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Process Optimization and Antimicrobial Activity of Natural Preservative
Extracted from Bamboo Sawdust
HU Yong-le, ZHANG Chuan-hai, ZHANG Yuan, YOU Yong-fang, HUANG Wei, JIA Xiao-li
(Fujian Provincial Key Laboratory of Eco-Industrial Green Technology, College of Ecology and Resource Engineering,
Wuyi University, Wuyishan, Fujian 354300, China)
Abstract: [ Objective] Optimum preparation and antibacterial properties of a natural preservative extracted from bamboo
sawdust were studied. [Method] Utilizing bamboo sawdust, a natural preservative was prepared with the ethyl acetate reflux
method. Processing conditions were optimized by the response surface methodology based on the results of a single factor test.
In vitro antimicrobial activity of the extract was determined. [Result] The finalized process applied 300 W ultrasonic power
on the mixture of solvent-to-substrate ratio at 20 : 1 to extract at 89°C for 2 h. The product yield reached 4.77%. The extracted
preservative displayed peak antimicrobial effects on Escherichia coli, Staphylococcus aureus, Bacillus subtilis and Aspergillus
niger with the average inhibition diameters of 9.33 mm at a concentration of 0.025 00 g~mL71, 15.67 mm at a concentration
0f0.0125 Og-mLfl, 10.00 mm ataconcentration of0.050 00 g-mLfI ,and 6.67 mmataconcentration of0.10000 g-mLfl,respectively.
[ Conclusion] The natural preservative prepared by the newly developed extraction method showed strong in vitro
antimicrobial effect, and the optimized process could be upscaled to fully utilize the bamboo sawdust.
Key words: Bamboo sawdust; natural preservative; response surface methodology; process optimization; antimicrobial
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Table 1 Factors and levels of Box-Behnken experimental design
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-1 80 1501 1
0 90 2011 2
1 100 2501 3
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Fig. 1 Effects of extraction ultrasonic power, solvent-to-substrate ratio, time, and temperature on microbial inhibition of

preservative
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Fig. 2 Effects of extraction ultrasonic power, solvent-to-substrate ratio, time, and temperature on yield of preservative
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Table 2 Design combinations and results of response surface test

R A%HXELL}E Bk CHH}(E?L 1} 1 [l EL4% Inhibitory zone diameter/mm
Test number Extraction Solvent-to-substrate Extraction KIFFF SRR R R i i Y
temperature/'C ratio/ (mL:g) time/h E. coli S. aureus B. subtilis A. niger Average
1 80 1501 2 3.75 6.79 2.50 3.21 4.06
2 100 1501 2 2.82 3.42 6.59 421 4.26
3 80 2501 2 4.24 7.41 5.38 3.58 5.15
4 100 2501 2 3.22 2.80 4.80 2.19 3.25
5 80 2031 1 3.50 8.56 1.88 2.70 4.16
6 100 2001 1 1.20 2.02 2.75 1.26 1.81
7 80 201 3 4.58 8.96 3.02 3.76 5.08
8 100 201 3 3.82 4.41 5.56 3.41 4.30
9 90 15:1 1 2.52 3.86 4.00 2.42 3.20
10 90 2501 1 3.15 4.02 4.22 1.78 3.29
11 90 15:1 3 5.49 6.54 6.78 3.92 5.68
12 90 2501 3 5.86 7.64 8.42 3.60 6.38
13 90 2031 2 8.75 16.02 10.51 7.25 10.63
14 90 2001 2 9.75 14.03 11.00 7.47 10.56
15 90 201 2 7.75 14.98 10.03 7.01 9.94
16 90 201 2 9.25 15.54 10.35 7.34 10.62
17 90 2001 2 9.15 16.40 9.90 7.21 10.67
x3 MEEHBEDH
Table 3 Variance analysis of response surfaces
ZE R IR Rl H BJ7 FE PE
Source Sun of quares Degree of freedom Mean square F value P value
57 Model 154.75 9 17.19 94.18 <0.000 1**
A-$EHUIER % Extraction temperature 2.92 1 2.92 15.97 0.005 2%*
B-#kHE Solvent-to-substrate ratio 0.095 1 0.095 0.52 0.494 9
C-H2HUI ] Extraction time 10.08 1 10.08 55.21 0.000 1%**
AB 1.1 1 1.1 6.04 0.043 6*
AC 0.62 1 0.62 3.38 0.108 8
BC 0.093 1 0.093 0.51 0.498 4
A 53.12 1 53.12 290.98 <<0.000 1**
g 31.89 1 31.89 174.67 <<0.000 1**
c 40.32 1 40.32 220.85 <<0.000 1**
%% Residual 1.28 7 0.18
RAIN Lack of fit 0.9 3 0.3 32 0.1455
4l 7 Pure error 0.38 4 0.094
K Total 156.03 16

e RREBEER, P<0.05; “FRMEEZER, P<0.01.
Note: * P<<0.05, the difference is significant at 0.05 level; ** P<<0.01, the difference is significant at 0.01 level.
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Fig. 3 Response surface diagram and contour lines between solvent-to-substrate ratio and temperature applied for extraction
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Fig. 4 Response surface diagram and contour lines between temperature and time applied for extraction
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Table 4 Determination of minimal inhibitory concentration for peak antimicrobial effect

#111% Bl E.4% Inhibitory zone diameter/mm

e
Concentration /g-mLﬁ KIGAT S A IR Fili o 2F ST 1R Bith
E. coli S. aureus B. subtilis A. niger
0.200 00 5.24+0.83 8.0610.62 7.64+0.85 4.061+0.72
0.100 00 4.38+0.77 6.42+0.81 5.32+0.76 1.04+0.18
0.050 00 2.18+0.22 5.02+0.57 2.14+0.35 0.00
0.025 00 1.15+0.14 3.02+0.42 0.00 0.00
0.012 50 0.00 1.04+0.15 0.00 0.00
0.006 25 0.00 0.00 0.00 0.00
7¥ 1% il Blank control 0.00 0.00 0.00 0.00
N - p [28-29]
SN ZE B R 3 T RE AN R GAE ) ) AR R

3 b Lk

43 5038 2k B PR 22 4 50 g O T A Ak 6 45 30 AT
& il 45 KSR AE WD IR B S R M et T A4 M. R
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6T BT FIT 2R T8 004 410 B AR SR A, 0 R AR G
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