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Table 1 Central composite design and observed value of response variable

Ultrasound (min) Osmosis time (min) Brix (%) Weight reduction (%) Solid gain (%) Water loss (%)

20 120 60
10 60 60
10 120 50
0 120 60
10 120 50
10 120 50
20 180 50
0 120 40
20 60 50
0 180 50
0 60 50
10 120 50
10 180 40
20 120 40
10 120 50
10 180 60
10 60 40

46 15 61
41.5 7.5 49
38.8 7 45.8
41.5 10.5 52
39.5 6.5 46
38.2 7.6 45.8

44 13 57
37.5 8.5 46

38 11 49
425 10.5 53

40 7.5 47.5
36.8 8 44.8
37.6 8.4 46

37 11 48
35.6 8.4 44

45 12 57

33 5.5 38.5

Table 2 ANOVA evalution of linear, guadratic and interaction terms for each response variable and
coefficient of rediction models

source weight reduction solid gain Water loss
Coefficient Mean Coefficient Mean Coefficien Mean
Estimate Square F Value Estimate Square F Value t Estimate  Square F Value
model 39.26 41.03  <0.0001 9.07 19.59 <0.0001 47.62 70.09 <0.0001
A 421 21.80 0.0108 6.87 57.91 <0.0001 10.95 146.91 <0.0001
B 2.08 34.45 0.0026 1.55 19.22 <0.0001 3.63 105.13 <0.0001
C 3.61 104.40 <0.0001 1.45 16.82 <0.0001 5.94 188.02 <0.0001
AC 2.62 12.25 0.008
A? 5.33 23.75 0.0085 6.64 36.81 <0.0001 11.78 115.39 <0.0001
B’ 1.11 5.19 0.0550
C? 0.80 2.72 0.0337 1.24 6.42 0.0367
Residual 2.40 0.46 1.07
Lack of fit 2.37 0.5575 0.40 0.6921 1.34 0.2895
Pure error 2.47 0.5 0.73
R’ 0.8505 0.9506 0.9808
R? adj 0.9282 0.9282 0.9658
Adeq precision 3.92 7.32 2.12
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Table 3 Central composite design and observed value of response variable

Temperature Time Area Rehydration ratio Shrinkage Moisture content

°C) (min) (/>Reduction (gr/gr) (em’/ cm?) (gr/gr)
70 240 46 82.1 23 0.75 0.135
70 324.85 50 79.4 2.39 0.78 0.08
70 240 46.9 83.2 2.28 0.748 0.145
70 240 47.5 83.78 2.321 0.74 0.13
60 180 38 78.1 2.05 0.63 0.19
70 240 48 84.1 2.29 0.735 0.133

84.14 240 473 66.13 2.39 0.69 0.09

55.85 240 44.1 78.2 2.03 0.72 0.17
80 300 74.5 73.24 24 0.713 0.07
80 180 44.5 79.51 228 0.669 0.1
60 300 46.2 86.41 2.1 0.75 0.127
70 240 48.4 84.7 221 0.728 0.129
70 155.15 41 85.32 2.07 0.66 0.17

o 0L S P>0.05) as s pwe 2 351 pde Osasl

5 RP s W slie ol e sl e cdas
52 e VL Ul SOl s e plas s R’ adjusted

Al

Ll o

aBly 51 e a2

Q\}f&‘ﬁeﬂﬁ.ﬂ5€)>@)>diﬁg0}id)‘sz..gd.}.)SL_

u'<') ad go (3o LS]:K"" Ol e ‘;-":S)ﬁ Ol e Zasb)
(P<0.01) wss s xe Foglhls o3l ol oz 5 L*

Table 4 ANOVA evalution of linear, guadratic and interaction terms for each response variable and
coefficient of prediction models

source Rehydration ratio Shrinkage Moisture content
Coefficie M . .
ean F Coefficien Mean F Coefficient Mean
nt S Value  tEstimate S Val Estimat S F Value!
Estimate quare alue stimate quare alue stimate quare
model 2.24 0.092 <0.0001 0.74 4.081x107° 0.0007 0.13 7.264x107 <0.0001
A 0.13 0.13 <0.0001 -0.033 8.477x1073 <0.0001
B 0.078 0.048 0.0032 0.042 0.014 <0.0001 -0.028 6.05%10 <0.0001
AB -0.019 1.43x10° 0.0385
2 -0.023 3.705x10°  0.0046
B’ -0.016 1.688x107 0.0280
Residual 3.264x107 2.210x10™ 1.107x10™*
Lack of fit 4260x10° 02074 4.047x10*  0.0803 1.574x10™* 0.1061
Pure error 1/77x10° 8/320x10 4/08x10
R? 0.8489 0.9295 0.9292
R? adj 0.8187 0.8592 0.9150
Adeq precision 2.55 2.08 8.20
Table 5 ANOVA evalution of linear, guadratic and interaction terms for each response variable and
coefficient of prediction models
source Area Reduction L*
Coefficient Estimate Mean Square F Value Coefficient Estimate Mean Square  F Value
model 47.36 2343 0.0010 83.46 136.71 <0.0001
A 1.54 18.99 0.0082 -6.32 319.35 <0.0001
B 2.99 71.57 0.0002 -1.98 31.35 <0.0154
A? -1.22 10.31 0.0313 -2.90 59.43 0.0026
B? -1.32 12.08 0.0228
Residual 1.43 3.52
Lack of fit 2.15 0.2082 5.56 00583
Pure error 0.89 0.97
R? 0.9213 0.9283
R? adj 0.8650 0.9044
Adeq precision 2/61 2/30

Yeq
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Studying the influence of ultrasound treatment on osmosis
dehydration of turnip and optimization of hot-air drying conditions
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We studied the ultrasound effect on osmotic dehydration of turnip, and optimized the conditions of hot air
drying using response level method. Turnip slices were placed under a primary treatment of ultrasound
for 0,10 and 20 minutes, then osmosis was done in a sucrose solution with 40 to 60 brix (W/W) and
durations of 60 to 180 minutes based on the Response surface primary methodology. Water loss, solid
gain, and weight reduction, was determined. All regression models fitted for the responses were
significant at the level of 99% of confidence. We calculated the optimum point to achieve the most water
loss; least solid gain, and least weight reduction. The conditions in this point included 60 % sucrose
concentration, osmosis duration 136 minutes, without ultrasound treatment. After achieving the optimum
conditions of dehydration, for the air drying stage, we used the samples prepared under optimum
conditions determined in the dehydration stage .Then drying was done in the air-drier with temperatures
between 60 to 80 °C and durations of 180 to 300 minutes, under the Response surface methodology. The
optimum conditions of air drying were determined based on the least moisture content, Shrinkage, size,
the most L* color element, and rehydration and duration of 4.5 hours and temperature of 78 °C.
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* Corresponding Author E-Mail Address: fshahidi@um.ac.ir

Yi¢



