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Response Surface Optimization of Production of Instant Walnut Diaphragm Powder by Spray Drying and

Analysis of Its Reconstitution Properties
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Abstract: The aim of this study was to develop instant walnut diaphragm powder by spray drying. The operating parameters
of spray drying were optimized. First of all, the one-factor-at-a-time method was used to investigate the effects of air inlet
temperature, feed flow rate and hot air flow rate on the wettability, dispersibility, moisture content and particle size of
walnut diaphragm powder. Then, we selected air inlet temperature, feed flow rate and hot air flow rate for the optimization
experiments carried out by using response surface methodology. The responses were wettability and dispersibility. The
results showed that the spray drying process was optimized as follows: air inlet temperature, 170 C; feed flow rate, 1.8 L/h;
and hot air flow rate, 35 m’/h. The measured wetting time for the product under the optimized conditions was 13.2 s and the
experimental dispersion time 5.8 s, which were in good agreement with the model predicted values.
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Table1 Factors and levels used in response surface central
composite design
EES
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i/ C e/ (L/h) (m’/h)

—1 160 1.5 30
0 170 1.8 35
180 2.1 40
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Table2  Effect of air inlet temperature on reconstitution properties
BEREEREIC K E /% BRONMmm IR Iy BN 1R/
150 8.27 0.50 17.2 4.7
160 6.01 0.45 16.8 42
170 5.45 0.40 15.3 3.8
180 452 0.40 16.3 4.0
190 3.84 0.35 19.0 4.1
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Table3 Effect of feed flow rate on reconstitution properties
BERHA Koy s Hliabird N
(L/h) /% K/Nmm fiJ Al /s fJ Al /s

1.5 2.21 0.25 7.9 5.6

1.8 3.26 0.25 13.5 5.2

2.1 4.87 0.35 15.5 4.9

23 6.33 0.35 18.7 5.5

2.6 8.04 0.40 21.0 5.8
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Table4  Effect of hot air flow rate on reconstitution properties
PRI K5y kL T a1

(m’/h) T % K/Nmm I} 1) /s I} 1) /s
20 6.50 0.45 20.7 7.4
25 5.21 0.40 19.9 6.7
30 4.74 0.40 18.9 6.2
35 3.97 0.35 18.2 5.1
40 5.53 0.40 20.0 6.9
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Table5 Experimental design and results for response surface analysis
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biica i bl I} ) /s N Jil/s
1 —1 —1 0 15.5 9.5
2 1 —1 0 16.8 10.3
3 —1 1 0 183 13.6
4 1 1 0 15.5 8.0
5 —1 0 —1 16.4 10.9
6 1 0 —1 15.6 7.5
7 —1 0 1 16.8 11.8
8 1 0 1 15.0 6.9
9 0 —1 —1 14.5 10.4
10 0 1 —1 16.6 11.4
11 0 —1 1 16.5 13.4
12 0 1 1 15.8 10.8
13 0 0 0 13.3 5.8
14 0 0 0 12.9 6.1
15 0 0 0 12.8 5.2
16 0 0 0 13.2 5.0
17 0 0 0 13.0 5.7
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Table 6 Analysis of variance for the regression model of wettability
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Table7  Analysis of variance for the regression model of dispersibility
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Fig. 1  Response surface graph showing the effect of air inlet

temperature and flow rate on wettability
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Fig.2  Response surface graph showing the effect of air inlet

temperature and hot air flow rate on dispersibility
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