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Abstract: In this study, the heat pump drying characteristics of the raw material, fresh Luffa acutangula (Linn.) Roxb., was studied. On the
basis of the results of single-factor experiments, Box-Behnken Design (BBD) was used to design and optimize the experimental conditions for
the studies on the effects of different slice thickness, drying air speed and drying temperature on drying time, rehydration ratio and polyphenol
content. Moreover, the predictive model of the regression equation was obtained using the Design-Expert software, and the heat pump drying
process variables were optimized by response surface methodology. Polyphenols were extracted with acetone from the heat pump dried Luffa
acutangula (Linn.) Roxb., and the antioxidant activity of polyphenols from Luffa acutangula (Linn.) Roxb. was evaluated as DPPH free radical
scavenging activity. The results showed that the optimal heat pump drying conditions were: slice thickness 5.22 mm, drying air speed 1.62 m/s,
drying temperature 62.6 ‘C. It was predicted that the drying time, rehydration ratio and polyphenol content were 2.56 h, 16.1, 1.89 mg/g,
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respectively, under the optimal drying conditions. Considering the actual operational feasibility, the drying process variables were adjusted to:
slice thickness 5 mm, drying air speed 1.6 m/s, drying temperature 63 ‘C. Under such conditions, the drying time, rehydration ratio and
polyphenol content were 2.24 h, 16.05, 1.88 mg/g, which were in good agreement with the predicted values. The antioxidant activity was
positively correlated with the polyphenol content within a certain range. When the mass concentration increased to 0.15 mg/mL, the DPPH free

radical scavenging rate reached 78.13%. The Luffa acutangula (Linn.) Roxb. dried by the heat pump showed good rehydration behavior and

good sensory quality with its polyphenols exhibiting a certain ability to scavenge DPPH free radicals.
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Table 2 Bxo-Behnken experimental design and corresponding results

KIS Wk BE X/mm

BEX/C Mag Xy(ms)

FRIM Y/ h  EKIY,

%84 Yy (mg/g)

1 -1 -1 0 3 15.37 1.59+0.10
2 1 -1 0 6 9.22 1.24+0.06
3 -1 1 0 1.5 18.78 1.34+0.06
4 1 1 0 4 12.79 1.70+0.10
5 -1 0 -1 2.5 14.48 1.27+£0.07
6 1 0 -1 4 8.16 1.60+0.09
7 -1 0 1 2 12.94 1.67+0.09
8 1 0 1 4 6.77 1.28+0.06
9 0 -1 -1 45 8.8 1.36+0.08
10 0 1 -1 35 14.67 1.53+0.08
11 0 -1 1 4.5 9.54 1.47+0.07
12 0 1 1 2.5 10.64 1.60+0.06
13 0 0 0 3.0 14.03 1.48+0.04
14 0 0 0 3.0 14.21 1.45+0.07
15 0 0 0 3.5 14.35 1.49+0.05
16 0 0 0 3.5 14.27 1.53+0.06
R 3 FRFEREYADITER
Table 3 Results of regression analysis of drying time
Source Sum of Squares df  Mean Square F Value p-value Prob >F
Model 17.26 9 1.89 15.56 0.0008 significant
Ak BE 10.13 1 10.13 82.17 <0.0001
B-THRE 5.28 1 5.28 42.86 0.0003
C-TFR Mk 0.28 1 0.28 2.28 0.1746
AB 0.063 1 0.063 0.51 0.4994
AC 0.063 1 0.063 0.51 0.4994
BC 0.25 1 0.25 2.03 0.1973
A? 0.042 1 0.042 0.34 0.5772
B’ 1.16 1 1.16 9.42 0.0181
c 2.63E-03 1 2.63E-03 0.021 0.8879
Residual 0.86 7 0.12
Lack of Fit 0.56 3 0.19 25 0.1985 not significant
Pure Error 0.3 4 0.075
Cor Total 18.12 16
F 4 EKLHEENER
Table 4 Results of regression analysis of rehydration ratio
Source SumofSquares df MeanSquare FValue p-valueProb>F
Model 159.35 9 17.71 1370.9 <0.0001 significant
A1 7 R 75.83 1 75.83 5871.44 <0.0001
B-TRiBE 2433 1 2433 1883.49 <0.0001
C-T MR 4.84 1 4.84 374.45 <0.0001
AB 6.40E-03 1 6.40E-03 0.5 0.5042
TR
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H#ER
AC 5.63E-03 1 5.63E-03 0.44 0.5304
BC 5.69 1 5.69 440.44 <0.0001
A’ 0.25 1 0.25 19.33 0.0032
B’ 0.028 1 0.028 2.17 0.1846
2 47.85 1 47.85 3704.75 <0.0001
Residual 0.09 7 0.013
Lack of Fit 0.032 3 0.011 0.71 0.5929 notsignificant
Pure Error 0.059 4 0.015
Cor Total 159.44 16
x5 SHEEREFNITER
Table 5 Results of regression analysis of polyphenol content
Source Sum of Squares df Mean Square F Value p-value Prob>F
Model 0.84 9 0.093 30.14 <0.0001 significant
A-n i RE 1.25E-03 1 1.25E-03 0.4 0.5454
B-THEE 0.054 1 0.054 17.58 0.0041
C-FRENZ 4.05E-03 1 4.05E-03 1.31 0.2904
AB 0.28 1 0.28 88.99 <0.0001
AC 0.27 1 0.27 85.64 <0.0001
BC 0.018 1 0.018 5.88 0.0457
A? 0.16 1 0.16 50.25 0.0002
B? 2.21E-04 1 2.21E-04 0.071 0.7969
c 0.053 1 0.053 17.13 0.0044
Residual 0.022 7 3.10E-03
Lack of Fit 3.80E-03 3 1.27E-03 0.28 0.8358 not significant
Pure Error 0.018 4 4.47E-03
Cor Total 0.86 16

=3 rEE R A BAK p N 0.0008
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Table 6 The optimum prediction heat pump drying process parameters of Luffa acutangula (Linn.) Roxb.

Number 4R BE/mm  THEBE/C THRRE/(mS) FH4ER/M  ZKik 284 F/mg  Desirability
1 522 62.6 1.62 237 16.1 1.89 0.82 Selected
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