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Table 1 Different treatments and their abbreviations

Number Pretreatment Symbol
1 Control Control
2 Ultrasound with frequency of 40 kHz for 20 mirste u20
3 Ultrasound with frequency of 40 kHz for 40 mirste u40
4 Blanching for 2 minutes B2
5 Blanching for 4 minutes B4
6 Ultrasound with frequency of 40 kHz for 20 mirateBlanching for 2 minutes U20 - B2
7 Ultrasound with frequency of 40 kHz for 20 mirauteBlanching for 4 minutes U20 - B4
8 Ultrasound with frequency of 40 kHz for 40 mirauteBlanching for 2 minutes u40 - B2
9 Ultrasound with frequency of 40 kHz for 40 mirauteBlanching for 4 minutes U40 - B4
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Fig 1 Shrinkage of potato slices (Control) as a functibfrying time (a) and moisture content (b) at 1500
and 190°C
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Fig 2 Shrinkage variations of potato slices based onraxeatal (Exp) and predicted (Fit) data (model &ble
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2) for various treatments based on Table 1 at 1%8;19), 170°C (c,d) and 190°C (e,f)

Table 2 Shrinkage (S) modeling of potato slices duringrfgyprocess as a function of time (t)

Number Model Reference
1 S=a(l-exp(ht)) Proposed in this study
2 S=(1+t)/(at +b) Proposed in this study
3 S=abt /(1+bt) Proposed in this study
4 S=(1-exp(-at))/(L-bt) Proposed in this study
5 S= exp(—atb) Proposed in this study
6 S=all+ tb) Proposed in this study

“a, b: Model constants

Y4v


https://fsct.modares.ac.ir/article-7-5274-fa.html

el SASs S5 Sl 5 Dol gyl 5 OLan 5 L Olias JM-

Table 3 Statistical parameters obtained from models 1-Baible 2 for different treatments and
temperatures during frying

Model 1 T (°C)

150 170 190
Treatment R® RMSE R? RMSE R? RMSE
Control 0.98 0.0175 0.98 0.0170 0.98 0.0166
U20 0.98 0.0168 0.99 0.0135 0.99 0.0139
u40 0.99 0.0126 0.98 0.0202 0.99 0.0119
B2 0.99 0.0137 0.98 0.0177 0.99 0.0115
B4 0.98 0.0177 0.99 0.0110 0.98 0.0227
U20 - B2 0.98 0.0165 0.99 0.0146 0.99 0.0099
U20 - B4 0.98 0.0147 0.99 0.0069 1 0.0008
U40 — B2 0.99 0.0066 0.99 0.0056 0.99 0.0113
U40 — B4 0.98 0.014 0.98 0.0148 0.99 0.0092
Model 2 T (°C)

150 170 190
Treatment R® RMSE R? RMSE R? RMSE
Control 0.98 0.0131 0.99 0.0126 0.99 0.0124
U20 0.99 0.0128 0.99 0.0086 0.99 0.0094
u40 0.99 0.0075 0.99 0.0146 0.99 0.0075
B2 0.99 0.0096 0.98 0.0138 0.99 0.0098
B4 0.98 0.0132 0.99 0.0073 0.98 0.0170
U20 - B2 0.99 0.0122 0.99 0.0100 0.99 0.0061
U20 — B4 0.99 0.0102 0.99 0.0042 0.99 0.0084
U40 — B2 0.99 0.0067 0.99 0.0048 0.99 0.0070
U40 — B4 0.99 0.0104 0.99 0.0106 0.99 0.0060
Model 3 T(°C)

150 170 190
Treatment R? RMSE R? RMSE R? RMSE
Control 0.98 0.0127 0.99 0.0121 0.99 0.0116
u20 0.99 0.0117 0.99 0.0074 0.99 0.0082
u40 0.99 0.0070 0.99 0.0143 0.99 0.0065
B2 0.99 0.0092 0.99 0.0133 0.99 0.0073
B4 0.98 0.0130 0.99 0.0069 0.98 0.0169
U20 - B2 0.99 0.0116 0.99 0.0092 0.99 0.0041
U20 - B4 0.99 0.0098 0.99 0.0019 0.99 0.0067
U40 - B2 0.99 0.0058 0.99 0.0035 0.99 0.0055
U40 - B4 0.99 0.0096 0.99 0.0099 0.99 0.0039
Model 4 T(°C)

150 170 190
Treatment R? RMSE R? RMSE R? RMSE
Control 0.97 0.0216 0.97 0.0220 0.97 0.0229
u20 0.97 0.0252 0.98 0.0203 0.98 0.0204
u40 0.98 0.0159 0.97 0.0239 0.98 0.0177
B2 0.98 0.0172 0.97 0.0220 0.97 0.0217
B4 0.97 0.0202 0.99 0.0130 0.97 0.0261
U20 - B2 0.97 0.0221 0.97 0.0202 0.98 0.0172
U20 — B4 0.97 0.0185 0.99 0.0122 0.99 0.0081
U40 - B2 0.99 0.0105 0.99 0.0102 0.98 0.0180
U40 - B4 0.97 0.0196 0.97 0.0204 0.98 0.0160
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Model 5 T (°C)
150 170 190
Treatment R? RMSE R? RMSE R? RMSE
Control 0.99 0.0092 0.99 0.0085 0.99 0.0081
u20 0.99 0.0081 0.99 0.0031 0.99 0.0055
u40 0.99 0.0030 0.99 0.0101 0.99 0.0045
B2 0.99 0.0061 0.99 0.0108 0.99 0.0046
B4 0.99 0.0094 0.99 0.0051 0.99 0.0124
U20 - B2 0.99 0.0080 0.99 0.0054 1 0.0008
U20 - B4 0.99 0.0063 0.99 0.0026 0.99 0.0109
U40 - B2 0.99 0.0079 0.99 0.0063 0.99 0.0015
U40 - B4 0.99 0.0066 0.99 0.0065 0.99 0.0010
Model 6 T (°C)
150 170 190

Treatment R® RMSE R? RMSE R? RMSE
Control 0.96 0.0235 0.96 0.0245 0.97 0.0221
U20 0.98 0.0202 0.97 0.0269 0.96 0.0287
u40 0.94 0.0356 0.94 0.0183 0.95 0.0236
B2 0.95 0.0254 0.96 0.0252 0.99 0.0134
B4 0.94 0.0221 0.94 0.0234 0.93 0.0311
U20 - B2 0.97 0.0231 0.97 0.0235 0.97 0.0245
U20 — B4 0.96 0.0262 0.97 0.0238 0.97 0.0256
U40 - B2 0.96 0.0269 0.95 0.0319 0.97 0.0253
U40 - B4 0.97 0.0203 0.97 0.0230 0.98 0.0205

Table 4 Shrinkage modeling of potato slices during fryimgqess as a function of oil content (O),
dimensionless moisture ratio (Mind apparent density)(

Number Model R? Reference
1 S=aO+b 0.97 Proposed in this study
2 S= a.Mtb +cC 0.98 Proposed in this study
3 S=ap’+c 0.98 Proposed in this study
U: Ultrasound time, B: Blanching time, T: Frying Table 5Multivariate models for constants of
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. S ) ) 0.9746 a= -0.00295U + 0.073222B + 0.016879T
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Fig 3 Linear fit between experimental and
predicted shrinkage data (model 5, Table 2)
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Given that shrinkage in fried products is seen aggative feature from consumer’s point of view,
some of the new pretreatments can be used to impitug quality characteristic and increase the
popularity of the product. The purpose of the stu@s to investigate and model shrinkage during
frying of potato slices pretreated with ultrasowmtl blanching. Potato slices, after the respective
pretreatments were fried at three different tempeea (150, 170 and 190°C) and four various times
(90, 180, 270 and 360 s). In this study, six expertal models were presented.to study shrinkage
changes as a function of frying time. Accordingthe results, all the pretreatments except the
ultrasonic pretreatment for 40 minutes, reducedhkhge of the samples compared with controls.
Also, the applied models were well fitted to th@esmental data with high%and low RMSE. These
models can be useful in predicting the frying pescend controlling final product quality.

Keywords: Blanching, Ultrasound, Shrinkage, Deep-fat fryiNtmdeling
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