.325 -0.054
6 18.274 21.184 18.140 2910 -0.134
7 20.265 21.184 20.032 0.919 -0.233
8 9.369 10.414 9.681 1.045 0.311
9 15.155 18.174 15.178 3.019 0.022
10 13.537 16.154 13.640 2.617 0.103
11 21.479 22.924 21.185 1.445 -0.294
12 16.778 16.414 16.719 -0.364 -0.059
13 18.189 18.984 18.060 0.795 -0.129
14 19.054 21.184 18.881 2.131 -0.173
15 23.146 21.184 22.768 -1.962 -0.377
16 18.968 21.074 18.799 2.107 -0.168
17 15.737 14.814 15.730 -0.923 -0.007
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Figure 8. Radical scavenging rates of different samples (n=3)
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