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1. Solanumtuberosum
2. Ultrasound
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Table 1 Different treatments and their abbreviations

Number Pretreatment Symbol
1 Control Control
2 Ultrasoundwith frequencyof 28kHz U28
3 Ultrasoundwith frequencyof 40kHz U40
4 Osmotic dehydration with 2% NaCl solution 02
5 Osmotic dehydration with 4% NaCl solution 04
6 Ultrasoundwith frequencyof 28kHz—Osmotic dehydration with 2% NaCl solution U28 — 02
7 Ultrasoundwith frequencyof 40kHz—Osmotic dehydration with 2% NaCl solution U40 - 02
8 Ultrasoundwith frequencyof 28kHz—Osmotic dehydration with 4% NaCl solution U28 - 04
9 Ultrasoundwith frequencyof 40kHz—Osmotic dehydration with 4% NaCl solution U40 — 04
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Fig 1 Moisture content of potato slices (Control) as
a function of frying time at 150, 170 and 190°C
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Fig 2 Moisturecontent variations of potato strips
during frying at 150°C for various treatments based
on Table 1 (A, B)
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Table 2 Magnitudes of effective moisture diffusion coefficient (D.g) for various treatments based on
Table 1

Temperature (°C)

Treatment

150 170 190
D, (m’/s)x10" R’ D, (m’/s)x10" R’ D, (m’/s)x10" R’

Control 3.0437+0.110 0.92  3.977% 0.058 0.96  4.523°+0.066 0.96
U28 3.480™+ 0.110 0.95  4.091%+0.082 0.96  5.031°+0.250 0.93
U40 3.823% +(0.120 0.97  5.111%£0.250 0.97  5.885"+0.160 0.97
02 3.849%+ 0.057 0.92  4.696°+0.150 0.94  5.095% 0.200 0.94
04 4.557%%+ 0.180 0.92  6.019"+£0.330 0.95  7.178%+0.350 0.96
U28 — 02 3.628%+ 0.038 0.94  4.777°+0.150 0.94  5.919"+0.400 0.95
U40 — 02 2.927+0.018 0.91  3.797%+0.130 0.95  3.880%"+0.140 0.93
U28 — 04 1.944%+ 0.052 0.97  2.581+0.020 0.95  2.624+0.079 0.92
U40 — 04 2.921%+ 0.050 0.97  3.965% 0.038 0.98  4.794°+0.100 0.97

Table 3 Kinetics modeling of potato
dimensionless moisture content (M) as a
function of time (t)

Reference Models No.
Current M =(1-at)/(1+bt) !
study
g M, = exp(-at’) 2
g M, =exp(-at/t+b) 3
g M, =at’ +bt+1 4
g M, =a/t+b >
g M, = aexp(-bt) 6

"a, b: Model constants
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Table 4 Statistical parameters of models 1-6 in Table 3 for different treatments and temperatures
during frying

Temperature (°C)

Model 1 150

170 190

Treatment a b R’> RMSE

a

b R RMSE a b R’> RMSE

Control 0.0058 0.0103 0.99 0.0049

U28 0.0052 0.0077 0.99 0.0075
U40 0.0051 0.0068 0.99 0.0066
02 0.0074 0.0114 0.99 0.0147
04 0.0092 0.0130 0.99 0.0064

U28-02 0.0063 0.0097 0.99 0.0119
U40-02 0.0066 0.0129 0.98 0.0226
U28-04 0.0025 0.0050 0.99 0.0094
U40-04 0.0035 0.0049 0.99 0.0052

0.0059
0.0053
0.0057
0.0080
0.0098
0.0083
0.0062
0.0039
0.0047

0.0080 0.99 0.0100 0.0063 0.0079 0.99 0.0118
0.0066 0.99 0.0023 0.0095 0.0125 0.99 0.0036
0.0058 0.99 0.0167 0.0070 0.0070 0.99 0.0075
0.0106 0.99 0.0101 0.0089 0.0114 0.99 0.0097
0.0112 0.99 0.0077 0.0108 0.0113 0.99 0.0100
0.0108 0.99 0.0045 0.0089 0.0100 0.99 0.0034
0.0091 0.99 0.0158 0.0076 0.0117 0.99 0.0108
0.0070 0.99 0.0091 0.0053 0.0106 0.99 0.0119
0.0057 0.99 0.0045 0.0061 0.0069 0.99 0.0026

Model 2

Temperature (°C)

150 170 190
Treatment a b R’ RMSE a b R’ RMSE a b R’ RMSE
Control  0.028 0.534 0.99 0.0095 0.022 0.624 0.99 0.0034 0.021 0.648 0.99 0.0065
U28 0.019 0.623 0.99 0.0094 0.016 0.687 0.99 0.0084 0.043 0.547 0.99 0.0069
U40 0.016 0.664 0.99 0.0028 0.012 0.772 0.99 0.0212 0.017 0.743 0.99 0.0127
02 0.036 0.531 0.99 0.0151 0.034 0.576 0.99 0.0025 0.038 0.570 0.99 0.0044
04 0.045 0.520 0.99 0.0079 0.037 0.607 0.99 0.0081 0.036 0.641 0.99 0.0039
U28-02 0.028 0.562 0.99 0.0043 0.034 0.578 0.99 0.0098 0.030 0.637 0.99 0.0080
U40-02 0.038 0.470 0.99 0.0153 0.026 0.581 0.99 0.0085 0.037 0.524 0.99 0.0033
U28-04 0.008 0.660 0.99 0.0062 0.015 0.611 0.99 0.0092 0.028 0.508 0.99 0.0077
U40-04 0.009 0.713 0.99 0.0057 0.013 0.718 0.99 0.0039 0.017 0.699 0.99 0.0074
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Temperature (°C)

Model 3 150 170 190

Treatment a b R’ RMSE a b R’ RMSE a b R’ RMSE
Control 0.811 138 0.99 0.0049 1.220 204 0.99 0.0106 1.385 209 0.99 0.0133
U28 1.06 199 0.99 0.0079 1.239 209 0.99 0.0103 1.363 145 0.99 0.0042
U40 1.167 209 0.99 0.0099 1.486 209 0.99 0.0288 1.730 209 0.99 0.0218
02 1.017 136 0.99 0.0148 1.323 165 0.99 0.0108 1.423 161 0.99 0.0104
04 1.194 131 0.99 0.0067 1.780 186 0.99 0.0085 2.204 209 0.99 0.0121

U28 - 02 1.003 157 0.99 0.0123 1.360
U40 - 02 0.718 109 0.98 0.0228 1.081
U28 - 04 0.594 209 0.99 0.0107 0.763
U40 - 04 0.872 209 0.99 0.0131 1.176

166 0.99 0.0047 1.842 209 0.99 0.0044
171 0.99 0.0162 1.019 134 0.99 0.0112
187 0.99 0.0095 0.671 124 0.99 0.0121
209 0.99 0.0156 1.440 209 0.99 0.0130

Temperature (°C)

Model 4 150

170 190

Treatment ax10°® b R?> RMSE ax10°

b R> RMSE ax10® b R’> RMSE

Control 8.494 -0.0036 0.98 0.0209 8.527 -0.0040 0.98 0.0275 9.171 -0.0043 0.98 0.0303

U28 7.839 -0.0036 0.99 0.0203 8.237 -0.0040 0.99 0.0130 0.132 -0.0054 0.98 0.0351
U40 7.687 -0.0037 0.99 0.0198 9.092 -0.0045 0.99 0.0145 0.109 -0.0051 0.99 0.0138
02 0.103 -0.0044 0.97 0.0355 0.112 -0.0049 0.97 0.0366 0.123 -0.0053 0.97 0.0397
04 0.124 -0.0051 0.97 0.0374 0.137 -0.0058 0.98 0.0397 0.149 -0.0064 0.97 0.0465

U28-02  8.800 -0.0039 0.97 0.0317 0.119 -0.0051 0.98 0.0300 0.130 -0.0056 0.98 0.0320
U40-02 8.016 -0.0035 0.94 0.0427 8.604 -0.0040 0.97 0.0347 0.103 -0.0044 0.97 0.0352
U28-04  3.626 -0.0020 0.99 0.0137 5.825 -0.0028 0.99 0.0181 7.169 -0.0032 0.97 0.0286
U40-04  5.225 -0.0028 0.99 0.0099 7.077 -0.0036 0.99 0.0162 9.397 -0.0045 0.99 0.0168

Temperature (°C)

Model 5 150 170 190

Treatment a b R’ RMSE a b R> RMSE a b R’ RMSE
Control 3163 3248 0.96 0.0373 233.4 2373 0.98 0.0254 198.7 201.3 0.99 0.0221
U28 2777 2825 0.98 0.0266 2303 232.5 0.99 0.0166 1544 157.2 0.98 0.0347
U40 251.1 2545 099 0.0198 176.8 1764 0.99 0.0167 143  142.9 0.999 0.0075
02 2282 234 096 0.0413 177.9 181.1 0.98 0.0314 156.7 159.3 0.98 0.0312
04 1758 179.8 0.97 0.0404 125 126.1 0.99 0.0218 99.87 100.3 0.99 0.0129

U28-02 2562 2625 097 0.0341 171

U40-02 3314 3434 0.93 0.0463 244.7
U28-04 599.7 609.2 098 0.0183 4114
U40-04 3663 3704 0.99 0.0153 246.5

173.8 0.98 0.0308 131 131.9 0.99 0.0166
250.2 0.98 0.0327 226.2 2323 0.97 0.0397
419.6 0.97 0.0266 387 399  0.95 0.0379
248.5 0.99 0.0126 186.5 187.7 0.99 0.0123

Temperature (°C)

Model 6 150

170 190

Treatment a b R?> RMSE a

b R? RMSE a b R?> RMSE

Control  0.953 -0.0022 0.92 0.0518 0.959 -0.0029 0.95 0.0460 0.96 -0.0033 0.96 0.0466
U28 0.962 -0.0025 0.95 0.0439 0.967 -0.0030 0.97 0.0397 0.944 -0.0039 0.93 0.0686
U40 0.964 -0.0028 0.97 0.0394 0.976 -0.0037 0.97 0.0386 0.971 -0.0044 0.98 0.0409
02 0.947 -0.0029 0.92 0.0620 0.949 -0.0036 0.94 0.0596 0.947 -0.00397 0.94 0.0638
04 0.942 -0.0035 0.92 0.0695 0.952 -0.0047 0.95 0.0633 0.956 -0.0056 0.96 0.0607

U28-02 0.952 -0.0027 0.93 0.0520 0.950 -0.0037 0.94 0.0617 0.956 -0.00462 0.96 0.0577

U40-02 0.946 -0.00217 0.90 0.0571 0.953 -0.0028 0.94 0.0508 0.945 -0.0029 0.92 0.0607

U28-04 0976 -0.0013 0.96 0.0235 0.967 -0.0018 0.94 0.0364 0.954 -0.0019 0.92 0.0479

U40-04 0.975 -0.0020 0.97 0.0276 0.971 -0.0028 0.98 0.0333 0.966 -0.0035 0.97 0.0416
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Fig 3 Moisture content variations of potato slices based on experimental (Exp) and predicted (Fit) data (model 2,
Table 3) for various treatments based on Table 1 at 150°C (a,b), 170°C (c,d) and 190°C (e,f)
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Table 5 Dimensionless moisture content (M;) Ol sy Gliws 4 Cawd oS 4 L) de Osd
modeling of potato slices during frying process

as a function of oil content (O), shrinkage (S) Ll b ot sl 3lin b g 2l JBg 5 S

and apparent density (p) clales 5 dals Glawss ;30 Jod= T 5 Y O cladae
Reference Models No. das e 02 18:°C 5 Vs 0
Current study M, =1-a0 1
z — 2 2
M, =1+aS -bS,,
z _ b 3
M, =ap” +c

Table 6 Statistical parameters of models 1-3 in Table 5 for different treatments and temperatures

during frying
Temperature (°C)
Model 1 150 170 190
Treatment a R’ RMSE a R’ RMSE a R? RMSE
Control 1.987 0.99 0.0113 2.123 0.95 0.0424 221 0.93  0.0559
U28 2.81 0.99  0.0099 2.406 0.99  0.0190 2.5 0.95  0.0508
U40 2.155 0.99 0.0149 2214 0.92 0.0626  2.134  0.87  0.0886
02 3.41 0.98 0.0249  0.0249 0.97 0.0359  3.453 0.95  0.0494
04 0.0494 0.99 0.0112 4.33 0.98  0.0336 431 0.94  0.0682
U28-02 4.041 0.99 0.0175 4.457 0.99 0.0085  4.499 0.99  0.0264
U40 - 02 3.241 0.98  0.0197 3.51 0.99 0.0170  3.404  0.99  0.0160
U28 - 04 2.641 0.98  0.0160 3.001 0.99 0.0143  2.983 0.98  0.0167
U40 — 04 3.563 0.99  0.0099 3.921 0.99 0.0188 0.0188  0.98  0.0246
Temperature (°C)
Model 2 150 170 190
Treatment a b R’ RMSE a b R? RMSE a b R’> RMSE
Control  -2.362 -0.460 0.99 0.0198 -3.936 -0.123 0.99 0.0246 -5.801 0.378 0.99 0.0224
U28 -1.6  -0.851 0.99 0.0126 -2.129 -0.471 0.99 0.0230 -1.8 -0.719 0.98 0.0393
U40 -3.669 -0.290 0.99 0.0095 -6.272 0.459 0.99 0.0180 -9.233 0.995 0.99 0.0298
02 -7.582 1.477 093 0.0576 -49 0.464 084 0.1015 1.02 -1.679 0.83 0.1091
04 1.11  -1.47 0.84 0.0988 0.3418 -1.326 0.84 0.1191 0.647 -1.674 0.86 0.12

U28 - 02 1.846 -1.669 0.81 0.0912 1.463 -1.739 0.82 0.108 -4.618 0.32 0.90 0.0931
U40-02 -6.806 1.371 0.99 0.0204 -14.67 3.675 0.96 0.0433 7.032 -3.685 0.85 0.0847
U28-04 -10.12 3.139 0.99 0.0068 13.44 -5.856 0.90 0.0515 8.486 -4.095 0.86 0.0629
U40-04 -3.249 0.180 0.87 0.0628 2.63 -1.962 0.72 0.1159 19.39 -8.257 0.81 0.1102

Temperature (°C)
Model 3 150 170 190

Treatment a b ¢ R)RMSE a b ¢ R:RMSE a b ¢ R’ RMSE

Control  0.030 35.27 0.479 0.990.0137 0.022 38.37 0.502 0.990.0145 0.090 21.48 0.437 0.990.0140
U28 0.018 46.68 0.48390.97 0.0272 0.058 28.72 0.493 0.990.0021 0.090 24.92 0.418 0.990.0126
U40 0.001 72.76 0.524 0.98 0.0252 3E-06 159.6 0.459 0.970.04410.0002115.5 0.407 0.980.0369
02 0.085 19.67 0.454 0.990.0104 0.204 7.834 0.368 0.990.0126 1.506 0.763-0.8960.990.0132
04 0.165 12.6 0.363 0.990.0071 0.163 13.14 0.330 1 0.0014 0.218 10.25 0.269 0.990.0078

U28-02 -0.339-5.968 0.978 0.99 0.0156 0.664 3.089 -0.1040.990.0104 0.315 6.355 0.201 0.980.0308
U40-02 -0.119-14.02 0.793 0.96 0.0243-0.424-4.013 1.056 0.990.0107 0.670 2.01 -0.0470.980.0233
U28-04 -0.320-3.495 1.145 0.950.0250 2.101 0.517 -1.3310.990.0099 0.014 18.15 0.888 0.970.0230
U40-04 -1.149-1.418 1.879 0.950.0385 29.82 0.0557-29.13 0.99 0.0035 0.549 3.532 0.090 0.990.0213

YA
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Table 7 Activation energy (E,) and pre-
exponential factor (Do) of effective moisture
diffusion coefficient (D) during frying for

different treatments based on Table 1

De(m*/s)
. Dole o E, Treatment
(m7/s) (kJ/mol)
0.97 0.316 -16.21 Control
0.99 0.244 -14.93 U28
0.97 0.587 -17.63 U40
0.96 0.104 -11.45 02
0.99 0.900 -18.52 04
1 0.984 -19.92 U28 — 02
0.83 8.460 -11.59 U40 - 02
0.81 6.780 -12.35 U28 — 04
0.99 0.978 -20.21 U40 — 04
1T (1PK)
0.00206 O.O(I)2l6 O.O(I)226 O.O(I)236 0.09246
-16.4 - ..
-16.6 -
-16.8 -
E 17
= -17.2
174 4
-17.6
-17.8 -
X Control HWU28 AU40
@02 €04 au2g - 02
AU40 - 02 ou28 - 04 <SU40 - 04

Fig S Variations of In (D.g) versus the reciprocal of
absolute temperature for various treatments based
on Table 1
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Fig 4 Moisture content variations of control potato
slices based on experimental (Exp) and predicted
(Fit) data (models 1, 2 and 3 in Table 5) as a
function of oil content (a), shrinkage (b) and
apparent density (c) at various temperatures
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Moisture loss kinetics modeling during deep-fat frying of potato
strips pretreated with ultrasound and osmotic dehydration
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Deep-fatfryingisone of theprocessing methods of potato which is chosen to produce a favorable flavor,
taste, color and texture in processed foodstuffs. The aim of this study was to investigate moisture loss
kinetics in fried potato strips and modeling moisture transfer in the samples by applying ultrasound
pretreatment at two frequencies of 20 and 40 kHz as well as osmotic dehydration pretreatment using 2
and 4% salt solution concentration. Inthisstudy, theFick’s law was used as one of the
moisturetransfermodels and the obtained effective moisture diffusion coefficientvalueswere between
1.945x10-8 and 7.178x10-8 m2/s,with an averagecorrelation coefficient 0f0.948. Both the
pretreatmentsusedeffectivelyincreasedthe effective moisturediffusion coefficientduringfrying of potato
strips. In addition to the Fick’s model, 6 empiricalmodelswere also usedto modelmoisturetransfer.
Also, use of theArrheniusequationto determine theinfluence of temperature ontheeffectivemoisture
diffusion coefficient showed thatrising temperatureleads toan increase inthe coefficient during
thefryingprocess.

Keywords: Frying, Mass Transfer, Moisture loss, Process time, Effective moisturediffusion
coefficient

* Corresponding Author E-Mail Address: J_dehghannya@tabrizu.ac.ir

Ly


https://fsct.modares.ac.ir/article-7-15363-en.html
http://www.tcpdf.org

