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Abstract

A three-variable and three-level design analyzed by response surface methodology, was used to determine op-
timum conditions for osmotic dehydration of carrots. Effects of immersion temperature, concentration and
time on various responses were studied. Optimization of the process was conducted using the combination of
the effects of carotene contents of processed carrots, moisture content and color difference (AE). The higher
temperature and concentration were more osmotic effects and it was dependent on concentration by tem-
perature and time. The regression models showed significant lack of fit (P>0.05) and were highly significant
with satisfying values of R>. To optimize osmotic dehydration, based on surface response and contour plots,
the individual contour plots were superimposed for the response variables. The optimum conditions for this
process were 72°C, 46°Brix, 15 min., 300 pg/g carotene content, 72% moisture content, and 10-12 values of

color differences, respectively.
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Table 1. Coding of levels of independent variables
used in developing experimental data for optimization
of the process for osmotic dehydration of carrots

Symbols Levels
Independent variables
Uncoded Coded Uncoded Coded

Immersion 6o |
0 T X1 70 0
Temperature (°C) 30 1
Immersion 20 -l
concentration ("Brix) C X2 40 0
60 1
10 -1
Immersion time (min.) t X3 15 0
20 1
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Table 2. Experimental data for carotene content, moisture content, AE and rehydration ratio for different coded

values of treatment conditions

Treatment Immersion Immersion Immersion Carotene Moisture AE
No. temp. T Conc. C time t Content Content
1 -1 -1 0 961.26 89.68 18.72
2 -1 0 -1 645.25 82.11 14.66
3 -1 0 1 472.78 81.64 18.63
4 -1 1 0 485.17 73.94 12.88
5 0 -1 -1 552.40 85.89 17.77
6 0 -1 1 554.33 84.94 17.36
7 0 0 0 341.91 74.38 11.84
8 0 0 0 294.80 72.98 13.67
9 0 0 0 426.77 75.79 10.86
10 0 i -1 349.90 70.39 10.46
11 0 1 1 306.37 69.25 9.02
12 1 -1 0 774.46 84.81 22.85
13 1 0 -1 532.84 76.34 11.88
14 1 0 1 412.16 75.27 11.71
15 1 1 0 238.59 66.29 8.86
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Table 3. Regression coefficients of second order po-
lynomials” representing relationships between indicat-
ed response variables (Yn) and independent variables
of immersion temperature (i or j=1), immersion con-
centration (i or j=2), immersion time (i or j=3)

.. Carotene Content Moisture Content  AE
Coefficients

k=1 k=2 k=3
BkO 354.49 7438 12.12
Bk1 -75.80 -3.08 -1.20
Bk2 -182.80 8.18 -4.44
Bk3 -41.84 -0.45 0.24
Bk11 167.69 276 2.14
Bk12 -14.95 .70 2,03
Bk13 12.95 .15 -1.04
Bk22 92.68 1.54 1.57
Bk23 -11.37 .05 0.26
Bk33 -6.43 1.70 -0.04

3)Yn=Bn+i BaX.+izk“ BiXX+e
= =lj=1

Table 4. Analysis of variance showing significant effects
of processing variables on carotene content, moisture
content, AE and rehydration ratio

Sum of squares

Process DF -
variables Carotene Con- Moisture AE
tent Content
Immersion 4 151361 106.15**  49.23
Temperature
Immersion 4 300463* 546.13**  183.31*
Concentration
Immersion 4 15357 12.38 5.03
Time

*Significant at 5%, ** Significant at 1%.
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Table 5. Analysis of variance showing effects of treatment variables as linear or quadratic terms and interaction
(cross product) effects on response variables, carotene content, moisture content, AE and rehydration ratio

Carotene Content Moisture Content AE
Source DF

sum of squares Prob>F sum of squares Prob>F sum of squares Prob>F
Model 9 459201 0.0726 657.01 0.0001 214.99 0.0395
Linear 3 327308 0.0212 613.12 0.0000 169.33 0.0090
Quadratic 3 129812 0.1135 41.85 0.0079 24.51 0.2581
Cross product 3 2080.61 0.9819 2.03 0.6145 21.16 0.3044
Residual 5 64738 518 22.27
Lack of fit 3 18598 0.1999 123 0.8838 18.21 0.2611
Pure error 2 4472.77 3.95 4.07
Variability explained(R2) 0.8764 0.9922 0.9061
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Table 6. Predicted levels of process variables yielding
optimum response of carotene content, moisture con-
tent, AE and rehydration ratio

Levels for optimum response

process
variables Carotene Moisture AE
Content Content
Immersion 0.39 0.93 0.15
Temperature
Immersion 0.80 2.87 1.26
Concentration
Immersion time -3.56 0.22 -3.02
Morphology
Predicted value at S.p? MIN. S.P.
stationary point 340.73 61.15 8.86
“S.P.=Saddle Point
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Fig. 1. Contour plots of equal response under the constant time (t=15 min.). (a) carotene content (b) moisture content
(c) color difference (d) superimposed plots. ---: Moisture Content, —: Carotene Content.
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Fig. 2. Response surfaces of variables at the constant process time(t=15min.) (a) carotene content (b) moisture con-

tent (c) color difference (a) (b) (c)
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