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Abstract

The developments of various processed foods and the high quality dried fruits, in particular, are urgently ne-
eded for the enhancement of fruit consumption and their competitive values. Therefore, in this study, three
variables by three level factorial design and response surface methodology were used to determine optimum
conditions for osmotic dehydration of kiwifruit. The relationships of moisture losses, solid gains, weight
reductions, sugar contents, titratable acidities and vitamin C contents depending on changes with temperature,
sugar concentration and immersion time were investigated. The moisture loss, solid gain, weight reduction
and reduction of moisture content after osmotic dehydration were increased as temperature, sugar con-
centration and immersion time increased. The effect of concentration was more significant than those of tem-
perature and time on mass transfer. Sugar content was increased by increasing sugar concentration, tem-
perature, immersion time during osmotic dehydration. Titratable acidity and vitamin C content were increased
by decreasing temperature, immersion time and increasing concentration during osmotic dehydration. The re-
gression models showed a significant lack of fit (P>0.05) and were highly significant with satisfying values
of R®. At the given conditions such as 66~69% moisture content, above 24°Brix sugar content and more than
23 mg% vitamin C, the optimum condition for osmotic dehydration was 37°C, 55°Brix and 1.5 hour.
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Final Solid — Initial Solid

Solid Gain (%)= x 100
olid Gain (%)=~ Sl Gross Weight

Weight Reduction (%)=

Initial Gross Weight — Final Weight %

100
Initial Gross Weight

Moisture Loss (%)=

Initial Moisture — Final Moisture
Initial Moisture

X 100

o 7)o 4], Initial Gross Weight: Initial weight of
Kiwi (g)
Final Weight: Weight after osmotic dehy-
dration (g)
Initial Solid: Initial solid cf Kiwi (g)
Final Solid: Solid after Osmotic dehy-
dration (g)
Initial Moisture: Initial moisture content
of Kiwi (%)
Final Moisture: Moisture content after os-
mostic dehydration (%)
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Table 1. Coding of levels of independent variables used
in developing experimental data for optlmuatlon of the

process for osmotic dehydration of kiwifruits

Independent Symbols Levels
variables Uncoded Coded Uncoded Coded

Immersion 20 -1
temperature (°C) T X1 40 0
60 1

Immersion 20 -1
concentration ("Brix) C X2 40 0
60 1

1 -1

Immersion time (hr.) t X3 2 0
3 1
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Table 2. Experimental datas for moisture content, solid gain, weight reduction, acidity, sweetness and vitamin C for

different coded values of treatment conditions

Treatment No. Temperature  Concentration Time  M.C. S.G. W.R. ML Acidity Sweetness Vit-C
1 20 20 2 81.44 1.31 -3.13 0.889  1.099 14.27 18.48
2 20 40 1 75.97 4.78 589 754 1.147 12.21 24.99
3 20 40 3 72.49 6.63 11.07 11.78 1.148 20.12 18.75
4 20 60 2 70.62 6.15 18.37 14.06 1.404 19.22 21.54
5 40 20 1 81.30 1.64 -4.10  1.06 1.039 14.96 17.47
6 40 20 3 82.23 1.02 -6.05  -0.07 0.959 19.06 15.50
7 40 40 2 70.64 7.67 13.14 14.03 1.373 21.33 24.47
8 40 40 2 70.92 7.23 13.81 13.69 1.376 20.25 22.20
9 40 40 2 72.66 5.61 14.28 11.57 1.175 17.76 23.25

10 40 60 1 66.54 8.63 2091 19.02 1.202 25.63 24.10
11 40 60 3 62.80 9.11 27.59 2357 1.422 25.71 22.90
12 60 20 2 79.31 2.03 402 348 0.343 17.89 9.38
13 60 40 1 70.35 7.03 16.15 14.38 0.729 25.80 18.06
14 60 40 3 66.54 9.89 17.14  19.02 0.416 31.05 8.78
15 60 60 2 61.61 7.09 35.08 25.02 0.826 33.19 13.92
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Table 3. Regression coefficients of second order polynomials” representing relationships between indicated response
variables (Yn) and independent variables of immersion temperature (i or j=1), immersion concentration (i or j=2),

immersion time (i or j=3)

Coefficients M.C. S.G. W.R. M.L. Acidity Sweetness Vit-C
BkO 90.5667 -8.3783 -23.8217 -10.2183 -(.1985 10.0700 -2.7183
Bk1 0.0425 0.0849 -0.1647 -0.0516 0.5643 0.01608 0.8113
Bk2 -0.4750 0.5905 0.5536 0.5776 0.0063 0.0358 0.5919
Bk3 1.4308 -2.8854 9.4992 -1.7342 0.4065 0.0825 1.7971
Bk11 0.0000 -0.0009 0.0035 0.0000 -0.0009 0.0029 -0.0123
Bk12 -0.0043 0.0001 0.0060 0.0052 0.0001 0.0065 0.0009
Bk13 -0.0041 0.0126 -0.0524 0.0050 -0.0039 -0.0333 -0.0380
Bk22 0.0046 -0.0058 -0.0039 -0.0056 -0.0001 0.0005 -0.0064
Bk23 -0.0584 0.0137 0.1079 0.0710 0.0037 -(.0503 0.0096
Bk33 -0.0483 0.6004 -2.5892 0.0579 -0.1052 1.3563 -0.7496

VY= &Z BX+ZZ B XX +e.

i=1 j=1
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Table 4. Analysis of variance showing effects of treatment variables as linear or guadratic terms and interaction
(cross product) effects on response variables

M.C. S.G. W.R. M.L. Acidity Sweetness Vit-C
Source DF
SS. P;‘;b SsS. P:‘}’:b SS. P;‘;.b S, P;‘I’:b SS. P:I’:h S P;OF" S P;‘;b
Model 9 599.78 0.0005 110.23 0.0333 1851.12 0.0001 887.04 0.0005 1.54 0.0046 479.19 0.0081 353.46 0.0206
Lincar 3 56879 0.0001 87.04 0.0074 1762.71 0.0000 84224 0.0001 1.03 0.0014 435.68 0.0012 243.43 0.0061
Quadratic 3 12.98 0.1820 22.63 0.1013 4255 0.0467 19.18 0.1826 046 00088 1092 0.5615 107.02 0.0339
Cross 3 1731 0.1199 0.60 0.9622 45.86 0.0406 25.62 0.1201 006 03134 3259 01973 301 09010
Resiual 5 8.95 10.50 12.64 13.25 0.0596 23.86 26.82
Lack of fit 3 655 03734 815 03166 11.98 00769 9.70 0.3740 0.0265 0.5869 17.16 03903 2424 0.1408
Pure error 2 2.40 225 0.66 355 0.0331 6.70 258
Variabili
explaim‘iy ® 0.9853 0.9130 0.9932 0.9853 0.9627 0.9526 0.9295

S.S.: sum of squares

Table 5. Analysis of variance showing significance of effects of processing variables on moisture content, solid gain,
weight reduction, acidity, sweetness and vitamin C of kiwifruit

Process DF Sum of squares

variables M.C. S.G. W.R. M.L. Acidity ~ Sweet- Vit-C
Immersion Temperature 4 76.33* 7.16 236.46** 112.98* 1.24**  255.16** 233.24*
Immersion Concentration 4 521.62** 98.48** 1596.49** 772.33%* 0.29* 207.41* 83.46
Immersion Time 4 18.24 4.50 62.61* 27.03 0.09 50.18 48.20

*Significant at 5%.
**Significant at 1%.
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Fig. 2. Response surfaces for moisture content of tem- Fig. 4. Response surfaces for vitamin C content of tem-
perature and concentration during osmotic dehydra- perature and concentration during osmotic dehydration
tion at 1.5 hour of immersion time. at 1.5 hour of immersion time.
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