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Table 1Independent variables used in the paper
Variable type Symbol -1 0 +1
Storage temperature X -40 0 40
Storage time(h) X, 0 2/5 5
Blanching(minute) X3 1 2 3
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Table 2 Central composite design experiments

Blanching Storage

(minute) temperature Storage time(h)
2.5 -40 2
0 0 2
0 40 3
2.5 0 3
0 -40 1
2.5 0 2
2.5 0 2
2.5 40 2
0 -40 3
2.5 0 2
2.5 0 2
5 40 1
5 -40 3
2.5 0 1
5 -40 1
2.5 0 2
5 40 3
0 40 1
5 0 2
2.5 0 2

Table 3 The results of analysis of variance (ANOVA) treatments for the content of oil in deep frying

Source DF Seq SS Adj SS F P
Linear Model 3 1112.64 370.881 158.94 0.000
(X1) 1 933.00 933.00 399.83 0.000
(X2) 1 178.76 178.76 76.61 0.000
(X3) 1 0.88 0.88 0.38 0.552
X1) 1 98.53 37.17 15.93 0.003
(X,)? 1 33.37 53.35 22.86 0.001
(Xs3)? 1 27.01 27.01 11.57 0.007
(X; Xz) 1 1.15 1.15 0.49 0.499
(X; X3) 1 10.19 10.19 4.37 0.063
(X, X3) 1 6.07 6.07 2.60 0.138
Residual Error 10 23.33 23.33 158.94 0.000

Pure Error 5 9.55 9.55 399.83
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Table 4The results of analysis of variance(ANOV A)treatments for the content of oil in surface frying

Source DF Seq SS Adj SS F P
Linear Model 3 1918.56 639.57 774.58 0.000
Xy 1 1506.24 1506.24 1824.35 0.000
(X2) 1 409.08 409.08 495.47 0.000
(X3) 1 3.24 3.24 3.92 0.076
(X))? 1 3.67 5.57 6.75 0.027
(Xy)? 1 4.98 18.07 21.88 0.001
(X3)? 1 33.83 33.83 40.97 0.000
X Xy) 1 111.75 111.75 135.35 0.000
(X1 X3) 1 8.63 8.63 10.45 0.009
(X2 X5) 1 0.67 0.67 0.81 0.390
Residual Error 10 8.26 8.26
Pure Error 5 2.80 2.80
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Fig 1 Effect of Pretreatment of storage temperature
on the amount of oil absorption during deep frying
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Fig3 Effects of pretreatment of blanching and
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amount of oil absorption during deep frying
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Fig 6 the effect of pretreatment of blanching the
moisture content in the frying surface
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Fig5 shows the effect of pretreatment temperature
to keep the moisture content in the frying surface

Table 5The results of analysis of variance(ANOVA) treatments for the shrinkage in deep frying

alnjelauwla |,
Suong

Source DF Seq SS Adj SS F P
Linear Model 3 1617.83 539.24 101.18 0.000
Xy) 1 403.47 403.47 75.71 0.000
(Xy) 1 1167.80 1167.80 219.12 0.000
(X3) 1 46.46 46.46 8.72 0.014
(X,)2 1 138.77 49.66 9.23 0.012
(X2)2 1 19.95 24.37 4.57 0.058
(X3)2 1 4.50 4.50 0.84 0.380
X1 Xy) 1 107.86 107.86 20.24 0.001
X1 X3) 1 0.24 0.24 0.04 0.837
(X2 X3) 1 0.05 0.05 0.01 0.926
Residual Error 10 53.29 53.29
Pure Error 5 17.50 17.50
Yeq
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Table 6 The results of analysis of variance(ANOVA) treatments for the shrinkage in surface frying

P F Adj SS Seq SS DF Source
0.000 285.44 307.871 923.61 3 Linear Model
0.000 231.42 249.60 249.60 1 Xy)
0.000 622.80 671.74 671.74 1 (Xy)
0.178 2.10 227 227 1 (X3)
0.000 36.20 97.98 97.98 1 X)?
0.248 1.50 1.62 2.54 1 (Xo)?
0.610 0.28 0.30 0.30 1 (X3)?
0.148 2.46 2.65 2.65 1 X; Xy)
0.000 71.69 77.33 77.33 1 X X3)
0.000 41.28 44.52 44.52 1 (X5 X3)

1079 10.79 10 Residual Error
5.33 5.33 5 Pure Error
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Fig 9 the effect of pre-treatment storage time and
temperature on the rate of shrinkage during the
frying surface
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Fig 10 shows the optimized examples of deep
frying
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Effect of different pretreatments on the oil uptake and shrinkage
carrot pieces during surface and deep frying

Salehaghdam, P. !, Asefi, N. **

1. Department of Food Science and Technology, Tabriz Branch, Islamic Azad University, Tabriz, Iran.
2. Department of Food Science and Technology, Tabriz Branch, Islamic Azad University, Tabriz, Iran.
(Received: 2016/05/20 Accepted: 2016/08/03)

Carrot as one of vegetables is rich of vitamin and minerals and can be used raw or fried; reduce in oil
content of frying products is necessary and would be important to upgrade the level of society health,
for the reason of inadequate information in the field of doing appropriate pre-treatment before deep
and surface frying to obtain low fat products with the favorable qualitative properties; current research
was designed. In the research by using blanching pre-treatment (0, 2.5 and 5 minutes), temperature (-
40, 0, and 40 degrees Celsius), and time of keeping in that temperature (1, 2, 3 hours) for determining
appropriate pre-treatment by using statistical plan of RSM, both types of deep and surface frying were
done, no blanching treatments which had been dried at 40° C for two hours by having the minimum
amount of oil absorption ,minimum wrinkles and maximum moisture were chosen as the optimized
treatments.
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