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Table 1 Different treatments and their abbreviations

Number Pretreatment Symbol
1 Control Control
2 Oil containing 0.3 g/B-cyclodextrin BO.3
3 Oil containing 0.6 g/B-cyclodextrin B0.6
4 Qil containing 1% (w/v) sodium chloride NC1
5 Qil containing 3% (w/v) sodium chloride NC3
6 Oil containing 1% (w/v) sodium chloride - 0.3 g/tyclodextrin NC1-B0.3
7 Oil containing 1% (w/v) sodium chloride - 0.6 g/tyclodextrin NC1-B0.6
8 Oil containing 3% (w/v) sodium chloride - 0.3 g/tyclodextrin NC3-B0.3
9 Oil containing 3% (w/v) sodium chloride - 0.6 g/tyclodextrin NC3-B0.6
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Fig 1 Apparent density of potato slices (Control) asrecfion of frying time (a) and moisture content &)150,
170 and 190°C
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Fig 2 Apparenet density variations of potato slices basedxperimental (Exp) and predicted (Fit) datadeio
1, Table 2) for various treatments based on Talae160°C (a,b), 170°C (c,d) and 190°C (e,f)
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Table 2 Apparent densityp) modeling of potato slices during frying processadgunction of time (1-
6), dimensionless moisture ratio {lvbil content (O) and shrinkage (S) (7-9)

Number Model Reference
1 p=at+b Proposed in this study
2 p=at’+bt+c Proposed in this study
3 p =aexpbt) Proposed in this study
4 0 =1/ (exp(at) +b) Proposed in this study
5 p =a-—-exppt) Proposed in this study
6 p=1(at+h) Proposed in this study
7 p= aMtb Proposed in this study
8 p=a0%+b Proposed in this study
9 p=aS’+bSg +c Proposed in this study

Table 3Comparison of mean apparent density as a funcfitnyiag time (a), frying temperature (b),
Sodium chloride concentration (c) and betacycladlextoncentration (g/l)

a:
Frying time (s) 90 180 270 360
Apparent density (g/cth 0.946 0.83% 0.725 0.645
b:
Frying temperature (°C) 150 170 190
Apparent density (g/cth 0.83C0 0.78% 0.748
C:
Sodium chloride concentration (%: w/v) 0 1 3
Apparent density (g/ch 0.72F 0.754 0.793
d:
Betacyclodextrin concentration (g/l) 0 0.3 0.6
Apparent density (g/cth 0.72F 0.744 0.77F

Different letters in each row indicate significalifference (p<0.05).
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Table 4 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 0.97 0.0428 0.97 0.0300 0.99 0.0385
B0.3 0.99 0.0336 0.98 0.0174 0.99 0.0307
BO.6 0.99 0.0256 0.98 0.0165 0.99 0.0226
NC1 0.99 0.0323 0.98 0.0173 0.99 0.0296
NC3 0.99 0.0194 0.99 0.0095 0.99 0.0167
NC1-B0.3 0.99 0.0227 0.99 0.0095 0.99 0.0188
NC1-B0.6 0.99 0.0170 0.99 0.0108 0.98 0.0144
NC3-B0.3 0.99 0.0111 0.99 0.0113 0.99 0.0130
NC3-B0.6 0.99 0.0073 0.99 0.0063 0.98 0.0051
Model 2 T(°C)
150 170 190
Treatment R? RMSE R* RMSE R* RMSE
Control 0.99 0.0035 0.99 0.0155 0.99 0.0155
BO.3 0.99 0.0036 0.99 0.0107 0.99 0.0115
BO.6 0.99 0.0105 0.99 0.0080 0.99 0.0047
NC1 0.99 0.0026 0.99 0.0084 0.99 0.0089
NC3 0.99 0.0107 0.99 0.0084 0.99 0.0031
NC1-B0.3 0.99 0.0085 0.99 0.0076 0.99 0.0038
NC1-B0.6 0.99 0.0133 0.99 0.0098 0.99 0.0057
NC3-B0.3 0.99 0.0064 0.99 0.0155 0.99 0.0094
NC3-B0.6 0.99 0.0034 0.99 0.0047 0.99 0.00710
Model 3 T(°C)
150 170 190
Treatment R? RMSE R* RMSE R* RMSE
Control 0.99 0.0130 0.99 0.0195 0.99 0.0189
B0.3 0.99 0.0041 0.99 0.0132 0.99 0.0113
BO.6 0.99 0.0092 0.99 0.0085 0.99 0.0058
NC1 0.99 0.0040 0.99 0.0128 0.99 0.0110
NC3 0.99 0.0122 0.99 0.0074 0.99 0.0033
NC1-B0.3 0.99 0.0094 0.99 0.0070 0.99 0.0044
NC1-B0.6 0.99 0.0158 0.99 0.0089 0.99 0.0056
NC3-B0.3 0.98 0.0192 0.99 0.0164 0.99 0.0111
NC3-B0.6 0.98 0.0096 0.99 0.0059 0.99 0.0094
Model 4 T (°C)
150 170 190
Treatment R? RMSE R? RMSE R? RMSE
Control 0.99 0.0122 0.99 0.0187 0.99 0.0179
BO.3 0.99 0.0037 0.99 0.0124 0.99 0.0104
BO.6 0.99 0.0093 0.99 0.0080 0.99 0.0050
NC1 0.99 0.0035 0.99 0.0120 0.99 0.0101
NC3 0.99 0.0128 0.99 0.0075 0.99 0.0035
NC1-B0.3 0.99 0.0099 0.99 0.0069 0.99 0.0038
NC1-B0.6 0.99 0.0165 0.99 0.0093 0.99 0.0061
NC3-B0.3 0.98 0.0197 0.99 0.0170 0.99 0.0119
NC3-B0.6 0.99 0.0098 0.99 0.0063 0.99 0.0100
Model 5 T(°C)
150 170 190
Treatment R® RMSE R* RMSE R* RMSE
Control 0.96 0.0412 0.94 0.0508 0.94 0.0572
BO.3 0.98 0.0273 0.96 0.0425 0.96 0.0497
BO.6 0.98 0.0253 0.97 0.0334 0.97 0.0385
NC1 0.98 0.0270 0.96 0.0409 0.96 0.0458
NC3 0.99 0.0153 0.98 0.0266 0.97 0.0318
NC1-B0.3 0.98 0.0174 0.97 0.0292 0.97 0.0354
NC1-B0.6 0.99 0.0139 0.98 0.0235 0.98 0.0288
NC3-B0.3 0.99 0.0063 0.99 0.0175 0.98 0.0205
NC3-B0.6 0.99 0.0039 0.99 0.0130 0.99 0.0144
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Model 6 T (°C)
150 170 190
Treatment R? RMSE R? RMSE R? RMSE
Control 0.99 0.0060 0.99 0.0103 0.99 0.0102
B0.3 0.99 0.0119 0.99 0.0100 0.99 0.0152
B0.6 0.99 0.0169 0.99 0.0136 0.99 0.0150
NC1 0.99 0.0110 0.99 0.0085 0.99 0.0123
NC3 0.98 0.0222 0.99 0.0170 0.99 0.0184
NC1-B0.3 0.98 0.0199 0.99 0.0157 0.99 0.0165
NC1-B0.6 0.97 0.0253 0.99 0.0194 0.99 0.0201
NC3-B0.3 0.96 0.0271 0.97 0.0262 0.98 0.0243
NC3-B0.6 0.98 0.0129 0.99 0.0127 0.98 0.0198
Model 7 T (°C)
150 170 190
Treatment R? RMSE R* RMSE R* RMSE
Control 0.98 0.0224 0.99 0.0141 0.99 0.0090
B0.3 0.99 0.0122 0.99 0.0123 0.99 0.0162
B0.6 1 0.0002 0.99 0.0161 0.99 0.0181
NC1 0.99 0.0127 0.99 0.0129 0.99 0.0122
NC3 0.99 0.0088 0.99 0.0182 0.99 0.0214
NC1-B0.3 0.99 0.0093 0.99 0.0142 0.99 0.0166
NC1-B0.6 0.99 0.0068 0.99 0.0156 0.99 0.0192
NC3-B0.3 0.99 0.0041 0.98 0.0194 0.98 0.0247
NC3-B0.6 0.99 0.0061 0.99 0.0074 0.98 0.0200
Model 8 T(°C)
150 170 190
Treatment R” RMSE R* RMSE R* RMSE
Control 0.99 0.0141 0.99 0.0139 0.99 0.0184
B0.3 0.99 0.0107 0.99 0.0065 0.99 0.0152
B0.6 0.98 0.0254 0.99 0.0143 0.99 0.0112
NC1 0.99 0.0152 0.99 0.0077 0.99 0.0156
NC3 0.97 0.0278 0.98 0.0211 0.98 0.0236
NC1-B0.3 0.98 0.0248 0.97 0.0303 0.99 0.0216
NC1-B0.6 0.98 0.0206 0.98 0.0267 0.99 0.0097
NC3-B0.3 0.98 0.0188 0.97 0.0308 0.98 0.0203
NC3-B0.6 0.99 0.0094 0.98 0.0207 0.97 0.0308
Model 9 T (°C)
150 170 190
Treatment R? RMSE R? RMSE R? RMSE
Control 0.99 0.0059 0.99 0.0276 0.99 0.0153
B0.3 0.99 0.0124 0.99 0.0268 0.99 0.0178
B0.6 0.99 0.0061 0.99 0.0252 0.99 0.0147
NC1 0.99 0.0112 0.99 0.0242 0.99 0.0151
NC3 0.99 0.0121 0.99 0.0222 0.99 0.0134
NC1-B0.3 0.99 0.0120 0.99 0.0124 0.99 0.0147
NC1-B0.6 0.99 0.0120 0.98 0.0250 0.99 0.0139
NC3-B0.3 0.98 0.0218 0.99 0.0201 0.99 0.0153
NC3-B0.6 0.98 0.0151 0.98 0.0201 0.99 0.0151
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predicted apparent density data (model 1, Table 2)
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Table 5Multivariate models for constants of
models 1-9 in Table 2 according to process
conditions

R® p=at+b

099 & 0.0000845 NC #©.000294B -
' 0.0000082T

0.99 b=0.017179 NC + 0.078408B + 0.005915T

R® p=at’+bt+c

095 & 0.0000000763NC + 0.000000247B +
' 0.0000000112T
0.99 b=0.000241 NC + 0.000819B - 0.000012T

0.99 c¢=0.010008 NC + 0.054861B + 0.006103T

R®  p=aexpbt)

0.99 a=0.013676NC + 0.00661174B0.006055T
0.99 b=0.000149 NC + 0.000523B - 0.000011T

R®  p=1/(exptat) +Db)

0.99 a=0.000147NC + 0.000519B0-00001T
0.98 b=-0.00508NC - 0.01853B - 0.00035T

R p=a-explt)

0.99 a=0.026868NC + 0.13038680.011503T

0.99 b=-0.000055NC - 0.00019B +
' 0.00000655T

R®  p=Y(at+b)

0.99 a=-0.00022NC - 0.0007880.0000132T
0.99 b=0.00439NC + 0.032569B + 0.005269T

_ b
R®  p=aM,

0.99 a= 0.011465NC + 0.03349780.006149T
0.99 b=-0.01559NC + 0.143728B + 0.002569T

R® p=a0’+b

0.98 a=0.237801NC + 0.476985B0.1352T
0.99 b=0.01007NC + 0.04915780.006152T

R*  p=aS°+bS+c

0.98 a=-0.43594NC - 1.14389B - 0.08033T
0.98 b=-0.01583 NC - 0.08186B + 0.18823T
0.99 ¢=0.008233 NC + 0.048028B + 0.006124T

NC: Sodium chloride concentration, B:
cyclodextrin concentration, T: Frying temperature
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The use of compounds such as cyclodextrins andgttectrolytes, that can affect surface tension
between food and oil during deep-fat frying procasfiuences the quality of the fried product
including apparent densitfthe aim of this study was to investigate the effi#dt-cyclodextrin and
sodium chloride addition to oil on apparelensity kinetics and its modeling during deep-fginy of
potato strips. In this researdhgcyclodextrin was added to oil at 0.3 and 0.6 gl sodium chloride
was added at 1 and 3%. Then, potato strips wezd &i 150, 170 and 190°C for 90, 180, 270 and 360
seconds. The results showed that by increasingepsotime, appareuwtensity of various samples is
decreased. Furthermore, by increasing the temperétom 150 to 190°C, the trend of decrease in
apparentdensity intensified. In additioin, sodium chloriéad p-cyclodextrin treatments in both
concentrations, separately and simultaneously jf&igntly increased apparedensity compared to
control samples. Also, a number of experimental el®dere proposed to model the parameterduring
deep-fat frying. The average correlation coeffitieetween the experimental results with the results
of the models was considerable.

Keywords: B-cyclodextrin, Deep-fat frying, Apparent densityptieling
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