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Optimization of the Molecular Press Dehydration Method for
Ginger Using Response Surface Methodology
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Korea Food Research Institute
'Department of Food Science and Technology, Seoul National University of Technology

Abstract The purpose of this study was to determine the optimal mixing ratios for three different concentrations of
maltodextrin, dehydration time, and cutting thickness to prepare gingers using molecular press dehydration (MPD) through
response surface methodology (RSM) based on the dehydration rate, rehydration rate, and a sensory evaluation. As
maltodextrin concentration increased, dehydration rate, rehydration rate, external, flavor, texture, overall acceptability of the
gingers tended to be high, and the color tended to be low. As the dehydration time and cutting thickness increased,
dehydration rate, rehydration rate and the sensory evaluation of the gingers tended to be high. The maltodextrin
concentrations were 70-82%, dehydration time was 5.2-9.2 hr, and cutting thickness levels were 1.0-1.2 mm. The optimal
mixing ratios, maltodextrin concentration, dehydration time, and cutting thickness for manufacturing the best quality of
gingers using molecular press dehydration were 76%, 7.2 hr, and 1.1 mm, respectively.
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‘ Fresh ginger ‘
!

l Washing & Trimming ‘
+

‘ Slicing (1—1.5mm) ‘
.

l Added dehydrating agent (Maltodextrin(D_E.), PEG)

1

‘ Mixing & Tumbling ‘
!

Centrifugation }

[ ;

‘ Dehydration ginger ‘ ‘ Dehydration liquid ‘

+ i

‘ Drying ‘ ‘ Enrichment & Dilution l
I :

‘ Pulverization ‘

i
MPD-Ginger powder

‘ MPD-Liquid product l

Fig. 1. Processing procedure of molecular press dehydration
(MPD) drying of ginger.
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Table 1. Experimental range and values of the independent variables in the central composite design for optimization of molecular press

dehydration conditions

Coded-variable levels

Independent variables Symbol
-2 -1 0 1 2
Maltodextrin concentration (%) X1 20 40 60 80 100
Dehydration time (hr) X2 2 4 6 8 10
Cutting thickness (mm) X3 5.0 4.0 3.0 2.0 1.0
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Table 2. Effect of drying condition of ginger using molecular press dehydration on the dehydration rate, rehydration rate and sensory
evaluation to different coded values of treatment

Coded level of variable" Responses”
No. Sensory evaluation
X1 X2 X3 Y1 Y2

Y3 Y4 Y6 Y6 Y7
1 40 4 4 46.73 13.03 4.7 4.5 3.5 3.5 3.5
2 40 4 2 62.31 37.33 52 4.6 6.5 6.8 5.9
3 40 8 4 52.99 14.83 4.9 5.5 3.8 3.9 3.6
4 40 8 2 63.37 40.66 6.0 4.5 59 6.8 5.7
5 80 4 4 48.66 12.96 4.5 6.7 4.0 4.0 4.6
6 80 4 2 65.50 40.71 5.7 6.7 5.7 6.9 6.7
7 80 8 4 56.03 17.36 4.6 42 33 4.8 43
8 80 8 2 65.26 42.02 6.2 6.4 6.5 6.8 6.5
9 60 6 3 64.91 33.62 5.6 3.1 5.1 6.9 5.6
10 60 6 3 64.23 35.53 5.7 3.5 5.5 6.9 5.5
11 20 6 3 55.08 27.44 3.5 52 32 5.4 4.1
12 100 6 3 60.25 25.55 52 5.9 6.7 6.5 49
13 60 2 3 46.83 18.71 2.8 4.2 32 5.2 3.5
14 60 10 3 60.71 31.35 6.1 4.5 6.4 6.0 5.8
15 60 6 5 40.18 10.18 3.1 54 33 3.0 32
16 60 6 1 65.41 38.15 6.4 5.5 6.6 6.9 6.1

"X 1-Maltodextrin concentration (%), X2-Dehydration time (hr), X3-Cutting thickness (mm)
2Y1-Dehydration rate (%), Y2-Rehydration rate (%), Y3-External, Y4-Color, Y5-Flavor, Y6-Texture, Y7-Overall acceptibility

Table 3. Polynomial equation calculated by RSM program for drying of ginger using molecular press dehydration method

Responses Polynomial equation” R?? P-value

Y 1=19.9962+0.5872X1+7.0528 X2+6.4943X3-0.0040X1%-0.0005X2X 1 -
0.6750X2%-0.0006X3X 1+0.8006X3X2-2.9437X3*

Y2=-6.4618+0.6485X1+7.8862X2+5.9800X3-0.0050X 1>+0.0018X2X1-

Dehydration rate 0.9871 0.0001#***

1 *

Rehydration rate 0.5965X2>-0.0142X3X 1+0.0975X3X2-2.6025X3* 09175 00121
Y3—34250+0.1387X1+0.9812X2+1 4875X3-0.0008X 1-0.0012X2X - eon

External 0.0437X2>-0.0075X3X 1-0.0625X3X2-0.2250X3" 08729 0.0389
Y4=-2.4937+0.1159X1+0.9468X2-1.0062X3-0.0004X I~ \

Color 0.0053X2X 140,028 1X2>-0.0068X3X1-0.0687X3X2-0.0875X3" 08622 0.0481
Sensory Flaver | Y5-85437-0.0618X1+0.1937X2-1.1875X3+0.0001X I+0.0050X2X - w7 00390"

evaluation 0.0312X2*+0.0087X3X1-0.0375X3X2-0.0875X3*

Y6=2.8500+0.0528X1+0.7593X2+0.7687X3-0.0005X 1*+0.0009X2X1-
0.0812X2+0.0081X3X1-+0.0812X3X2-0.4875X3?

Overall Y7=0.3187+0.0981X1+0.8375X2+0.2875X3-0.0006X1°-0.0012X2X1-
palatability 0.0562X2+0.0012X3X1+0.0125X3X2-0.2250X3?

DX 1-Maltodextrin concentration (%), X2-Dehydration time (hr), X3-Cutting thickness (mm), Y1-Dehydration rate (%), Y2-Rehydration rate (%),
Y3-External, Y4-Color, Y5-Flavor, Y6-Texture, Y7-Overall acceptibility

JR? is coefficient of determination

* significant at p<0.05 level; **, significant at p<0.01 level; ***, significant at p<0.005 level;, ****_ significant at p<0.001 level

Texture 0.9512 0.0027**

0.8626 0.0477*

Table 4. Analysis of variance showing significance effects of processing variables on dehydration rate, rehydration rate and sensory
evaluation properties of ginger using molecular press dehydration method

F-Ratio
Ingredient” Dehydration Rehydration Sensory evaluation
rate rate External Color Flavor Texture Overall acceptibility
X1 8.60* 0.62 1.89 3.37 1.18 2.06 1.46
X2 29.01# % 1.61 0.35 2.81 1.92 2.47 1.00
X3 95.22 %k 15.65%** 4.58%* 5.55% 7.24% 27.68% ¥ 7.70*

DX 1-Maltodextrin concentration (%), X2-Dehydration time (hr), X3-Cutting thickness (mm)
* significant at p<0.05 level; **, significant at p<0.01 level; ***, significant at p<0.005 level; ****_ significant at p<0.001 level
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Fig. 2. Response surface on dehydration ratio of ginger using
molecular press dehydration method.
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Fig. 3. Response surface on rehydration ratio of ginger using
molecular press dehydration method.
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Sensory evaluation (external) (Y3)

Maltodextrin concentration (X1)xDehydration time (X2)

Sensory evaluation (external) (Y3)

Maltodextrin concentration (X1)xCutting thickness (X3)

Sensory evaluation (external) (Y3)

Dehydration time (X2)xCutting thickness (X3)

Fig. 4. Response surface on sensory evaluation (external) of
ginger using molecular press dehydration method.
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Dehydration time (X2)xCutting thickness (X3)

Fig. 5. Response surface on sensory evaluation (color) of ginger
using molecular press dehydration method.
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Sensory evaluation (flavor) (Y5)

Sensory evaluation (flavor) (Y5)

Dehydration time (X2)xCutting thickness (X3)

Fig. 6. Response surface on sensory evaluation (flavor) of ginger
using molecular press dehydration method.
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Fig. 7. Response surface on sensory evaluation (texture) of
ginger using molecular press dehydration method.
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Table S. Predicted level of optimum preparation for the maximized sensory properties of ginger using molecular press dehydration by

ridge analysis and superimposing of their response surfaces

Level for maximum responses

Prepare .
condition" Dehydration Rehydration Sensory evaluation
rate rate External Color Flavor Texture Overall acceptibility
X1 67.44 63.88 74.63 48.65 71.55 61.43 69.27
X2 6.36 6.80 9.63 522 5.69 5.92 6.79
X3 1.96 1.10 0.72 2.83 1.12 1.80 1.02
Morphology Max* Max* Max* Min** Max* Max* Max*

*Max, Maximum; **Min, Minimum; ***S.P.; Saddle point

Sensory evaluation (overall) (Y7)

Sensory evaluation (overall) (Y7)

Dehydration time (X2)*Cutting thickness (X3)

Fig. 8. Response surface on sensory evaluation (overall palatability)
of ginger using molecular press dehydration method.
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Fig. 9. Optimum condition of ginger using molecular press
dehydration method.
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