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Table 1 Different treatments and their abbreviations
Number Pretreatment Symbol
1 Control Control
2 Coating with 0.1% carboxymethyl cellulose 0.1CMC
3 Coating with 0.2% carboxymethyl cellulose 0.2CMC
4 Ultrasoundwith frequencyof 40kHz U
5 Ultrasoundwith frequencyof 40kHz - Coating with 0.1% carboxymethyl cellulose U-0.1CMC
6 Ultrasoundwith frequencyof 40kHz - Coating with 0.2% carboxymethyl cellulose U-0.2CMC
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Fig 2 Apparent densityvariations of potato strips
during frying based on experimental (Exp) and
predicted (Fit) data (model 1, Table 3) for various
treatments based on Table 1 at 150°C (a), 170°C (b)
and 190°C (c)
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Fig 1Apparent density variations of control potato
stripsduring frying at 150, 170 and 190°Cas a
function of frying time (a) and moisture content (b)
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Table 2 Mean comparison of apparent density as a function of a: frying time; b: frying temperature; c:
CMC concentration and d: ultrasound frequency

a:
Frying time (min) 1 2 3 4
Apparent density (g/cm’)’  1.0763* 1.0559"° 1.0275° 0.9946°

"Different letters in the same row indicate a significant difference (P<0.05)

b:

150 170 190

Frying temperature (°C)
Apparent density (g/cm’)’  1.0663* 1.0356° 1.0138°
"Different letters in the same row indicate a significant difference (P < 0.05)

c:
CMC concentration (%) 0 (control) 0.1 0.2
Apparent density (g/em’)”  1.0320°  1.0395° 1.0442°
"Different letters in the same row indicate a significant difference (P < 0.05)

d:
Ultrasound frequency (kHz) 0 (control) 40
Apparent density (g/cm’)’ 1.0496*  1.0276°
"Different letters in the same row indicate a significant difference (P < 0.05)

Table 3 Apparent density (p) modeling of potato strips during frying as a function of time (t),
dimensionless moisture content (M), oil content (Y) and shrinkage (S)

No. Models Reference
1 p= at>+bt+c Current study
2 p=aexp(—bt)+c :
3 p=aexp(bt®) .
4 p=a+exp(bt’) :
5 p=alexp(bt?) .
6 p=alb+t) .
7 p=(abM,)/(1+bM,) .
8 p=aY’+bY+c .
9 p=aexp(bS) g
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Table 4 Statistical parameters of models 1-9 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 aa b ¢ R RMSE
Control  -0.9 -3.3 1.1 0.98 0.00226-5.1 1.1 1.1 0.99 0.00284-4.9 -10.6 1.08 0.99 0.00601
0.1ICMC -0.8 -3.5 1.1 0.99 0.00170-1.9 -6.4 1.1 0.99 0.00032-4.7 -6.9 1.08 0.99 0.00088
0.2CMC -0.7 -2.7 1.1 0.99 0.00134-2.2 -44 1.1 0.99 0.00097-4.7 -4.8 1.08 0.99 0.00240
U -1.7 -89 1.1 0.99 0.00048 -6.6 -13.5 1.1 0.99 0.00309-5.3 -27.9 1.10 0.99 0.00778
U-0.1CMC -2.6 -52 1.1 0.99 0.00131-4.6 -159 1.1 1  0.00043-3.6 -28.7 1.10 0.99 0.00665
U-0.2CMC -2.7 -32 1.1 0.99 0.00152-4.3 -15.1 1.1 0.99 0.00055-2.9 -27.2 1.10 0.99 0.00343
*x107
Temperature (°C)
Model 2 150 170 190
Treatment a b ¢ R® RMSE a b ¢ R° RMSE a b ¢ R* RMSE
Control  3.450.20-2.400.95 0.00350 1.63 1.2-0.50.90 0.01420 5.65 0.53 -4.6 0.96 0.01448
0.1ICMC  0.800.83 0.28 0.97 0.00279 0.702.0 0.4 0.97 0.00539 2.351.11-1.30.95 0.01286
0.2CMC  0.04 13.1 1.04 0.92 0.00353 0.652.1 0.4 0.96 0.00636 2.03 1.18 -0.9 0.94 0.01319
U 1.02 1.60 0.08 0.98 0.00499 4.830.8-3.70.96 0.01827 7.72 0.64 -6.6 0.98 0.01650
U-0.1ICMC 0.99 1.59 0.11 0.96 0.00734 31.20.1-3.00.93 0.02037 4.36 1.00 -3.2 0.98 0.01215
U-0.2CMC 0.71 2.02 0.39 0.94 0.00776 2.401.3-1.30.97 0.01197 2.36 1.70 -1.3 0.99 0.00948
*x10
Temperature (°C)
Model 3 150 170 190
Treatment a b ¢ R* RMSE a b ¢ R® RMSE a b ¢ R* RMSE
Control  1.08 -3.5 1.46 0.98 0.00255 1.08 -3.3 2.2 0.99 0.00257 1.08 -12.4 1.6 0.99 0.00489
0.1ICMC 1.08 -3.6 1.39 0.98 0.00200 1.08 -6.7 1.5 0.99 0.00051 1.08 -9.2 1.7 0.99 0.00099
0.2CMC 1.08 -2.8 1.41 0.99 0.00148 1.08 -5.4 1.6 0.99 0.00039 1.08 -7.5 1.8 0.99 0.00269
U 1.09 -8.7 1.38 0.99 0.00034 1.09 -15 1.7 0.99 0.00528 1.09 -26.4 1.4 0.99 0.00674
U-0.1CMC 1.09 -6.2 1.61 0.99 0.00118 1.09 -16 1.5 0.99 0.00156 1.10 -26.4 1.3 0.99 0.00550
U-0.2CMC 1.09 -4.7 1.74 0.99 0.00161 1.09 -15 1.5 0.99 0.00157 1.10 -25.0 1.3 0.99 0.00213
*x107
Temperature (°C)
Model 4 150 170 190
Treatment a b R RMSE a b° R* RMSE a b R RMSE
Control 0.08 -42 092 0.00374 0.08 -12.4 0.98 0.00455 0.07 -18.5 0.93 0.01506
0.ICMC  0.08 -39 0.92 0.00359 0.07 -8.19 0.92 0.00709 0.07 -15.9 0.95 0.01057
02CMC  0.08 -3.1 0.92 0.00295 0.08 -7.97 0.94 0.00621 0.07 -14.8 0.96 0.00901
U 0.09 -9.3 091 0.00887 0.08 -25.5 0.95 0.0166 0.07 -31.0 091 0.02746
U-0.1ICMC 0.09 -93 094 0.00709 0.08 -21.2 093 0.0170 0.07 -26.4 090 0.02636
U-0.2CMC  0.09 -85 095 0.00567 0.08 -19.8 093 0.0161 0.07 -23.7 0.90 0.02408
*x10
Temperature (°C)
Model 5 150 170 190
Treatment a b R RMSE a b° R* RMSE a b R* RMSE
Control 1.08 1.64 0.96 0.00252 1.08 4.69 0.99 0.00267 1.08 7.19 0.99  0.00655
0.1CMC 1.08 1.51 0.97 0.00228 1.08 3.19 098 0.00317 1.08 6.13 0.99 0.00311
0.2CMC 1.08 1.22 0.97 0.00178 1.08 3.08 0.99 0.00227 1.08 5.66 0.99  0.00288
U 1.09 3.59 0.98 0.00443 1.09 9.67 0.99 0.00657 1.08 12.01 0.98 0.01364
U-0.1ICMC  1.09 3.57 0.99 0.00271 1.09 8.16 0.99 0.00732 1.08 10.33 0.97  0.0142
U-0.2CMC 1.09 324 099 0.00196 1.09 7.61 099 0.00702 1.08 926 097 0.01305
*x107

ARRY
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Model 6

Temperature (°C)

150 170 190
Treatment a b R RMSE a b R RMSE a b R* RMSE
Control  157.8 145.70.95 0.00288 57.7 52.8 0.90 0.01210 36.1 329 094 0.01332
0.ICMC  171.1 157.90.97 0.00229 80.8 743 0.97 0.00446 42.7 39.1 0.94 0.01154
0.2CMC 211.9 1954096 0.00188 84.8 77.9 0.96 0.00524 46.6 42.6 0.94 0.01159
U 72.0 65.4 098 0.00431 269 243 094 0.01778 21.1 19.0 0.96 0.01781
U-0.1ICMC 74.2 67.3 0.95 0.00618 31.6 28.6 0.96 0.01243 243 22.0 097 0.0129
U-0.2CMC 824 748 0.94 0.00640 339 30.7 096 001142 27.1 245 098 0.01010
Temperature (°C)
Model 7 150 170 190
Treatment a b R RMSE a b R RMSE a b R* RMSE
Control 1.12 7.03 0.91 0.00408 1.17 295 090 0.01480 1.20 223 0.92 0.01620
0.1CMC 1.11 7.32 0.95 0.00279 1.14 4.08 095 0.00549 1.18 2.59 0.95 0.01069
0.2CMC 1.11 8.84 0.98 0.00158 1.14 420 095 0.00559 1.17 2.76 0.96 0.00887
U 1.15 3.74 099 0.00193 126 142 095 001610 126 137 0.99 0.00929
U-0.1CMC 1.15 3.75 0.99 0.00257 1.23 1.68 098 0.00860 1.23 1.61 099 0.00661
U-0.2CMC 1.15 413 099 0.00259 122 1.80 0.99 0.00682 1.21 1.81 0.99 0.00502
Temperature (°C)
Model 8 150 170 190
Treatment a b ¢ R* RMSE a b ¢ R® RMSE a b ¢ R* RMSE
Control  -1.7 0.21 1.08 0.90 0.00561 -6.8 1.12 1.1 0.90 0.01450 -7.7 1.35 1.1 0.97 0.01261
0.1ICMC  -2.0 0.16 1.08 0.90 0.00477 -5.0 0.56 1.1 0.96 0.00596 -12.5 1.70 1.1 0.94 0.01393
0.2CMC  -3.0 0.13 1.08 0.92 0.00345 -7.2 0.52 1.1 0.97 0.00548 -13.1 1.30 1.1 0.94 0.01331
U -4.7 0.00 1.09 0.99 0.00131 -15 0.65 1.1 0.99 0.00715 -14.8 0.96 1.1 0.99 0.01324
U-0.1CMC -13 0.35 1.10 0.97 0.00597 -28 1.21 1.1 0.99 0.00824 -22.1 1.11 1.1 0.99 0.01094
U-0.2CMC -16 0.52 1.10 0.99 0.00255 -20 0.73 1.1 0.99 0.00845 -20.6 1.07 1.1 0.99 0.00661
Temperature (°C)
Model 9 150 170 190
Treatment a b ¢ R* RMSE a b ¢ R RMSE a b ¢ R* RMSE
Control  1.08 -3.8 4.38 0.95 0.00367 1.08 249 8.1 0.98 0.00644 1.07 1299011.90.97 0.01112
0.ICMC 1.08 -4.2 4.08 0.99 0.00179 1.08 58899.8 0.98 0.00487 1.08 916 8.1 0.98 0.00762
0.2CMC 1.08 -31 5.72 0.98 0.00193 1.08 231 6.9 0.96 0.00607 1.08 126 6.1 0.99 0.00438
U 1.10 -105 5.67 0.99 0.00312 1.09 9998 14 0.95 0.01991 1.10 9653 8.6 0.99 0.00883
U-0.1CMC 1.09 -241 7.66 0.99 0.00341 1.09 10948.7 0.99 0.00772 1.10 1272 6.8 0.99 0.01010
U-0.2CMC 1.10 -66 5.15 0.99 0.00150 1.09 70348.3 0.99 0.00757 1.10 1267 6.8 0.99 0.01010
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Porosity of food products during frying process is increased due to moisture removal and this
phenomenon, reducesapparent density and increases oil uptake. Therefore, according to the
relationship between apparent density, porosity and oil uptake, investigation of the apparent density is
important. The aim of this studywas to investigate changes of apparent density and its modeling
duringdeep-fat frying of potatos trips pretreated with 0.land 0.2% carboxy methyl cellulosecon
centration and 40k Hz ultrasound frequency forl5 minutes. The potato strips were cut
intol.2x1.2x4cm’pieces and after performing the pretreatments, the frying process was done at three
different temperatures of 150,170 and 190°C for 1, 2, 3and4 minutes. Edible coating pretreatment in
both the concentration led to an increase in apparent density and this increase was not statistically
significant compared to control samples (P>0.05). However, 40kHzultrasoundfrequency led to a
significant decrease of the parameter in comparison with controls (P<0.05). Due to the lackof
appropriate experimental models in the literature form odeling apparent density, a number of empirical
models proposed in this study, were used. Average correlation coefficient between experimental and
models datawas high.

Keywords: Deep-fat frying, Modeling, Ultrasound, Edible coating, Apparent density
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